
原著

EXPERIMENTAL STUDIES ON THE INFLUENCE 
OF RETICULO・ENDOTHELIALSYSTEM UPON THE 
INDUCTION OF MALIGNANT GASTRIC NEOPLASMS 

by 

y OICHI OJIMA 

From the 2nd Surgical Division, Kyoto University Medical School 
(Directors : Prof. emeritus Dr. Y ASU~tへSA Aov AGI, ・Prof. Dr. CHU JI Kt¥!URA) 

Received for publication May 25, 1963 

INTRODUCTION 

451 

YAMAGIW A and lcHIKA w A (1915) 64• 25l were the first to succeed in producing skin 
cancer in rabitts. Liver cancer, pulmonary cancer, mammary cancer and other organic 

cancers were produced later relatively easily in animals. However, the production of 

gastric回 nceridentical in histogenetical points with human gastric cancer experimentally 

was difficult despite the efforts of many investigators. Experimental gastric cancer in 

rats which was reported for the first time by FrnIGER11•22l in 1913 was nothing more 
than a papillary growth of the squamous epithelium of the forestomach, and was found 

to be entirely different from gastric cancer in man. 

STEWART, HARE, LORENZ, BENNETT, SNELL 17•20•47·48，叫 50·53·\ FrRMINGER12l, COLLINS, 

GARDONER and STRONG10l, have succeeded in the production of precancerous lesion or 

adenocarcinoma in the glandular stomach of rats and mice by oral administration of 

carcinogenic polycyclic hydrocarbon, 20-methylcholanthrene, and by intramural injection 

of these substances into the submucosa of the glandular stomach. The incidence, however, 

was low. 

STEWART et al.51•"9l has recently reported to have succeeded in producing the above 
mentioned change in the glandular stomach of rats by means of oral administration of 

N-N'-2.7-fluorenylene bisacetamide at a fairly high rate. 

The author12l has obtained data by investigating various factors in producing malig-

nant tumors of the stomach experimentally, by the injection of a suspension or emulsion 

of 20-methylcholanthrene into the submucosa of the glandular stomach of the rat, resorting 

either to the local simultaneous injection of ethanol or to the blocking of the reticulo・

endothelial system (splenectomy, X-irradiation, injection of pigments, etc.). 

MATERIALS AND METHODS 

(I) Materials 

i) Carcinogenic agent 13・ 14l ・ As a strong carcinogeniι、polycyclichydrocarbon, 20-

methylcholanthrene (MC) (Fluka Co., Switzerland) wa只 used.In or<ler to perform inject-

ion~into_the gastric wall~of rat,.._MC-methocel suspension_(4%) and MC-olive-oile mulsion 
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Table 1 

(1) C•Jmposition of MC-Methocel Suspension : 
Grams percent 

20-Methylcholanthrene 4.0 
Aeros口lOT 0.0 1 
孔，frth、kellulo‘－
Ethylalcohol 1. 0 

Distilled water -q. s. 100.0 
pH adjusted to 7.4 with O. IN NaOH 

(2) Composition of MC-Olive-Oil Emulsion : 

20-Methy lcholanthrene 
Olive-Oil -q. s. 

Grams percent 
4.0 
100.0 

( 4 % ) were prepared according to the 
method described by LORENZ, HARE 

and STEWART. For their composition, 

refer to Tab. pi>. 

ii) Experimental animals : Wistar-

strain rats obtained from the Animal 

Center Laboratory of the Kyoto 

University Medical School were used. 

A total of 404 male rats, about 80 

to 100 gram of body weight and 4 

to 5 months of age were used. They 

were caged in groups of 5 to 8 each, 

and maintained on a diet of “Oriental laboratory chow'" (Oriental Yeast Mfg. Ltd, Japan), 
tap water and vegetables. 

(II) Experimental procedure 

As presented in Tab. 2, the effective experimental animals numbered 404. The 
animals were divided in 2 groups, MC-methocel suspension group (M-group) and MC-

olive-oil emulsion group (0-group) by use of MC-solvent. These groups were then 

subdivided in the following 6 groups. Using a sterile tuberculin syringe, injection was 

performed. 

i) 0.01 cc of methocel suspension containing 0.4 mg of MC  (Tab. 1) and 0.01 cc of 
90% ethanol was injected into the pyloric submucosa of the anterior wall of the glandular 
stomach (M-I). 

ii) 0.01 cc of olive四oilemulsion containing 0.4 mg of MC  and 0.01 cc of 90% ethanol 
was injected into the pyloric submucosa of the anterior wall oi the glandular stomach 
(0-1). 

iii) 0.01 cc each of the MC-suspension was .njected into the submucosa of the pylorus 
and the corpus of the glandular stomach (M-Il). 

iv) O. lcc each of the MC-olive-oil emulsion was injected into the submucosa of the 
pylorus and the corpus of the glandular stomach (0-11). 

v) 0.01 cc of the MC-suspension and 0.01 cc of ethanol was injected into the pyloric 
submucosa of the glandular stomach, performing splenectomy at the same time (M-III). 

Intramural injection of carcinogen 

and other treatments 

子、＇umberof rat、

:vtC-4°0 O.OJcc (0.4mg) and 
Eth川町I90% O.Olcc 11ハlI 

Table 2 

rv1 < .n’llJ> 
20-Mt'tll¥ ld1<>bnthrene 
i Methocel s，時間sion

215 

143 

~＼1( 、－4% 0.02cc <0.8mg) I I 
I 35 I (pyl. corp.) I I 

MC－」%O.OJcc (0.4mg) and I 

0-Grouo I 
20-Methvlcholantl、rene I Totals 
Olive-Oil Emulsion i 

189 

129 272 

12 47 

Ethanol 90% O.Olcc (pylJ 37 48 85 
Splenectomy 
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vi) 0.01 cc of the MC-olive-oil emulsion and 0.01 cc of ethanol was injected into the 

pyloric submucosa of the glandular stomach, performing splenectomy at the same time 

(0・III).

