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Colon Cancer Induction in Mice by Intrarectal Instillation of 
N-Methylnitrosoureal (38498) 
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In recent years, great strides have been 
made toward the development of animal 
models for studying colon cancer (1). In- 
duction of colon cancer can be achieved by 
subcutaneous injection of 1 ,2-dimethyl- 
hydrazine (2) or the intrarectal administra- 
tion of N-methyl-N'-nitro-N-nitrosoguani- 
dine developed by us (3-7). By using this 
technique, we have been investigating the 
pathogenesis of colon cancer and the car- 
cinogenic mechanisms with 1 ,2-dimethyl- 
hydrazine and related compounds in the rat 

Our purpose in the present study is to 
establish that intrarectal instillation of direct- 
acting carcinogenic chemicals to mice is a 
useful experimental method for the develop- 
ment of animal models on colon carcino- 
genesis. Of particular interest is a system to 
test carcinogenic chemicals at several dose 
levels and regimens and using a sizeable 
number of animals. Thus, this experimental 
system might deserve much further investiga- 
tion since it is easy technically and also 
economical. In this experiment, N-methyl- 
nitrosourea (MNU), one of the most potent 
and versatile carcinogens among nitroso 
compounds, was selected as a carcinogen 
on the basis of the results of Leaver, et al. 
(10). They observed multiple tumors in the 
stomach, small and large intestine of rats 
after a single large intragastric dose of 
MNU. This agent is also of interest since it 
can be formed readily in vivo in the stomach 
from nitrite and methylurea, or more slowly 
from methylguanidine (1 1). 

Materials and Methods. Female ICR/Ha 
Swiss mice obtained from Sprague-Dawley 
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Breeding Laboratory, Madison, WI, 7- to  
8-weeks old, were used. MNU was dis- 
solved in distilled water immediately prior 
to use. A 5.0 cm gastric feeding metal tube 
with a bulbous protective tip was inserted 
about one-half of the way into the lumen 
of the large intestine through the anal 
orifice. The solution described below was 
then instilled, filling the distal large in- 
testine. Occasionally a small amount of the 
solution was lost from the anus soon after 
the instillation. There were no pretreat- 
ments or preparation of the mice before the 
administration of the solution. 

There were two experimental and one 
control group of 30 mice each at the start. 
In Group I, each mouse was given 0.075 ml 
of a 2 % MNU (1.5 mg) in distilled water 
solution three times weekly for 2 weeks. A 
preliminary experiment showed that the 
maximum tolerated single dose by intra- 
rectal administration was 1.5 mg of MNU. 
In Group 11, each mouse was given 0.075 ml 
of a 0.4% MNU (0.3 mg) solution three 
times weekly for 10 weeks. The total dose 
of MNU was 9 mg in both experimental 
groups. In Group 111, 0.075 ml of distilled 
water was administered as control. 

The mice had free access to Purina Labora- 
tory Chow and tap water. Morbid mice were 
killed. One mouse in Group I1 and 27 mice 
in Group '111 surviving in good condition 
clinically without overt signs of neoplasm 
at the 40th experimental week have been 
kept for further observation. All of the 30 
mice of Group I, 28 mice except one canni- 
balized mouse in Group 11, and 3 mice of 
Group 111 which died or were killed before 
the 40th week, were examined upon autopsy 
and carefully inspected for gross abnormali- 
ties. The stomach and intestine were opened 
to reveal any tumors. All abnormal tissues 
and organs suspected to contain metastases 
were examined histologically by standard 
met hods. 
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Results. The average body weight of the 
mice increased at the same rate in Groups I1 
and 111. In Group I, it decreased by a maxi- 
mum of 12% of the initial weight in the 
first 2 weeks. Thereafter, i.e., after MNU 
administration was completed, the weight 
increased at the same rate as in other groups 
and the mice appeared to recover. The 
weight depression was a sign of acute toxicity 
attributable to  frequent applications of a 
high dose of MNU. 

