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were induced in the gastrointestinal tract, including the
colon, as well as in the kidney and on the skin (14). It has
been demonstrated that some other alkylnitrosoureas ad
ministered with drinking water produced cancers in the
largebowel,stomach,duodenum, and otherorgansofmats
(3). The results are interpreted to indicate that a portion of
the p.o. on i.g. doses ofthese active agents probably passed
through the upper digestive tract and small intestine with
out chemical decomposition and acted directly on the large
bowel mucosa. Nitmoso compounds, especially alkylnitmo
samides, may act as ultimate carcinogens; they usually are
chemically unstable in a basic and even a neutral pH envi
ronment (3). Moreover, Dmuckreyet a!. (5) and Sander (26,
27) postulated endogenous mechanisms for the production
of carcinogenic nitrosamines and nitmosamides, including
MNU, from their precursors in the stomach that were docu
mented by studies in in vivo and in vitro systems. Thus,
MNU can be readily formed in vivo in the stomach of the rat

from nitrite and methylurea or more gradually from nitrite
and methylguanidine (6, 18, 19). It was also suggested, but
not proven, that carcinogenic nitrosamines may form in the
intestine in the presence of anaerobic microfloma (1, 11, 13).

The interaction between the colonic mucosa and carcino
genic nitroso compounds was a tool for studying mecha
nisms beamingon factors of human colon cancer. Our pre
vious colon camcinogenesis experiments in mats,mice, and
guinea pigs, in which MNNG on MNU was administered by
i.r. instillation, produced large-bowel cancer in the segment
of the large bowel coming in direct contact with these
direct-acting carcinogens (20â€”24,33). Nondirect-acting car
cinogenic nitmosamines did not result in production of large
bowel tumors (16, 17, 28, 29). In a preliminary report cover
ing 2 g@oupsdescribed in detail here, we noted that i.n. MNU
induced large bowel neoplasms and also gave rise to
thymic lymphoma and lung adenomas in Swiss mice (23).

The purpose of this paper is to describe the results of a
dose-response study, to delineate the susceptibility of mice
and matsto colon cancer induction by i.m. instillation of
MNU, and to record findings on the question of the possible
intmacolonic formation of MNU from nitrite and methylumea.

MATERIALS AND METHODS

Mice. Female Ha/ICR Swiss mice were obtained from
Sprague-Dawley Breeding Laboratory, Madison, Wis., and
were held in the laboratory for 2 weeks prior to commence
mont of this study. These mice were 7 to 8 weeks old at the
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SUMMARY

The carcinogenic effect of several dose levels and regi
mens of an aqueous solution of N-methyl-N-nitnosourea
(MNU) administered intranectally to mice and rats is me
ported. In Ha/ICR Swiss mice, a single dose of 1.8 mg MNU
induces mainly lymphomas and pulmonary tumors in less
than 20 weeks. Repeated doses of 1.5 mg MNU induces
lymphomas, pulmonary tumors, and also large bowel tu
momsin less than 20 weeks. Doses of 0.3 mg decreased the
yield of lymphomas and increased large bowel neoplasms
oven a period of 40 to 60 weeks. Repeated doses of 0.06 mg
also gave a low yield of lymphomas and large bowel tumors
oven a 60-week period. Thus, a maximal yield of Iymphomas
is seen with a brief regimen of high doses, whereas large
bowel tumors occur with a more frequent lower dose rate.

Male Fischer strain matsgiven 1.0 or 2.5 mg MNU 3 times a
week for 10 weeks had a multiplicity of large bowel tumors,
proportional to dose, in 25 to 30 weeks. In fact, the high
dose level led to a 100%yield in less than 20 weeks. Lympho
mas were seen only at the higher dose when the animals
were young, at the beginning of the test. In mice and mats
the carcinomas were polypoid or plaque shaped and were
well differentiated with extensive invasion but no metas
tases.The adenomas were pedunculatedonsessile.
lntmanectaladministrationofa mixtureofmethylumeaand

nitrite for 20 weeks and further observation of the matsfor an
additional 35 weeks yielded no colon tumors. Thus, there is
indirect evidence of a lack of the in situ formation of carcino
genic MNU in the large bowel under physiological condi
tions.