The operative procedure was carried out under nemlコutalanesthesia which was admi” 

nistred intraperitoneally. The abdomen was shaved and the stomach was delivered through 

a midline incision in the epigastric region. By means of a 0.5 cc tuberculin syringe, a 

Plate l 
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RESULTS 

suspension or emulsion of MC and 

ethanol was injected tangentially into 

the serosal surface of the anterior 

wall in the portion of the glandular 

stomach. The technical success of the 

injection was shown by the presence 

of a small yellow bleb of ca 2 mm in 

diameter at the site of the injection. 

The first injection-site was the wall 

of the antrum near the pylorus (pre岨

pyloric region), the second injection-

site was the wall of the corpus (fundic 

region) of the glandular stomach at 

a point not less than 0.5 cm distal to 

the limiting ridge. The splenic artery 

and vein were ligated and the spleen 

was removed in the splenectomized 

group. Following the injection, the 

stomach was returned to the peritoneal 

cavity and the abdominal wound was 

closed by silk-thread suture. 

One animal in each group was sacrificed every hour from the 1 st to the 24 th hour 

after treatment. From the 2nd day to the end of the 2nd week, one animal was 

sacrificed each day, thereafter, 3 to 5 animals were sacrificed every week, allowing 

observations for 607 days after the injection, at the longest. The animals which died of 

other causes than tumor were excluded from this studies. The animals were laparotomiz” 

ed immediately after sacrifice and were examined. The stomach was isolated together 

with the inferior part of the esopr .. gus and a part of the duodenum and were fixed in 

10 % formalin solution. Paraffin sections were prepared from 2 to 4 areas of the 
anterior wall of the stomach, as presented in Plate 1. The sections were put to 

hematoxylin and eosin staining. In a number of sections, van Gieson staining and the 

silver impregnation method for reticulin fiber were employed. 

(I ) Macroscopic observations 
i) Changes in the abdominal cavity : Bloody ascites retention was noted in 2 

sarcomas (220 and 148 days after MC-injection, respectively) and in one adenocarcinoma 
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(303 day弓afterinjection) of the group gin:'n MC、intramuralinjection at the pylorus and 

corpus of the glandular stomach, and also in 8 sarcomas (191, 170, 204, 214, 199, 212, 

189 and 190 days after injection, respじじti¥ely),and in 2 adenocarcinomas (168 and 149 

days after injection, respectively) in the splenectomized group. In 4 instances showing 

liver metastasis in the splenectomized group, the great amount of blcody ascites retention 

was observed. In 10 cases of the malignant tumors developed by intramural injection 

of MC into the glandular stomach, macroscopic metastases in the other organs were 

observed. In the splenectomized group, adenocarcinoma was observed in 2 animals (168 

and 149 days after MC-injection, respectively) and sarcoma in 8 animals (206, 186, 

220, 148, 199, 212, 189 and 190 days after l¥K、ーinjection,respectively) which produced 

liver metastasis. 

Li¥・er metastasis of sarcoma with relatively distinct delineation produced a hard tumor 

formation on the surface of the liver. But the liver metastasis of adenocarcinoma did not 

form as hard masses. Lymph node swelling could not be d氏、overedin any of the ’：mimals 

with metastasis. Liver abscess was noted in 4 animals and liver cvst in 8 animals. 

Adhesion was recognizable on the lapse of one to two weeks after the MC-injection. 

The marked adhesion generally dεveloped on the lapse of 2 months after injection, 

and a most intense fibrous adhesion occured between the MC-injected serous membrane 

of the gastric anterior wall and the liver surface or its bed. It also involved the spleen, 

omentum, duodenum, pancreas and peritoneum. In the splenectomized group, even shortly 

after the MC-injection, an intense and extensive adhesion wa只 generallyobserved in many 

of the animals. 

ii) Changes in the stomach : Macroscopic tumor formation and ulceration wゼrenoted 

following MC司injectionalone in 101 of 319 animals (M・I,M-II, 0-I and 0・II) (31.8 

% ) , and following MC-injection with splenectomy in 50 of 85 animals (M-III and 0・III)

(58.8%). The first ulcer was found at 59 days after the MC-injection. Of the malig-

nant tumors, sarcoma was observed in 20 animals, which was palpable in all of them. 

Giant ulceration was noted in 2 of. 5 animals with adenocarcinoma, whilぞ inthe 

remaining 3 animals, neither tumor nor ulcer was distinct in the serous membrane 

and mucous membrane. Mucosal erosion was observed in 26 animals, one of which 

belonged to the splenectomized group. )Jo neoplastic change was observed macroscopically 

in the forestomach. 

( Il) Histological findings 
Following injection of l¥/IC into the anterior wall of the glandular stomach in raい．

round-cell infiltration and polynuclear leucocytic infiltration developed in the submuc仁川l

tissue at the site of injection. This was followed by uk七r;1tion,and then by adenomatous 

proliferation and/ or adenocarcinoma formation. In只omeanimals, sarcoma was noted to 

de ＼·《~ l op . The average life-span in the rat is helieYed to be from 2.5 to 3 ye;m, while 

animals in the present experiment survived to 607 cL1ys after the last MCーinjection. These 

animals were cliviclecl into the following 灯りup~ :mcl the histological changes in course of 
time were examined (Tab. 3). 

Group I received intramural injection of入K'and ethanol at the pylorus (M-I and 
0-I). 
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Group II received intramural injection of MC  at the pylorus and corpus (M-II and 

0-II). 

Group III received intramural injection of MC  and ethanol at the pylorus and splene・

ctomized (l¥1-III and 0-III). 

1) Group of intramural injection of M仁 andethanol at the pylorus, 272 animals (M・I

and 0・I) : 
Results in this group were as follow, 

* Adenocarcinoma 

Cancer-like invasive lesion 

Sarcoma 

Ulceration 

Adenomatous proliferation and adenoma 

Intestinal metaplasia 

Squamous-cell metaplasia 

3 (1.1%) 

48 (17.6%) 

6 (2.2%) 

82 

153 

10 

34 

(a) Adenocarcinoma was observed in 3 animals (223, 303 and 160 days after MC-

injection, respectively). 

