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Summary 

96 rat neurogenic tumors were induced by transplacental administration of ethylnitroso-

urea (ENU) in late foetal life. 

In most cases histological diagnosis was either malignant neurinoma (41%) or malignant 

oligodendroglioma (25%). 

Dimethylbenzanthracene administrated in the seme way as ENU failed to induce the 

neurogemc tumors. 

Seven END-induced neurogenic tumors were maintaned in serial transplantation. In 

the first transplantation generation some tumors having the same histological pattern showed 

marked differences in the growth speed. This might depend on the strength of the expr-

ession of the antigenicity of each tumor. After the second generation, each histologic 

type tended to exhibit the same latency and lifespan. 

Introduction 

Since th巴 reportof DRUCKLEY5), many types of tumor have been induced by different 

nitroso-derivatives in various strains of animals16)2Il. Although each derivatives has different 

optimal conditions for induction of tumors, all are organotropic. Irrespective of the route 

of administration, these chemicals mainly induce nervous system tumors, and are most 

effective in rat. 

For comparative study of tumors in the human nevous syrstem, the transplacental admini-

stration of ENU provides an interesting approach. Almost all rats given certain amounts 

of ENU in the late embryonal period develop nervous system tumors in adult life. 
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Many investigations have attempted to clarify the oncogenic properties and neurotro・

pica! nature of nitroso-derivatives, because their tumorigenic patterns and histological appe・

arances are quite similar to human intracranial gliomas14> 

Materials and Methods 

Rats : Inbred Wistar/AfHanMo!Fib. (Wistar/Fib.) rats of two to three months old 

were obtained from our animals colony maintained under 'minimal disease' condition at 

the Fibiger Laboratory. 

ENU was obtained from Nakarai chemicals (Kyoto, Japan). 

Induction of nervous tumors : 60 mg/kg of ENU was injected intraperitoneally in 

pregnant rats in the third stage of g巴station.ENU was first dissolved in ethanol and then 

with 10 volumes of phosphate buffer solution (PBS). In some rats dimethylbenzanthracene 

(DMBA) (15mg/kg) was injected in the same way as ENU in order to reexamine NAPALKOV’s 

report13>. 

The offsprings w巴reobserved until spontaneous death or until the preterminal stage. 

The postmortem examination included inspection of the cranial cavity and spinal canal and 

removal of the brain and spinal cord. All tumors were巴xaminedhistologically. This study 

concerns llO rats which di巴dor were killed in the preterminal stage. Rats ag巴dless than 

three months at death were not included. No tumors were demonstrated in these animals. 

Transplantation of tumors END-induced neurogenic tumors were transplanted by 

subcutaneous inoculation into newborn syngeneic Wistar rats. Serial transplantations were 

c:arried out in 2-3 month old recip悶1tsof both sexes. The tumors to be transplanted were 

cut into small pieces with scissors and suspended in PBS. In quantitative studies single 

cell suspensions were prepared by mild homogenization of the tumor pieces in a Daunce 

glass homogenizer and filtration through a monolayer nylon mesh (pore size ; 80μ). Tumor 

cells were then count巴dwith hemocytometer. 

A spontaneous mammary tumor which originated in a non-treated Wistar rat was also 

transplant巴din the same way. 

Explantation and cultivation of tumors : Small (1・2mm)pieces of tumor tissues were 

placed at the bottom of T-25 or T-75 plastic Falcon flasks and preincubated for 1-2 hr at 

37°C under 5% C02. When a liquid medium was added carefully to the cultures after 

preincubation, most of the explants remained fixed to the bottom. The medium (Fib 41B) 

was a modification of Eagle’s medium CMEM), with a two-fold concentration of aminoacids, 

a four-fold concentration of vitamines and glutamine, and a 35% higher glucose concentration. 

This medium was fortified with 150ο foetal calf serum (FCS). The cultures were incubated 

in a humid 5% C02 incubator for varying periods of time. For subcultivation, the cells 

were brought into suspension with the aid of trypsin. The medium was renewed 2・3times 

wee.k)Y,:i,., 
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Results 

Tumor induction : Thirty pregnant rats were divided into ten groups, of which nine 

received a single i.p. injection of ENU and one received DMBA. These rats produced 183 

offspring (83M, lOOF), of which 160 survived for more than 3 months. These were ob・ 

served for 115-509 days. 

In the ENU groups, 110 rats (50M, 60F) have so far died or been killed in the pre・ 

terminal stage. 

In 99 rats (47M, 52F), a total of 110 tumors were found. The location of these tumors 

and their occurrence in male and female rats are summarized in Table I. In most cases 

the histological diagnosis was either malignant neurinoma (41%) or malignant oligodendro・

glioma (25%), but mixed gliomas, astrocytomas, ependymomas and meningiomas were also 

seen. 

Tumor Induction by Ethylnitrosourea Table. I. 
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Classification and Latency Period of END-induced Tumor 
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Table. II. 
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「brain I ~pinal c吋 al－一高見
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* Cases refers to the number of tumors not of rats. 
In 99 (47M 52F) rats a total of 110 (51M, 59F) tumor was found. 
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DMBA failed to produce the neurogenic tumors, but one abdominal adenocarcinoma was 

produced. 

Classification and latency period are shown in Table II. There was no sex predomi-

nancy, and no differences in latency period between central (CNS) and peripheral nervous 

system (PNS) tumors. 

