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Abstract-N-Methyl-N-amylnitrosamine was given to male Wistar rats in the drink- 
ing water al a concentrafion of 0.003% for 8 weeks. Three rats were auto#ied weekly 
from the first to the 25th week. The stages of hy@r#lusia, dys#asM and squamous cell 
carcinoma in Ihe esophagus were chronologically observed. Hy@$lasia and dys&sia 
were found by the 6th week and continuously obsmred until the end of the exfierimenf. 
Early squumous cell carcinomas were found in the 13th week. They showed endophytic or 
ex@hytic growths. Histologically, the end@hytic growths were well-difierentiakd 
squamous cell carcinomas and the exehytic growths were poorly-di&entiated. Ad- 
vanced carcinomas were first found in the 15th week and were almost well-difleren- 
Ued. Carcinomas were not found in papillomas. The incidence of carcinomas 
increased with time, being 9 out of 15 rats (60%) in the final 21sl through 25th weeks. 
Lym#h node metastasis was found in one rat, killed at the 24th week. 

INTRODUCTION 

THE CARCINOCENICITY of various kinds of nitroso 
compounds has been reported since the initial 
discovery by Druckrey et al. in 1961 [l]. Eso- 
phageal squamous cell carcinomas have also 
been induced by various alkyl-nitrosamines [2]. 
It was recently reported that oral ad- 
ministration of N-methyl-N-amylnitrosamine 
(MNAN) specifically induced carcinoma of the 
esophagus, although the period of adminis- 
tration was much shorter than that of other 
alkyl-nitrosamines [S]. Furthermore, the car- 
cinogenicity of MNAN injected in- 
traperitoneally at different doses was reported 

141. 
The histogenesis of esophageal squamous 

cell carcinoma in rats has been reported by 
many investigators. This carcinoma develops 
from hyperplasia and/or not through papil- 
loma. Napalkov and Pozharrisski [5] reported 
that this carcinoma developed mainly in papil- 
loma. However, the precancerous change 
reported was hyperplasia of the epithelium 
[6-81. One of our aims has been to clarify these 
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relationships through studies on carcinogenesis 
of the esophagus. That is, we have examined 
the relationship between the early stage of the 
carcinoma and the invasive carcinoma. 

This paper reports the sequential mor- 
phological changes in the esophagus of rats 
following oral administration of MNAN. 

MATERIALS AND METHODS 

Six-week-old male Wistar strain rats weigh- 
ing about 170g were purchased from Nihon 
Rat Co., Ltd., Saitama, Japan. The rats were 
kept in the metal cages and the room was kept 
in the standard laboratory conditions. They 
were fed on CE-2 chow obtained from Nihon 
CLEA Inc., Tokyo, Japan. N-Methyl-N-amyl- 
nitrosamine (MNAN) was purchased from 
Izumi Chemical Laboratory, Kamakura, Japan. 
It was dissolved in deionized water to give a 
stock solution having a concentration of 0.3% 
and stored at 4°C in a dark room. The stock 
solution was diluted to 0.003% every other day, 
just before it was given to the rats. The rats 
received a 0.003% MNAN solution for the first 
8 weeks, and from the 9th week they were 
given tap water. From the begining of the 
experiment, including the first 8 weeks, three 
rats were killed and autopsied weekly. In all 
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cases, the tongue, pharynx, esophagus and 
stomach were removed as a mass from each rat. 
The stomach was opened along the greater 
curvature and the esophagus was opened longi- 
tudinally in the anterior wall. They were 
flattened on a cork board and were fixed with a 
10% neutralized formalin solution. The whole 
esophagus was cut into three portions, the up- 
per, middle and lower regions. Each portion 
was divided longitudinally into two strips. Six 
strips were embedded in paraffin wax and 
Bprn-thick sections were made. The sections 
were routinely stained with hematoxylin and 
eosin. Some selected samples were stained with 
periodic acid-methenamine and silver. These 
and other organs were examined carefully. 

RESULTS 

The body weight of rats increased up to the 
15th week and then decreased after the 20th 
week. All tumors were seen in the esophagus, 
except one papilloma of the tongue. No special 
pathological changes were found in the fore- 
stomach. The changes induced in the esopha- 
geal epithelium by MNAN were ulceration, 
hyperplasia, dysplasia, papilloma and 
squamous cell carcinoma. 

Ulceration 
Erosion and ulceration with neutrophil 

infiltration were found focally in a few rats 
from the first to the 4th weeks. Erosion rarely 
developed after the 5th week. 

Hyperfilasia and dysplasia 
Focal hyperplasia, thickening of the stratified 

squamous epithelium (Fig. l), was found within 
the 5th week. Dysplasia, which means hyper- 
plasia with structural and cellular atypia of the 
basal and spinous cells, was found in the 6th 
week. This was continuously observed until the 
end of the experiment. 

Pap&ma 
Papilloma first developed in the 7th week 

and consisted of extensive, epithelial, finger- 
like projections which contained a connective 
tissue core. No squamous cell carcinoma was 
found in the papillomas, although they in- 
creased in size by the end of the experiment. 

Early squamous cell carcinoma 
The first early carcinoma was seen in the 

13th week. The early carcinomas included car- 
cinoma in silu and carcinomas which 
penetrated the basal membrane and invaded 
the submucosa. Two types of early carcinoma 

were observed. The endophytic type was a flat 
elevated lesion and was almost covered with 
mild hyperplastic epithelium. The tumor cells 
invaded the submucosa from the depressed 
area of the top of the tumor. The carcinomas 
were all well-differentiated and keratinized 
(Fig. 2). The exophytic type was developed 
suddenly from hyperplasia and made a flat 
tumor. The tumor cells had large, pyknotic 
nuclei and were less keratinized. They showed 
intra-epithelial growth and poor differentiation 
(Fig. 3). 