INTRODUCTION

MNU,4 a direct-acting carcinogen, is one of the most
potent and versatile carcinogenic nitnoso compounds. After
a single large i.g. dose of MNU to rats, multiple neoplasms
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start of the experiment and were fed Purina laboratory chow
throughout the experimental period. MNU (Starks Associ
ates, Buffalo, N. Y.) was dissolved in distilled water immedi
ately before use. A 5-cm metal gastric feeding tube with a
bulbous protective tip was attached to a 1-mi syringe and
used for the i.m.instillations. Each mouse was suspended by
the base of the tail while a gastric feeding tube was inserted
about 2.5 cm into the lumen of the large bowel through the
anal orifice. Each solution of MNU was then instilled into
the large bowel. Often a small amount of solution exuded
from the anus shortly after the instillation. Themewere no
treatments on preparations of the animals before on after i.m.
instillation of the MNU. The mice were arranged in groups
of 30 as follows. In Group I, a total of 22.5 mg MNU was
divided into 15 doses; each mouse received 0.075 ml of a 2%
MNU solution (1.5 mg MNU) 3 times a week every other
week for 10 weeks. In Group II, a total of 9 mg MNU was
divided into 6 doses; each mouse received 0.075 ml of a 2%
MNU solution (1.5 mg MNU) 3 times a week for 2 consecu
tive weeks. In Group III, a total of 9 mg MNU was divided into
30 doses;each mouse received0.075ml of a 0.4% MNU
solution (0.3 mg MNU) 3 times a week for 10 consecutive
weeks. In Group IV, a total of 1.8 mg MNU was given as 1
dose; each mouse received 0.09 ml of a 2% MNU solution
(1.8 mg MNU) as a single dose. In Group V, a total of 1.8 mg
MNU was given as 6 doses; each mouse received 0.075 ml of
a 0.4% MNU solution (0.3 mg MNU) 3 times a week for 2
consecutive weeks. In Group VI, a total of 1.8 mg MNU was
given as 30 doses; each mouse received 0.075 ml of a 0.08%
MNU solution (0.06 mg MNU) 3 times a week for 10 consecu
tive weeks. In Group VII, distilled water was given as nega
tive control in 30 doses; each mouse received 0.075 ml of
distilled water 3 times a week for 10 consecutive weeks.

Animals that were dying on becoming moribund through
out the experimental period were necropsied. The study in
mice was terminated at the 60th experimental week, at
which time all survivors were killed and necmopsied.

Rats. Male Charles River CD-Fischer rats with free access
to Purina laboratory chow and tap water were given the i.m.
instillation of the MNU solution 3 times weekly for 10 weeks
in all experimental groups, as follows. Group I (24 rats, 9
weeks old) received, each time, 0.5 ml of a 0.5% MNU
solution (2.5 mg MNU); Group II (24 mats, 9 weeks old)
received 0.5 ml of a 0.2% MNU solution (1.0 mg MNU);
Group Ill (5 mats,18 weeks old) received, i.n., 0.5 ml of a 0.5%
MNU solution (2.5 mg MNU); Group IV (5 rats, 18 weeks old)
received 0.5 ml of a 0.2% MNU solution (1.0 mg MNU).

The choice of the dosage regimen was based upon pmelim
mary toxicity tests in which 1.5 and 2.5 mg of MNU, respec
tively, 3 times each week, were the maximum tolerated
doses by i.n. instillation in Ha/ICR mice and in CD-Fischer
mats.The ratswere killedat20experimentalweeks inGroup
I, at 25 weeks in Groups II and III, and at 35 weeks in Group
IV.

Effect of Methylurea and Nitrite. The question whether
MNU could be formed at neutral pH within the large bowel
was investigated in the following experiment. A group of 28
male Charles River CD-Fischer mats,6 weeks of age at the
beginning, were given i.m.instillations of0.5 ml of a buffered
solution (pH 7.5) of 1.8 mg methylurea plus 1.7 mg sodium

nitrite 3 times each week for 20 weeks. The buffered solu
tion was made by adjusting 0.1 Mdisodium phosphate to pH
7.6 with 1 M monosodium phosphate. A 2nd group of 20
male rats received 1.7 mg sodium nitrite in 0.5 ml buffer
under the same conditions. These animals were held for a
total of 56 weeks, on 26 weeks after the end of the treatment
period with free access to diet and water. A 3rd group of 16
matsreceived1.8mg methylureaalonedissolvedin0.5ml of
a solution buffered to pH 4.5 with 0.1 N hydrochloric acid.
This pH was selected because this group of matsserved as
control for the matstreated with MNU described above. The
MNU solution had a pH of 4.5.

Autopsy and Pathology. The large bowel was opened and
inspected grossly and other organs were also checked cane
fully for abnormal findings. All tumors and organs thought
to contain metastases were examined histologically after
fixation in 10% fonmalin and processing by standard meth
ods. Sections (5-gm) of all tumors and other gross lesions
were prepared and stained with hematoxylin and eosin.
Student's t test was used for statistical evaluation of results.

RESULTS

Mice

Weight GaIn, Survival Time, and Tumor Incidence. The
mean body weights for experimental Groups I and II do
creased a maximum of 12% of the initial body weight during
the 1st 2 experimental weeks. Thereafter, the weekly mean
body weights for these 2 experimental groups increased
approximately at the same mateas those of other expenimen
tal groups. The growth curves for mice in Groups III and IV
were similar to that of the control group.