本Animal 1 with adenocarcinoma autopsied at 223 days after the MC-injection (M-I) 

(Figs. 1, 2 and 3). In macroscopically, no tumor or ulcer was found in any part 

of the gastric tissue. In the microscopic examination, the mucous membrane of the 

glandular stomach was in marked hyperplasia and proliferation. A part of the connec-

tive tissue of the pyloric submucosa exhibited a high degree of round-cell and poly-

nuclear leucocytic infiltration. 

A proliferation pattern of cells indicating an atypical glandular structure was observed 

at this area. Cells constituting the atypical glandular structure had both nucleus and 

cytoplasma larger than normal and irregular in size. The nucleoplasma was coarse 

E,pl;ination of M』crophotographs

Figure 1. Adenocarcinoma of the glondular stomach of a rat 223 da、safter injection of MC rM-I). There 
is remarkable proliferation of atypical glan<lular epithelium at the base of the pyloric ulcer. The neoplastic 

lesion is invaded into the subsern回ltissue. in partially. Mucou只membraneto the above. Hematoxylin 

and eosin. ×28 

Figure 2λhigh-powered view of a portion of the at1・pical glands "h口wnin figure J. The cells composing 

this glandular叶ructureare irregular in size and shape, and also showed at)・pical mitosis. Hematoxylin 

and eosin. ×100 

Figure 3. This i＇弘 higherpower view of a戸川ionof figure 1 and 2. Hematox:>lin and eosin. ×400 

Figure 4. Adenocarcinoma of the glandular stomach of a rat 168 day> after injection of MC and splenect-

omy <CJ Ill). The neoplastic le剖onhas infiltrated into the snbserosal tissue of the glandular stomach. 

Mucous membrane to the above. Hematoxylin and eosin. ×28 

Figure 5. A high-powered view of an area of the al¥・pi仁川lglands in figure 4. Pr<>liferation of the atypical 

glands has extended through the muscu.lari、mucoswinto the submuco日. He111;it1店、linand eosin. ×JOO 
Figure 6. 九d~nocarcinoma of the glandular叶けm;ichwith liver m<・ta、tasisof d rat 149 days after inj~ction 
。fMC and splenectomy r ＜）寸ff). Invasion of the atypical glanヒlularepithelium with alveolar ,tructure 
has extended through gastric mucos且，musclelayer and serosa川tothe intra-hepatic ti"ue. Round-cell 

infiltration c;in al;o be問問 inthis lesion. Liver tissue to the left. Hematoxylin and eosin. ×28 

Figure 7. A high-pけweredview of an area of figure 6. 主t)pie" I glandular lesion occurring in the liver 

tissue. Htmat什＂＂Iin and eosin. ×100 

Figure 8. This is a higher卯werview of a portion of the atypical glandular structure ,hown in figures 

6 and 7. Hematoxylin and eosin. ×400 
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and had one or two nucleoli, and the cells revealed an irregular arrangement. 

*Animal 2 with adenocarcinoma autopsied at 303 days after the MC-injection (M-II). 

No particular lesions were found in the serosa of the glandular stomach and perigastric 

organs. There was also no evidence of tumor or ulcer formation at the mucous 

membrane of the glandular stomach. Presence of an adenocarcinoma in the muscle 

layer was observed microscopically. Atypical features of tissue were found including 

irregular size of the cells. Round-cell infiltration around the adenocarcinoma was 

evidenced. 

*Animal 3 with adenocarcinoma autopsied at 160 days after the MC-injection (0・I).

A wide and strong adhesion was present between the serosa of the anterior wall of 

the glandular stomach and the surface of the liver. A hard, grey and nodulated 

tumor was palpable on the serosa. An intense ulceration was noted on the mucous 

membrane of the pylorus, corpus and cardia. The base of the ulcer exhibited round-

cell infiltration. The tumor was found to be adenocarcinoma spreading in the submu-

cosal tissue histologically. 

(b) Cancer-like invasive lesion was noted in 48 animals. The invasion occured in the 

period from the 59th (Figs. 12 and 13) to the 598th day after the MC-injection. 

Fairly wide ulceration was generally present from the mucous membrane of the pylorus 

to the corpus. Adenomatous proliferation of cells were observed in some areas from the 

ulcer surface to the deeper layers. The adenoma cells were somewhat irregular in size. 

The nuclei were round, oval or irregular shape and had clear nucleolus and nucleoreticulum 

配 casionally. 

The ulcer base had a proliferation of granulation, fibrous and hyalinized conne仁tive

tissues, and also firmly adhered to the liver. The granulation tissue had invaded deep 

into the hepatic lobules in an irregular manner, and was proliferating there. The liver-

cell-trabecula was in very disordered arrangement, with liver-cell proliferation here ・and 

there. The glandular epithelial cells around the ulcer exhibited varying degrees of hyper-

plasia. The liver tissue indicated degenerative atrophy of cells. The lumen showed stenosis 

due to hyper~lasia of the blood vessel intima. 
The mucous membrane of the glandular stomach was thickened, especially at the 

Figure 9. Cancer-like invasive bion of the glandulaτstomach of a rat 87 days after injection of MC and 
splenectomy CM-ill). There are remarl《ableproliferation of pyloric glandular cells with slight atypicality 
from the superficial layer of the ulcer intり thesubmucosal connective tissue. At the upper left of the 
illustration a part of the intestinal metaplasia is present. Hematoxylin and o:-osin. x 28 
Figure 10. A high-powered view of an area of atypical glandular lesions is shown in figure 9. The nuclei 
and cytoplasms are irregular in size and shape. Hematoxylin and eosin. x 100 
Figure 11. This is a higher power view of a portion of figure 10. Hemato冷 linand eosin. ×400 
Figure 12. Cancer-like inva川velesion of the glandular stomach of a rat 59 days after 1日j~ction of MC 
CM・I).Proliferation of atypi山 lglandular cells of the pyloric mucous membrane (ulceration) occurring 
in the submucosal connective ti附ue. Infiltration of the inflammatory cells can also be seen in this 
lトion.Mucous membrane to the left. Hematoλylin and e<hin. ×28 
Figure 13. A high-powered view of atypical glandular structure is shown in figure 12. Mucous membrane 
to the left. Hemato町linand eosin. x 100 
Figure 14. Cancer-like invasive lesion of the glandular stomach of a rat 198 days after injection of MC and 
splenectomy (0・JI[). At the upper right of the illustration a part of the ulceration (regenerated epithel-
ium) is present. Hematoxylin and四sin.x 100 
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corpus. Infiltration of round-cells and polynuclear leucocytes was observed from the 

submucosal connective ti~；；； ue through muscle layer to the serosa. 

vVhen the abm・e changes were limited in the submucosa and muscle layer, as a rule, 

neither breaking through the serosa nor invading to the other organs, or when the cells 

were atypic, irregular in size and disarranged compared to adenocarcinoma, the histological 

picture was designated as cancer-like invasive lesion or cancer-like invasion. 