Tumor Tranゆlantationand Explantation : 

A total of 12 END-induced neurogenic tumors and one spontaneous mammary carci-

noma were transplanted into newborn rats. The results are shown in Table III For most 

tumors approximately lx107 cells were injected subcutaneously. For tumor T6, each received 

only 8. 5xl0' cells, which may explain the negative result. The rats injected with T12 died 

Table. DI. Summary of Transplanted Tumors 
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Fig. 1. Tl tumor transplanted in vivo 
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Fig. 2. Section of Tl tumor 
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of unknown causes. The remaining 9 neurogenic tumors were transplantable in newborn 

animals (Fig. 1, 2), and seven were transplantable in adult recipients after the second 

transplant generation. Mammary carcinoma was also easily maintained in serial transplan-

tat10n. 

The latency periods in the first generation of transplantation varied considerably with 

the histological diagnosis. Usually CNS tumors showed a longer latency period than PNS 

tumors. However, in the second g巴neration,this period was markedly reduced, and each 

histologic type tended to keep the same latency and life span after the second generation, 

Fig. 3 T2 Tumor 

Both T2 and T3 had the same histolo-

gical pattern (Fig. 3, 4), though they differed 

greatly in growth speed. This might depend 

on the strength of the expression of the 

antigenicity of each tumor. 

All of the transplantable neurogenic tum-

ors were grown in tissue culture. On reinoc-

ulation into rats at a dose of 5xl06 cells or 

less, the cultured cells proved still to be 

tumorigenic. And these tumors closely reta-

ined the original histological appearances 

(Fig. 5). 

Fig. 4 T3 Tumor 

Fig. 5 T3 tumor reinoculated into syngeneic 
adult rats after explantation, showing 
the same histological appearance a> 
the original T3 tumor 

DiscussioJt 

After the first report on the carcinogenicity of nitroso-derivatives by MAGGEE et al. 

(1956) 12>, DRUCKLEYS> induced neuroginic rat tumors with methylnitrosourea (MNU) in 

1964. Subsequently, many neurogenic tumors have been induced by nitroso-compounds in 

several species of animals, such as mouse, rabbit16>, dog20 and hamster, but not in cat3>. 

In 1969 WECHSLER et al.22> reviewed the ENU・inducedneurogenic rat tumors and 

commented on the possibility that exogeneous stimulation may play a role in the development 
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of human neurogenic tumors. 

Rats are particularly susceptible to the tumorigenic action of ENU, and the transpla-

c巴ntalroute seems most effective. In Sprague”Dawley rats the overall spontaneous incid-

ence of neuroginic tumors is only 0. 44%へbutsuch tumors are readily induced by a 
number of nitrosourea compound administrated by any of several routes制的．

A large variety of tumors has been described. According to LANTos10>, END-induced 

neurogenic tumors mainly originate from the subependymal glial plate. However, LAGEMAN 

and DIETS引 alsoreported the development of tumors from perivascular adventitial cells. 

In the present study neurinomas and oligodendrogliomas were the most common tumors 

induced by ENU. The differences in tumor induction period between the CNS and the 

PNS described by WECHSLER et al.22> were not observed. In agreement with the studies 

of SCHREIBER et al.15> on the influences of castration and teststeron adminstration on MNU 

oncogenicity, no sex prevalance of ENU-induc巴dneurogenic tumors was observed in our study. 

The action mechanisms of ENU have been examined biochemically. It has been 

assumed that both the carcinogenicity and the short term toxic effects of nitrosoamides 

result from the alkylation of macromolecules, in particular DNA. However, KNox8> has 

shown that cyanate ion is responsible for short-term effects and cytotoxicity. On the other 

hand, GoTH7> reported that the excretion of 0-6-ethylguanine was quite slow in brain tissue, 

which might explain the neurotropic nature of ENU. 

Like many other tumors, the neurogenic tumors exibit an increased metabolic rate and 

a high level of acid phosphataselll. Increased in cellularity and acid hydrolylase activity 

(N-acetyl-beta-glucosaminidas巴 andbeta-glucuronidase) as early as 20 days after prenatal 

ENU exposure were demonstrated in rat trigeminal nerve (SWENBERG et al. 20>). In spite of 

grossly normal appearance some of these nerves proved to be tumorigenic on inoculation 

into susceptible rats, and the increased enzyme activities were consequently interpreted as 

neoplastic rather than preneoplastic changes. 

BIESSMANN2> noted a difference in the composition of nonhistone proteins from neuro-

genic tumors and from normal tissues. This might be due to a difference in the chromation 

template activities・

Most of these tumors contain th巴 nervespecific proteins S-lOOD 15>23> and 14ふ2m.

However, according to DITTMANN et al.引 S-100is present in human glioblastomas only in 

approximately one-tenth of the amount in whole brain homogenate, whereas the glial acidic 

protein (GF A) was found to be enriched 2-4 times. 
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和文抄録

エチノレニトロソウレアによる神経系

腫療の誘発と，その被移植性

京拘；人；学医学部脳神経外科学教室（主任：半田 肇教授）

織田祥史，半田 肇

Fibiger Laboratoriet, Danmark 

J q)rgen KIELER 

H台生第皿期の WistarRat lζethylnitrosoureaを

経胎盤投与し， 3ヶ月以上生存した出生仔110匹中，

96匹lζ神経系腫療ができた

組織学的に41%が malignantneurinoma, 25%が

melignant oligadendrogliomaであった．

問機の投与法で dimethyll-enzanthraceneを投与し

でも神経系腫療はできなかった．

発生した E:¥l二神経系臆蕩のうち7例が in,-iro 

で継代移植され，成ラ ットの皮下に維持された第2

代目から潜伏期，生存期間ともに，ほぽ一定となる傾

向にあったー

たとえ組織学的に類似した腫蕩であっても，その成

長速度IC::著明な差異をしめすものがあり，乙れらの差

は，各種場開の抗原性の強弱IC::由~えする ものと推定さ

れた．