In general, mice that received multiple high doses (1.5
mg) on even a single high dose (1.8 mg) of MNU died earlier
in the experimental period than did mice that received multi
pIe smaller doses (0.3 on 0.06 mg) of MNU (Chart 1). Thus,
the mice that died in the 1st 20 weeks of the experiment and
that received the larger individual doses had a higher mci
dence of lymphomas and of pulmonary tumors. The devel
opment of lymphomas was less in the groups of mice neceiv
ing the lower dose levels. Also, multiple neoplasms were
more frequent in mice receiving high total doses (22.5 and 9
mg) of MNU than in those receiving a lower total dose (1.8
mg). The optimal colon tumor yield was with individual
doses of 0.3 mg, but with lymphoma it was 1.5 to 1.8 mg.

Large Bowel Neoplasms. Themewere 3 types of large
bowel neoplasms, namely, adenoma on adenocancinoma of
the distal colon and rectum and squamous cell carcinoma
developing in the anal region (Table 1).

All large bowel neoplasms were located in the distal 4 cm
of the large bowel on in the anal area. These sites come
spond to the anatomic regions bathed by MNU solutions at
the time of instillations. Colomectal neoplasms were either
polypoid on elevated circular thickenings of the mucosa.
Anal cancers were firm, red, and protruding, with an immegu
Ian and often ulcerated surface. Themewas a total of 102
large bowel neoplasms. Of these, 10 were less than 0.2 cm
in diameter and 9 of the 10 were benign; 68 neoplasms
ranged from 0.2 to 0.6 cm in maximum diameter and were
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Chart 1. Incidence of neoplasms in Ha/ICR Swiss mice given MNU by i.r. instillation. The number of mice with each type of neoplasm is cumulated in 20-
week intervals.

either benign on malignant. In several mice, diarrhea,
bloody stool, and ileus and rectal pmolapses were associ
ated with large bowel neoplasms.

The basis of histological diagnoses of intestinal neo
plasms is that described by Lingeman and Garner (15). All
adenocamcinomas were well differentiated; anal squamous
cell carcinomas were well differentiated and keratinizing.
Forty-two % of the adenocarcinomas of the colon and 58%
of the anal squamous cell carcinomas invaded the semosaor
adventitia. The most extensive invasion for both types of
carcinomas was seen in those groups that received a large
total dose (22.5 on 9 mg) of MNU. A single metastasis to a
regional lymph node was found in 1 case of squamous cell
carcinoma. In several mice in Groups I and II, there was
occasional penetration of the colonic muscularis mucosa
by histologically hyperplastic epithelial crypts. This lesion
was considered to be a possible early invasive stage of
adenocancinoma; however, these cases were not included
in the number of large bowel neoplasms because they were
found unexpectedly in randomly prepared sections that
were grossly normal.

Thymic Lymphomas, Lung Tumors, and Other Tumors.
As depicted in Table 1, those experimental groups in which
mice received a large amount (1.8 or 1.5 mg) of MNU in each
dose (Groups I, II, and IV) had a significantly greaten mci
dence of lymphoma compared to the controls (p < 0.001).
With the exception of 1 animal, all of these mice died within
the 1st 21 weeks of the experimental period. The incidence

of lymphoma in experimental Group III (low individual doses
of MNU) was not significantly greaten than the incidence in
the control group (0.1 > p > 0.05). All cases of lymphoma
were characterized by thymic enlargement. In addition,
many cases also exhibited enlargement of systemic lymph
nodes and splenomegaly. Themewas histological evidence
of involvement of lungs, kidney, liver, ovary, and heart in
many cases. Thus, these cases were either thymic only or
thymic lymphomas with generalized involvement. Cell type
was generally uniform and resembled immature lympho
cytes with leptochnomatic nuclei, occasionally a prominent
nucleolus, and small amounts of lightly eosinophilic cyto
plasm. Malignant cells were momphologically similar, regard
less of organ distribution, degree of organ involvement, on
duration of clinical illness. Several animals with very en
Ianged thymuses were hypempneic. Anemia and cyanosis
were alsoseen.

Pulmonary tumors were more frequent in each expenimen
tal group compared to the control group (p < 0.01). The
incidence of pulmonary tumors in Groups II and Ill (9 mg
total dose of MNU) was significantly greaten than that in
Groups IV and V (1.8 mg of total dose MNU, p < 0.05). The
majority of the pulmonary tumors was histologically com
pact, benign adenomas. In 4 cases the diagnosis of alveolo
genic adenocarcinomas was made based upon local inva
sion within the lung parenchyma. Occasional neoplasms of
the kidney, liven, mammary gland, and skin were also found
(Table1).
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Rats tumor incidence and the multiplicity of langebowel tumors.
All rats had large bowel tumors in Group I (younger mats

Large Bowel Neoplasms. Six matsof Group I and 1 matof with high MNU doses), Group Ill (older matswith high MNU),
Group Ill died onwere killed in moribund state before temmi- Group IV (older matswith low MNU), and almost all matsin
nation of the experiment in each group. Table 2 lists the Group II (younger matswith low MNU). The average number

Table1
Tumor incidence induced in female Ha/ICR Swiss mice by i.r. instillation

a Thirty mice/group.

b Dosage, amount of each MNU dose times number of doses (total dose of MNU); control Group VII received 30
instillationsof distilled wateron samescheduleasGroupVI. Dataon GroupsIIand IIIhavebeensummarizedpreviously
(23).