(c) Sarcoma was noted in 6 animals at 282, 386, 432 (Figs. 18, 19 and 20), 441, 

54 7 and 486 days, respectively, after the MCーinjection. The tumors were all large, hard 

and round in form. In nべp伏、ito the mucous membrane, pyloric obstruction and secondary 

dilatation of the stomach were noted in many of the animals. Gastro句hepaticadhesion 

was noted to be present in high degrees. 

Marked hyperplasia and proliferation of the glandular gastric mucosa were observed. 

The tumors were generally present from the submucosal muscle layer to the serosa. The 

nuclei of the tumor cells were oval or irregular in shape, being also variable in size. 

They generally had scanty nucleoplasma, exhibited coarse chromatin mass, and occasionally 

one or two distinct nucleoli. The cytoplasms were present in abundance; their shapes 

were generally oval, round or irregular. Among the atypical cells, giant cells with two 

or three nuclei were mixed occasionally exhibiting mitotic figures. Some of the tumors 

showed heavy bleeding and necrosis. Some parts of these tumors consisted of highly 

polymorphous cells, while the other parts consisted of spindle-shaped cells or long-oval 

-shaped cells of varving宍izeand shape, and they were arranged in various directions in a 

complicated appearance, closely resembling that of spindle-cell sarcoma. 

Interstitial connective tissue was very scanty, only fine fibrous connective tissue being 

observed. H()¥ve¥・er, silver-impregnated specimens showed a picture of very abundant 

argentaffin fibers in proliferation. The above mentioned findings of the 6 animals led 

to the diagnosis of polymorph-cellular sarcoma. 

(d) Ulceration was observed in 82 of the animals belonging to this group. The main 

Figure 15. Polymorph-cellular回rcomaof the glandular stomach of a rat 214 da,., after injection of MC 
and splrn代 t<my (M-III). Invasion of the川 rcomaιellshas extended through the ;<ubmucosal connective 
tissue into the sero阻 :'l!ucous membrane to the above. Hema七四yl;nand eosin. x 28 
Figure 16. A high-power研lview of an area れfthe neoplastic lesion with giant cells shown in figure 15. 
In the group cf strongly λtvpical cells, giant cells ¥¥ith 2 to 3 nuclei are mixed, and is exhibiting 
mitotic figures. Hematoxylin and eosin. x 100 

Figure 17. 主 high-poweredview of an ar町1of nec<pl，時ticlesion with spindle-shaped cells shown in figure 
15. Hemntoxylin and eosin. ×100 

Figure 18. Polymorph-cellular sarcoma of the glandular ,¥omach of a r日t432 days after injection of MC 
( 0-l J. This neoplι川 lιlesionoccured in the submucosal connective tissue. The cells are polymorphic. 
Mucous membrane to the left. Hematoxylin and eosin. ×28 
Figure 19. ;¥ high-powered view of耳iantcells shown in figure 18. Hematoxylin and eosin. x 100 
Figure 20. ¥ high-powered view川 aportion of figure 18. Remarkable proliferation of an nrgentaffin 
fibers is occurring in the interstitial cのnnectivetissue. Silver impregnation. ×JOO 
Figure 21. Liver me旬、tasisoccurring by polymorphにellular臼rcomaof gla口dularstomach of a rat 190 
days after injection of MC and splenectomy rM-111 ). The neop¥:i,tic lesinn is invaded into the intra-
hep・1tic ti"11e. Liver ti臼ueis in the ab：パe Hema to川 linand eosin. x 28 
Figure 22. .¥ high-p>wered viぞ札口fa portion of the Ii ver metastasis shown in figure 21. The nuclei and 
cytoplasms are irregular in size and shape. Hematoxy Jin and eo引n. x 100 
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change in these animals was defect in the mucous membrane. Some showed pronounced 

proliferation in glandular structures without being accompanied by atypical prolif era ti on 

and other malignant changes of the cells. Most of the ulcers developed at the pylorus 

where MC  had been injected, and in some cases, extended to the corpus. The mucous 

membrane around the ulcers was markedly thickened, showing reactive hyperplasia and 

partly exhibiting adcnomatous proliferation. Some of the ulcers seem to haYe the nature 

of tumors. The surface of the ulcers were covered with necrotic tissue. Fibrous, hyali-

nized connective tissue proliferation was also noticeable. The base of the ulcer was a 

thick granulation tissue proliferation with small round-cell infiltration. lnten~e adhesion to 
the liver was found in many of the cases. Degeneration, atrophy, and loss of Ii¥ er-cells 

were observed. The liver-cells exhibiting degenerative atrophy were divided in two or 

several cell-groups. The bile duct in the hepatic lobule also presented intense prolif era ti on. 

(e) Adenomatous proliferation or benign adenoma formation was noted in 153 animals 

(Figs. 23 and 24). The first observed was at 14 days after the 恥・IC-injection. The 

mucous membrane at the site of injection, one or two days after the MC寸njectioninto 

the submucosa of the glandular stomach, showed mild hyperplasia compared to the normal 

gastric mucosa. 