The 30 mice of Group I died or were 
killed in extremis between the 11th and 19th 
week. In Group 11, 28 of 29 mice died or 
were killed until the 40th week. In addition 
to  neoplasms of the large intestine, lung 
adenomas and leukemias were noted. Figure 
1 shows the relation between localization 
and latent period of neoplasms in each 
mouse. Two or three types of these neo- 
plasms were found together in almost all of 
the mice. It was noticed that leukemias, high 
early in the test, were observed with a lesser 
incidence in both experimental groups after 
the 17th week. In Group 111, only three mice 
died or were killed until the 40th week, but 
no neoplasms were found. 

Large bowel neoplasms. Neoplasms of the 
large intestine were found in 14 of 30 mice 
(47%) in Group I and in 18 of 28 (64%) 
in Group 11. The first tumors were seen at 
the 12th week in Group I and at the 17th 
week in Group 11. Counting only the mice 
alive after the 17th week in Group 11, 18 of 
23 mice had large bowel neoplasms, i.e., 
78% incidence. Blood stools, prolapse of 
tumors or ulcerated anal tumors appeared 
in some cases. The lesions formed sessile 
polyps, polypoid tumors or ulcerating type 
neoplasms like the human type. The tumors 
were observed in the distal colon, rectum 
and anus in which MNU solution was in- 
stilled. There were no tumors in the proximal 
colon and the upper gastrointestinal tract. 
The latent period was longer in Group I1 
compared to Group I (Fig. 1). The incidence 
of squamous cell carcinomas developed at 
the anus was significantly higher in Group 
I1 compared with that of Group I (Table 1). 
The average number of adenocarcinomas 
and adenomas per large bowel tumor-bear- 
ing mouse was the same, 1.3 in Group I and 
1.2 in Group 11, but for the squamous cell 
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FIG. 1. Localization, incidence and latent period of 
induced tumors in ICR/Ha Swiss Mice by intrarectal 
instillation of MNU. Group I was given 1.5 mg MNU 
three times weekly for 2 weeks, and Group I1 0.3 mg 
MNU three times weekly for 10 weeks. At each time 
period the length of each bar designated mice with 
tumors in large bowel and lung 
and leukemia UUU , leukemia and lung, or leukemia , or 
a mouse without tumor 0.  

carcinoma it was 0.4 in Group I and 0.9 in 
Group 11. In Group I, four of five mice with 
squamous cell carcinoma, and in Group 11, 
11 of 15 also had adenocarcinomas and or 
adenomas in a large intestine. Thus, there 
were nine mice in Group I, and three in 
Group I1 which presented with adenocar- 
cinomas and/or adenomas alone, and one 
in Group I, and four in Group I1 with 
squamous cell carcinoma alone. The latent 
period leading to  adenocarcinoma and 
squamous cell carcinoma was similar. The 
adenocarcinomas were well-differentiated. 
Both adenocarcinomas and squamous cell 
carcinomas showed various types of in- 
vasion even to  the outside of the intestinal 
wall in advanced cases. The histologic fea- 
tures of these lesions were similar to that of 
human materials. No metastases were found 
in the regional lymph nodes and other 
organs. 

Lung tumors and leukemias. All mice with 
large bowel neoplasms also had lung ad- 
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TABLE I. HISTOLOGIC CLASSIFICATION OF LARGE BOWEL NEOPLASMS IN ICR/Ha SWISS MICE 
BY INTRARECTAL INSTILLATION OF MNU.  

No. of neoplasms 

No. of No. of mice Ade?o- Squamous 
examined with the carci- Ade- carci- 

Groups and treatment mice neoplasms noma noma noma Papilloma 

I M N U 1 . 5 m g X 6  30 14 8 10 5 0 

I1 MNU 0 .3  mg X 30 28 18 12 9 15 1 

enomas which were multiple small nodules 
on gross observation. Malignant lesions 
were not found. Leukemia was present in 10 
of 14 mice with large bowel neoplasms in 
Group I and in five of 18 in Group 11. 
Macroscopically, enlargement of the thymus 
in all of the cases, enlargement of the systemic 
lymph nodes, especially mesenteric lymph 
nodes and splenomegaly in some cases were 
observed. The disease showed the histologic 
features of lymphocytic leukemia and in- 
volved also the lung, kidney, liver, ovary 
and heart. 