Advanced carcinoma 
Advanced carcinomas, invading the muscle 

layer and adventitia, were found at the 15th 
week. They were polypoid and well-differen- 
tiated (Fig. 4). Metastasis to the regional lymph 
node and invasion of the trachea were seen in 
one rat, sacrificed at the end of the 24th week 
(Fig. 5). 

Incidence and number of tumors at various periods 
The incidence and number of papillomas 

and carcinomas at the various periods are 
summarized in Table 1. Papillomas accounted 
for 79% and carcinomas for 21% of the total 
156 tumors. The incidence of papillomas was 
higher in the 11th to 15th weeks than in the 6th 
to 10th weeks, but no differences were found 
after the 15th week. However, carcinomas were 
periodically increased. The incidence of car- 
cinomas was 9 out of 15 rats in the 21st to 25th 
weeks. 

DISCUSSION 

It has been reported that alkyl-nitrosamines 
administered by various routes induced tumors 
of the esophagus in rats. Intraperitoneal in- 
jection of MNAN induced tumors of the nasal 
cavity and the trachea [4]. However, oral ad- 
ministration of MNAN specifically induced 
esophageal tumors and this was examined 
autoradiographically by using [“Cl-labeled 
MNAN [S]. The metabolism of MNAN is still 
unknown. 

In the present study, oral administration of 
MNAN induced mostly esophageal tumors in a 
short time. The administration period was also 
short and the concentration of MNAN was low. 
It was interesting that N-methyl-N-amyl- 
nitrosamine induced papillomas and car- 
cinomas, but diethyl-nitrosamine induced 
mostly carcinomas [7]. This suggested that 
MNAN is less carcinogenic than diethyl- 
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Fig. 1. Hyp&usia and foci of psoliferating cells in the basal layer of the @hagus. H.E. X 100. 

Fig. 2. Early, well-differentiated squamous cell carcinoma of the esophagus. H. E. x40. 
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Fig. 3. Early, poorly-differentiakd squumous cell carcinoma of the eso#hagw. H.E. x40. 

Fig. 4. Advanced, well-differentiated carcinoma of the eso@gus. The tumor cells invaded into musck layer. H. E. x4. 

Fig. 5. Lymph no& metastasis of the squamous cell carcinoma. H.E. x40. 
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Table 1. Incidence and number of pafiilloma and carcinoma of rats 
at various imiods 

Weeks 
Tumors 
(No. of 
rats) 

Papilloma’ 
Squamous cell 

carcinoma? 
Early Advanced Total 

l-5 15 O/O 010 O/O O/O 
6-10 15 916 O/O o/o 010 

11-15 15 34113 212 211 413 
1620 15 44114 915 212 11/6 
21-25 15 36114 9/a 917 18/9 

*Results given as number of papillomas and rats. 
tResults given as number of carcinomas and rats. 

nitrosamine in relation to the rat esophagus. 
A similar observation was made regarding 
the rat stomach. N-Propyl-N’-nitro-N- 
nitrosoguanidine, a propyl derivative of N- 
methyl-N’-nitro-N-nitrosoguanidine and weak 
gastric carcinogen, induced intestinal 
metaplasia and adenocarcinoma in the rat 
stomach [9]. Intestinal metaplasia, thought to 
be a precancerous change in the human gastric 
carcinoma, was rarely found to be caused by 
N-methyl-N’-nitro-N-nitrosoguanidine. Oral 
administration of MNAN at a concentration of 
0.003% for 8 weeks was considered a suitable 
condition for induction of esophageal 
squamous cell carcinoma in rats. 

The sequential morphological changes 
caused in the esophagus by MNAN were 
ulceration, hyperplasia, dysplasia, papilloma 
and squamous cell carcinoma. MNAN, even at 
low concentration, was ulcerogenic, the same as 
other chemical carcinogens. We felt that 
hyperplasia and dysplasia might be precancerous 
changes of esophageal carcinoma and this has 
been confirmed by many investigators. Ito et al. 
[6] reported that papillomas consisted of rever- 
sible changes. In our experiment papillomas 

develop,ed just after hyperplasia and in almost 
all the rats after the 11th week, but the number 
of papillomas did not change. Furthermore, no 
carcinomatous lesions were found in the papil- 
lomas at the termination of the experiment. We 
found two types of early carcinoma. The endo- 
phytic type was surrounded by ‘hyperplastic 
epithelium and developed from the top of the 
tumor. It is thought that reversal of the 
stratified epithelium may be the cause, followed 
by growth in the submucosa; this shows a well- 
differentiated form. On the other hand, the 
early exophytic type developed abruptly from 
hyperplasia. The transformed cells showed in- 
traepithelial growth. This type showed less 
differentiation than the endophytic type. Ad- 
vanced carcinoma might be the result of pro- 
gression of an early endophytic carcinoma. The 
growth of the endophytic carcinoma may be 
more rapid than that of the exophytic car- 
cinoma. Sessile papillary carcinoma, reported 
by Stinson et al. [8], was considered to be an- 
other type of exophytic epithelial proliferation. 

Longer term observations are necessary for 
detection of advanced, poorly-differentiated 
carcinomas and papilloma-derived carcinomas. 
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