The fibroblastic proliferation and the round-cell infiltration wer~· observed in high 

degree from the muscularis propria to the submucosa at the injection area, occasionally 

making it difficult to discern the glandular structure. Seven to fourteen days after the 

MC-injection, the glandular cavity between the muscularis propria and submucosa became 

larger with some decrease in the round-cell infiltration, and the glandular structure was 

a little more distinct. A part of the glandular structure was found to extend near to 

the lamina muscularis mucosae. The cytoplasma of the individual cells constituting the 

glandular cavity was lightly stainable with eosin, cylindrical in form, and had relatively 

Figure 23. Adenomatous prolifer；ι1tion of the glandular stomach of a rat 63 days after injection of MC 
(0・I),showing papillary growth of the glandular epithelium at the pyloric mucosa. Hematoxylin and 
eosm. x28 
Figure 24. A hi邑h-po¥¥'eredview of a portion of figure 23, showing atypicality of theぽ llsand glandト
Mucous membrane to the left. Hematoxylin and eosin. ×100 
Figure 25. Adenomatous proliferation of the glandular stomach of a rnl 177 days after in)Octicn of :'v1（‘ 
(M-11). This shows the glandular 'tructure surroundin宮 by the capsule comp口sedof connective 
ti出uein the fundic muscle layer. Mucous membrane i, in the above. Hemat竹町linand 町市in.
×28 
Figure 26. Adenomatous prolifeiatiけnof other parb of figure 25. Proliferation of the pyloric glaudular 
cells is extended through the muscularis mucosae into the serosa. Mucous membrane is in the above. 
Hematoxylin and eosin. x 28 
Figure 27. A high-powered view of a portion ot the glandular structure at the muscularis muc口組eshown 
m figure 26. Mucous membrane to the left. Hematoxylin and eosin. ×100 
Figure 28. Adenomatous proliferation of the glandular stomach of a rat 484 days after injection of :¥IC 
(M-11). Proliferation of glands and cells occurring in the pyloric submucosal ti出ue.Mucous membr川 e
is in the above. Hematoxylin and eosin. x 28 
Figure 29. A high-powered view of the glandular structure at the submucosa shown in figure 28, showmg 
shght atypicality of the glands and cells. Hemato吋linand eosin. x 100 
Figure 30. Intestinal metaplasia in the pYlorus of the glandular stomach of a rat 399 days after injection 
of MC (0-Il. There is an intestinalization of the epithelium at the [J¥'loric mucous membrane. 
Hematoxylin and eosin. x 100 
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indistinct cell contours. Atypy was not pronounced, and cell arrangement was not so 

irregular. The nucleus was generally located at the center of the cell, with one or two 

nucleoli deeply stainable with hematoxylin. There was scarcely any irregularity in the 

sizεof the nucleus. Occasionally, the nucleus was somewhat large for the protoplasma, 

and its shape was also irregular. 

Twenty to fifty days after the MC-injection, the glandular structure at the gland-base 

of the gastric mucosa adjacent to the site of injection, continued to proliferate further and 

extend to the lamina muscularis mucosae, some proceeding further into the submucosal 

tissue and proliferate there (Figs. 25 and 26). But, the irregularity in the size of the 

nucleus and the arrangement of cytoplasms were observed not so often. 

Seventy days after the MC-injection, the glandular tissue proliferated through the 

lamina muscularis mucosae into the submucosal tissue, further to reach the muscularis 

propria or subserosal tissue. At the same time the connective tissue around the glandular 

structure was also seen to proliferate. 

About 100 days, the adenomatous proliferation was so intense that the glandular 

structure presented now irregular arrangement and shape in some instances. In these 

changes the adenoma and the adenomatous diverticulum were included. These epithelial 

cells were generally cell-groups surrounded by fibrous connective tissue in the submucosal 

muscle layer. The protoplasma of the individual cells constituting those cell-groups was 

eosinophilic and had oval or somwhat irregular shape. The nucleus was round and 

relatively rich in chromatin and possessing one or two distinct nucleoli. These cells 

constituted glandular structure and formed several cell幽groups. There were very few 

mitotic figures to be seen. 

(f) Intestinal metaplasia was observed (Fig. 30). When MC-suspension or -emulsion 

acted directly upon the stomach wall of rats, the gastric mucous membrane indicated 

inflammatory changes such as small round-cell and leucocytic infiltration, followed by the 

ulcer formation and adenomatous proliferation in the glandular portion of the stomach. 

Then, the epithelial cells regenerated to cover the ulcerated surface. The regenerative 

epithelial cells at the ulcerative area occasionally exhibited atypical proliferation, which is 

considered sometimes to persist in that state over a long period of time, and at other 

times to change eventically into carcinoma cells. Thus, a series of changes, i. e., from 

normal through ulceration and regeneration (metaplasia) to cancerization, was conceivable. 

When the carcinogenic agents acted insufficiently in quantity or also in the period of 

time, cancerization of the metaplastic cells would not have occured. The carcinogenic 

agent has an activity to initiate metaplasia of the cells. In the present experiment, 

intestinal metaplasia was not highly malignant in any of these animals. 

(g) Squamous-cell metaplasia was noted in 34 animals, mainly involving the mucous 

membrane from the bordering part between the forestomach and glandular stomach to 

the corpus. These squamous epithelia generally exhibited much cornification, presenting 

much proliferation of prickle cells. This condition was occasionally accompanied by 

proliferation of submucosal connective tissue and infiltration of polynuclear leuc凹 ytesand 

plasma cells. 

2) Group of intramural injection of MC-at the pylorus andcorpus, 4 7 animals (M-II 
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and 0-II) : 

This group was given 0.01 cc (0.4 mg) each of 4% MC-suspension or ・emulsionat 

two sites, i. e., at the pyloric portion and fundic portion of the glandular stomach. The 

results were as follows, 

Adenocarcinoma 

Cancer-like invasive lesion 

Sarcoma 

Ulceration 

Adenomatous prolif era ti on and adenoma 

Intestinal metaplasia 

Squamous-cell metaplasia 

0 
2 (4.2%) 

2 (4.2%) 

19 

30 1 2~ ~n pylorus¥ 
¥ o m corpus ; 。
6 

(a) As for the malignant changes, there was no evidence of adenocarcinoma, nothing 

more than the occurrence of cancer-like invasive lesion in two animals and polymorph-

cellular sarcoma in two animals. 