Discussion. Many of the carcinogenic 
alkyl nitroso ureido compounds affect the 
upper digestive organs in experimental 
animals when they are given orally or intra- 
gastrically ( 12- 15). In these compounds 
MNU probably acts as ultimate carcinogen 
by heterolysis without intervention of any 
specific enzyme system (16). Leaver et al. 
(10) reported that a single large intragastric 
dose of MNU produced tumors not only in 
the upper gastrointestinal tract, but also in 
the large intestine. In spite of the chemical 
unstable characteristics of MNU in a basic 
environment, it would seem that a sizeable 
amount of MNU reached the large intestine 
and acted on the mucosa of the large in- 
testine. 

In the present experiment the same total 
dose of MNU was administered intrarectally 
to two groups of mice by the combination of 
different concentration and length of ad- 
ministration of the MNU solution. Distinct 
results arose in the tumor induction period 
and the incidence of three kinds of tumors, 
large bowel neoplasms, lung adenomas and 
leukemias. The first neoplasm appeared at 
almost the same time in both groups. There- 
after, in Group 11, receiving a lesser dose for 

a longer time, more than 50% of tumor- 
bearing mice developed large bowel tumors 
after the 17th week. This is clearly dis- 
tinguishable from the results of Group I 
given a high dose for a short time, in which 
almost all mice had leukemias, and also 
large bowel neoplasms and/or lung ade- 
nomas, with a brief latency, until the 18th 
week. 

In our control groups, mice did not have 
lung tumors or leukemias to the 40th ex- 
perimental week, when they were 47- to 48- 
weeks old. Thus, the rapid development of 
leukemias and lung adenomas was the result 
of MNU administration. It seems that this 
chemical was absorbed quickly from the 
large intestine, and reached sensitive target 
organs. This was unexpected considering the 
fairly polar nature of MNU and its ready 
decomposition at the pH prevailing in the 
colon. Although not demonstrated, there 
may be also a reaction mediated by bacterial 
enzymes from the gut microflora. MNU also 
affected directly the epithelium of the large 
intestine. In the present study, squamous 
cell carcinomas in the anal region were found 
in relatively high incidence. These were ob- 
served also in mice injected subcutaneously 
1,2-dimethyIhydrazine (17-20). However, 
there is no recorded squamous cell car- 
cinoma induced in rats with the same 
carcinogen. It seems a species or strain- 
specific phenomenon, not a chemical or 
technical problem. Moreover, MNU given 
intrarectally produced colorectal carcinomas 
in all tested rats, but no squamous cell 
carcinomas were found (our unpublished 
data). 

The present study leads to the conclusion 
that frequent applications of a small dose 
of M N U  seems superior for the production 
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of colon cancer in mice by the intrarectal 
instillation procedure, compared with a less 
frequent application of a large dose. Also, 
intrarectal instillation in mice is a simpler 
and more natural method to detect the 
oncogenicity, not only to the large intestine 
but also other organs, of carcinogenic sub- 
stances in the environment and of such 
materials formed from dietary components 
or digestive secretions by the bacterial flora 
in the gut. Such experiments are now under 
way. 

Summary. The same total dose of 9 mg of 
N-  methylnitrosourea (MNU) was given 
intrarectally to two groups of ICR/Ha mice 
by varying the dose rate and frequency. 
Thirty individual doses of 0.3 mg each three 
times per week induced large bowel neo- 
plasms with high incidence after the 17th 
week, compared with six doses of 1.5 mg 
each three times per week which also led to 
leukemia in all mice until the 18th week. 
Small adenomatous nodules of the lung 
appeared in almost all mice of both groups. 
In the large intestine, adenocarcinomas and 
adenomas were found in the distal colon and 
rectum, and squamous cell carcinomas at 
the anal canal. Intrarectal instillation of 
carcinogenic chemicals such as MNU to 
mice is a good method to develop animal 
models for colon carcinogenesis, and also 
other tar get organs. 
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