(b) Adenomatous proliferation was observed at the pylorus in 24 animals and at the 

corpus in 6 animals (Figs. 25, 26, 27, 28 and 29). The changes were especially 

conspicuous at the pylorus. This indicates markedly different sensibility to MC  betwe~n 

the pylorus and the corpus. The pylorus of the stomach, thus, seemed to be far more 

sensitive to MC  than the corpus, which coinciding with the fact that the gastric lesions 

in man were found more often at the lesser curvature of the pylorus. 

3) Group of intramural injection of MC  and ethanol at the pylorus, and splenectomy, 

85 animals （恥1-IIIand 0-III) 

The following changes were observed in this group, 

Adenocarcinoma 

Cancer-like invasive lesion 

Sarcoma 

Ulceration 

Adenomatous prolif eraion and adenoma 

Intestinal metaplasia 

Squamous-cell metaplasia 

2 (2.3%) 

25 (28.8%) 

12 (14.1%) 

48 

65 

5 

8 

(a) Adenocarcinoma was observed in two animals, one at 168 days after the MC-injec-

tion (Figs. 4 and 5) and the other, 149 days (Figs. 6, 7 and 8). In both animals the 

preseace of giant ulcers were noted on the mucosa surface of the corpus and pylorus. 

Adhesion of high degrees was observed at the anterior wall of the glandular stomach and 

the liver surface, with conspicuous thickening of the mucous membrane of the glandular 

stomach. Tumors observed microscopically in the submucosal connective tissue exhibited 

atypy and irregularity in size and arrangement of the cells. 

Cancer-like invasive lesion, adenomatous proliferation and invasion into the liver tissue 

were noted in some cases. A continuous infiltration of atypical glandular structure beg-

inning on the surface of the ulcer, penetrating the muscularis mucosae and serosa, and 

proceeding into the liver parenchyma, were observed. This was interpreted to be glan-

dular epithelial cell of the stomach, which might be infiltration of adenocarcinoma into 

the liver tissue (Figs. 6, 7 and 8). 
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(b) Twelve animals of this group exhibited sarcoma (Figs. 15, 16 and 17), which like 

those occurring in the non-splenectomized group was polymorphous sarcoma. Hepatic 

metastasis was observed in eight of twelve animals (Figs. 21 and 22). 

(c) Cancer-like invasive lesion was noted in 25 animals (Figs. 9, 10, 11 and 14). 

There was not much difference in the histological picture from the changes observed in 

the non-splenectomized group. The incidence of adenocarcinoma, sarcoma and cancer-like 

in¥'asi吋 lesion,however, was far higher in the present group than in the non-splenecto-

mized group. The incidence of adenomatous proliferation and intestinal metaplasia which 

are considered to be precancerous changes also seemed to be a little higher in the present 

group than in the non-splenectomized group. This may be attributed to the promotion of 

tumor cell prtoliferation due to the deficiency in splenic functions caused by splenectomy. 

Post-operative growth and increase in body weight seems to be much less in the splene-

ctomized group than in the non-splenectomized group. Besides, many of the splenectomized 

animals died shortly after the operation. This may be due to decrease of general resistance 

as a result of splenic disfunction (Tab. 4 and 5). Aメ presentedin Tab. 3, the mピtastasis

of malignant tumors to the liver seems to appear more freqently in the splenectomized 

Table 4 
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group. 

In the present experiments, there was no great difference in the incidence of malig-

nant tumors between the methocel-suspension group and the olive-oil-emulsion group. 

Table 5 

Ade九O乙a.rcino••

Cu，山町一l·h>•
＇＂ν~SlOn.. 

Sare。ma.

Adenoma.t，。us

Fγ。llt<r,.t；，。礼
& 

Adenoma 

lntest.nal 

meto.plui<i 

也＝ No" sple叫eιt。mi3ed~向upt門z•. 01.4) 

E二コ Splencctomι3ed 9roup <Na. 0• >

5 10 15 

DIS仁USSION 

% 
20 

Attempts to produce adenocarcinoma experimentally in the stomach of mice and rats, 

which seldom shows spontaneous growth of stomach cancer (8, 54, 62), were first 

reported by WATERMAN (1936)61¥ ROFF (1938)4.－＇〕， etc. They were able to produce 

squamous-cell carcinoma in the forestomach by oral administration of cholesterol or heated 

oil to rats, but, they could not produce adenocarcinoma. Many other experiments were 

made subsequently by oral administration of various carcinogenic substances (mixed oil, 

tar mixture, aniline oil and toluylene-diamine etc)60). Most of these experiments produced 

lesions in the forestomach, but very rarely produced adenocarcinoma. 

Carcinogenic agents are thus known hardly able to give rise to gastric adenocarcinoma 

in rats by oral administration. This phenomenon was explained by HOLLANDER (1944) 

叫 l9l, lVY (1945）別l, STEWART (1953)52¥ etc. as follows : The glandular stomach is 

covered with the mucous membrane and its epithelia are more resistant than those of the 

forestomach. Furthermore, orally administered carcinogenic agent may flowout of the 

glandular stomach rapidly without doing much harm on it. Therefore, several attempts 

were made, to keep the carcinogenic agent in direct contact with and to act upon the 

mucous membrane of the glandular stomach for a long periods of time in order to induce 

gastric carcinoma with it. 

HARE, STEWART, BENNETT and LORENZ17) injected 0.02 cc of 3% aqueous suspension 

of MC (containing 0.6 mg of MC) into the submucosal tissue of the glandular stomach 

of rats and produced adenocarcinoma in 4 of 265 animals (1.5%) after 11 to about 35 

months. The author employed a technique similar to the method by STEWART et al. 17' 

26,H，岨パいo,53)_ That is, 0.0lcc of 4% aqueous suspension or emulsion of MC  and O.Olcc 
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of 90% ethanol were injected into thピ sulコmucosaof the glandular stomach of rats. 

Production of adenocarcinoma were in 2 of 85 splenectomized animals and also in 3 of 

319 non-splectomized animals by this method. 

Adenomatous proliferation induced by intramural injection of MC was presumed by 

::>TE¥¥'ART, HARE, BENNETT and LORENZ (1952) in, MORI et al. (1955) 33,3リ tobe a 

precancerous lesion, and also in the present author's preparations, similar cytological changes 

were obsen・吋. KoNJETZNY"3・24) and :'vloszK01ncz30) regarded importance to the regene司

rative process of the epithelium in gastritis or gastriじ ulcerativelesions. OoTA •3i stated 

that normal gastric epithelium could convert systematic metaplasia into an accessory cell, 

or into an epithelium of gastric foveola, or into an intestinal epithelium, and that any of 

the哨 cellscan metaplasiate into an indifferent cell. Further, he considered that there is 

a close relation between metaplasia and cancerization. MURAKAMI30•31·3"l and MORSON3;,3si 

pointed out a transforming point from metaplasia of an indifferent cell or intestinal 

epithelium into gastric carcinoma, and they suggested this point to be the origin of cancer. 

It has rヒcentlybeen increasingly ascertained with progress of studies on early tumors that 

metaplasia takes place prior to cancerization. 

Mo RI et al. ( 1955) :ioi administered MC to r山 bythe oral route and produced 

<tdenomatous proliferation with intestinal metaplasia, which they recognized to be a step 

of cancerization. In the presentぞxpげ iment, intestinal metaplasia was observed in ten of 

the non-splenectomized animals and in five of the splenectomized animals. 

HARE, STEWART, BENNETT and LORENZ (1952) l7) injected the same dosage of MC 

simultaneously into the fundic and pvloric portion of the glandular stomach wall in rats 

and noted higher inじidenceof adenocarcinoma and abenomatous proliferation at the pyloric 

portion. According to them, this is similar to the fact that gastric lesions in man occur 

more frequently in the pylorus than in the cardiac portion of the stomach. They empha-

sized differ叩 cein the sensibility to carcinogen between the fundic and pyloric portion of 

the stomach. Thじ presentauthor's experiments also found such lesions as adenocarcinoma, 

出1rcoma, cancer-like invasive lesion, ulceration and adenomatous proliferation occurring 

much more frequently at the pyloric region. 

It is often difficult to diagnose histologically whピtherexperimentally produced hyper-

plasia of gastric glandular epithelia is benign or malignant. Apart from instances in which 

metastasis to lymph nodes and to other organs is evident, it is dangerous to diagnose a 

heterotropic, atypical proliferation to I〕ピ acancer. STEWART et al.51) were very cautious 

in the judgement of the町 lesions,and they instituted the following criteria for histological 

diagnosis. They indicated that the term“carcinoma" implies the following conditions : 

namely, the epithelial neoplastic cells have infiltrated all coats of the stomach wall and 

extended onto the忙rosa. The term “precancerous lesion" was defined to indicate the 

following conditions i. e., atypical neoplastic 仁ellsare observed in the gastric mucosa, 

submucosa and muscularis mucosae, but not reaching the serosa and not being accompanied 

by metastasis. The present author considers precancerous lesions in its broad sense as 

adenomatous proliferation and intestinal metaplasia. 

It has long been known since the reports of BrELINGり，八日LHOFF l)' NEUFELD41', SINGER 

and ADLER川（1923・1924), that the spleen participates in the production of antibodies 
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and thus plays an extremely important role in once-immunity. It has been demonstrated 

experimentally and clinically by LUBARSH川， BRAUNSTEIN'), DI BIASI ・i, YoKOHATA65) 

(1926-1930) and others that malignant neoplasms, primary or secondary, occurs vヒry

rarely in the spleen. BRODA 7l, BRAUNSTEIN5l, APO LANT＇ペ OsERand PRIBRAMH¥ TANAKA 

50•3~1 and SHIMURA et al.00l reported on the effect of the spl亡enupon the proliferation of 

neoplasms and concluded that splenic insufficiency promotes prolif era ti on of tumors. 

Splenic insufficiency was reported by AZUMA et al.わ toinhibit tumor proliferation. 

BISCHOFF and MAXWELL9¥ ROHDENBURG叫， MEYERiol, FuJINAWA 15) said that there 

was no effect upon the tumor proliferation. A recently released report stated that the 

reticulo・endothelialsystem has activity against spontaneous neoplasms and malignant tumors 

induced by chemical substances. IWASE and FuJITA"1•39•57•33l stated that, in liver cancer 

produced in rats by means of azo-dye, pretreatment with trypan-blue injection lessens the 

amount of protein-bound dye in the liver tissue than in the controls, delays the production 

of the tumor, and makes the degree of malignancy lower. The difference observed 

above were believed by lw主SEand FuJIT A to be ascribable to the early enlargement of 

the cells of the hepatic reticulo『endothelialsystem, and also to the proliferation of the 

reticulo-endothelial cells and histiocytic cells due to the administeτed trypan-blue. 

It was also found by the clinical experience that, in the total gastrectomy performed 

on patients with gastric cancer, the exstirpation of the regional lymph nodes often make;; 

it unavoidable to carry out splenectomy. 

As compared with total gastrectomy alone, the gastrectomy with concomitant 

splenectomy is known to bring about earlier deterioration of the patient’s general conditions 
and earlier recurrence of neoplasms. It is reported that there can be seen the appearance 

of more undifferentiated cell types in recurrence than in the primary lesion. The rapid 

exacerbation in general conditions and the extremely rapid progress in neoplastic prolifer-

ation may be considered to be an outcome of splenectomy.λII these facts suggest the 

presence of defensive mechanism in the spleen and reticulo-endothelial system against 

malignant tumors. 

The most important thing in the management of gastric cancer at present is a radical 

operation involving exstirpation of the regional lymh nodes. This surgical management is often 

performed at the sacrifice of the spleen. In order to inhibit neoplastic growth and to reinforce 

surgical management, concomitant use of carcinostatic agents or radiation therapy is 

carried out as a recent tendency. For better results of gastric cancer treatment and for 

prophylaxis of its recurrence, the relationship between gastric neoplasms and spleen or 

reticulo-endothelial system has to be understood more profoundly than it is at present1Jl. 

In the present experiment, the incidence of gastric malignant tumors including the 

lesions above mentioned, was much higher in the splenectomized group than in the non-

splenectomized group. Inhibition of post晒operative growth and shorter survival were 

observed more distinct in the splenectomized group (Tab. 4 and 5). 

CON仁LlTメION

In order to establish what factors are responsible for the production of malignant 

gastric neoplasms experimentally, author performed experiments with Wistar-strain rats 
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which are known to have a low incidence of spontaneous gastric cancer. The present 

experiment was performed by the following techniques i. e., injection of carcinogenic 

agent MC  into the submucosal tissue of the glandular stomach, blocking of the reticulo-

endothelial system by splenectomy, and use of various solvents of MC, local injection of 

ethanol, etc. 

The results obtained were as follows : 

(1) Malignant change~ were observed in 61 of 319 animals not subjected to splenectomy. 

The 61 animals consisted of 3 with adenocarcinoma, 8 with sarcoma and 50 with cancer-

like invasive lesion. Precancerous changes were noted in 193 animals, consisting of 183 

with adenomatous proliferation and 10 with intestinal metaplasia. In contrast to the above, 
malignant changes were observed in 39 of 85 animals subjected to splenectomy, consisting 

of 2 animals with adenocarcinoma, 12 with sarcoma and 25 with cancer-like invasive 

lesion. Precancerous changes were noted in 70 animals, consisting of 65 animals with 

adenomatous proliferation and 5 with intestinal metaplasia. 

The figures quoted above indicate that malignant changes and precancerous changes 

had far higher incidence in the splenectomized group than in the non-splenectomized group. 

Liver metastasis was observed in 8 animals with sarcoma and in 2 with adenocarcinoma 

of the splenectomized group, and in only 2 animals with adenぽ arcinomaof the non-

splenectomized group. Besides, the post-operative body growth was generally poorer and 

sur、ivalshorter in the splenectomized group. 
These findings indicated that splenectomy potentiate carcinogenesis, proliferation of 

tumors and metastasis. This unfavorable result seems to be ascribable to decrease in 

general resistance of the animals subjected to splenectomy. 

(2) As for the variety of solvents, the incidence of malignant gastric neoplasms was not 

found particularly different between the group of methocel-suspension and the group of 

olive-oil-emulsion. 

(3) The author’s experiments have shown that malignant and precancerous changes 

occur more often in the pyloric than in the fundic portion of the glandular stomach. 

(4) In somヒ ofthe animals exhibiting intestinal metaplasia, pictures of atypical growth 

of cells were observed. This may be taken to endorse the general interpretation of 

intestinal metaplasia as a precancerous lesion. 
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和文抄録

実験的胃悪性腫蕩の発生に及ぼす細網内皮系の

影響に関する研究

京都大学医学部外科学教室第二講座

（指導：青柳安誠名誉教授 ・ドlr.'J≫司教授）

小｜嶋席

現在胃癌に対して所属淋巴節を含む広範な手術療法 (VI) 4% :w、オリーウ・泊乳ft!JO.Olccと909五Ethanol
が最も重要であり，その際牌摘が行われる事も多いの 0θleeを幽門部に注入し牌摘を併せて行った群 （0ー

であるが，他方p 生体の防禦機能を司る牌p 淋巴腺等 JI[ : 48匹）．

の網内系の遮断に依る生体の抵抗力滅弱の点も考慮、 上記の各処置群を経時的に肉眼的，組織学的に検索

しなければならない。そこで癌原物質 i¥'lethylcholan- し次の様な結果を得た．

threne (MC）を含む水性浮世岸液或は乳剤を Wi只tar系 Ill 非牌摘群319匹中＇ 61例に悪性変化（腺癌3肉

白鼠の腺胃粘膜下組織に注入し更に Ethanolの局所同 腫8.癌様浸濡50）を＇ 193例に前癌性変化（腺腫微増

時注入，或は網内系遮断（牌摘）等の処置を併用しP 殖183.腸上皮化生10）を来たした． これに対し，牌摘

実験的胃悪性麗揚の発生に如何なる因子が関与するも 群85匹中39例に悪性変化（腺痕2. 肉腫 12.癌様浸潤

のかを追求する目的で次の実験を行った。 f!:Pち＇ 4 % 25）を＇ 70例に前癌性変化（腺援様増殖65.腸上皮化

MC-Methocel-Suspension群（M群）と 4% ¥H.‘Olive 生 5）を得た．これに依って牌摘群に於ては慈性変化

Oil-Emulsi"n群［（）群）とに大別しP 更に次のわTiな処 及び前癌性変化の発現が非牌摘群に比較して温かに高

震に依り 6群に分った。実験有効動物数は 404匹であ い事が判明した．叉腺癌p 肉腫の転判こ就いても同様

った． でP 非牌摘群では全く肝転れがみられなかった．更に

CI) 4 % 1'v1C、水性浮i弊液O.Oleeと90% Ethanol ふ牌摘群では一般に術後の成長が阻害せられp 生存

O刷 eeを同時に腺胃幽門部粘膜下組織内に注入した 期間が短かかった．此の事は結局， IW摘に（ムあ牌臓機

群（M-I:143匹）． 能の脱若年の為に全身抵抗力の抵下を4くたし，腫疹の発
(ll) 4 % ¥1(' オリーヴf由乳剤 O.Dleeと90% 生及び憎哨転れを促進せしめる結果に基くものと推察

Ethanol 0.0leeを同時に幽門部粘膜下組織内に注入し される．

た群≪！－I:129匹）． 121 溶剤の種類に就いては＼'fethocel-S川、Jl{'l1<i1111苦手

(II[) 4 % MC  1kf'i:i主，f，ト液 o.Olee宛を胸門部及び とOlive-Oil-Emulsion群との間に悪性腫疹の発生来に

休部に佐々注入した群 （¥1-ll: 35匹）． 大差は認められなかった．

(IV) 4 % MCオリーヴ油乳剤 O.Olee宛を幽門部 凶悪性変化及び前癌性変化が胃｛↑J引にjb絞して幽

及び（字削こ各々注入した群 r()-11 12匹）． 門部に多く認められた．

「V) 4%:v!C水性浮滋液0.01ee と90%Ethanol (4) 腸上l支化生を 来たしたものの中には異型細胞地

O.Oleeを働門部に注入しP 更に隣摘を併せて行った群 殖を示すものが認められた．

c:vr-:m : 31匹）．