C Numbers in parentheses, percentage of total number of mice.

d Numbers in brackets, number of mice also bearing large bowel neoplasms.
e Numbers include 1 squamous cell papilloma.

I Hepatic hemangioma.
a Renal adenoma.
â€˜SRenal adenoma, renal adenocarcinoma, mammary adenocarcinoma, and dermal fibrosarcoma.

I Lymphoma of the ileum.

Table 2
Tumorincidence induced in male CD-Fischerrats by i.r. instillation of MNU

a Each dose listed of MNU was given 3 times weekly for 10 weeks or 30 doses, and a total of 75

and 30 mg MNU,respectively,were given in Groups I and III, and in Groups II and IV.
b Six rats were dead with lymphoma and large bowel tumors between the 14th and 19th weeks.
C Numbers in parentheses, percentage of total number of mats.

d One rat was dead with large bowel tumors at the 20th week.
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of the tumors per matwas proportional to the dose (Group I
versus Group II, and Group Ill versus Group IV). Many matsin
Groups I and II showed severe diarrhea and some had
bloody stools, loss of body weight, and anemia immediately
before the termination of the experiment.

All tumors in the large bowel were confined to the distal
half, up to 10 cm proximal to the anus. The histological
diagnosis of intestinal neoplasms in animals was based on
the criteria of Lingeman and Garner (15). The carcinomas
were usually polypoid on plaque shaped and there was
central ulceration in some tumors. The adenomas were
pedunculated on sessile polyps. The largest tumor was 2.5
cm in diameter for carcinomas and 0.9 cm for adenomas.
The carcinomas were microscopically invasive and well dif
fementiated; 27% involved the musculanis pmopmiaon semosa.
The majority of adenocancinomas were of the tubular type,
but a few cases were of papillary type. Three mucinous
adenocancinomas were observed. The macroscopic and mi
croscopic findings were similar to those seen in large bowel
tumors of matsinduced by i.n. instillation of MNNG (20â€”23).

Thymic Lymphomas. Lymphomas were found in 9 of 22
matsonly in Group I, and 6 of these died early, between the
14th and 19th experimental week. In the other 3 rats, lym

phoma was diagnosed on necmopsyat the 20th week at the
termination of the experiment. All cases showed extensive
enlargement of the thymus, and most of them also involved
the pleural cavity, systemic lymph nodes, liven, spleen, and
lungs.

Theme were no neoplasms in other organs through all
groupsofmats.

Effect of Nitrite and Methylurea Given i.r. In the Large
Bowel. Of the 28 rats given the mixture of nitrite and methyl
urea for 20 weeks and held for an additional 36 weeks, none
presented with colon tumors. Likewise, the control group of
20 rats given nitrite alone had no colon tumors (cf. Ref. 4).

However, the control group of 16 matsgiven methylunea
solution adjusted to pH 4.5 had 3 animals with adenomas
and 1 with a polypoid lesion. As noted, the control group
received a solution adjusted to pH 4.5 because this was also
the measured pH of the MNU used in the experiments de
scmibed above. Our findings of a few tumors in matsgiven
methylumeaat a pH at which this substrate is readily nitmosat
able suggest that the large bowel might contain a source of
nitrite. This point is currently under detailed study.

DISCUSSION

In this study, i.n. administration of MNU led to induction of
large bowel neoplasms in random-bred Swiss mice as early
as 9 weeks after initial treatment. This incidence of large
bowel neoplasia was not apparently highly dose dependent,
yielding 38 to 65% of mice with tumor.

However, a single large dose was not very effective with
respect to large bowel cancer but instead gave a high yield
of Iymphomas. Furthermore, large repeated doses of MNU
given within a limited time frame were clearly associated
with a high incidence of pulmonary tumors and of lym
phoma with attendant early mortality. A reduced incidence
of lymphoma was obtained when smaller doses of MNU

were given over an extended time frame, and this scheme
gave more large bowel tumors. Colorectal adenocarcino
mas occurred with greaten frequency than did colonectal
adenomas in those mice given either 15 or 30 doses of
carcinogen. This effect may be a function of not only total
MNU dosage but also of increased survival time, as is appan
ent from Chart 1.

In rats, MNU induced large bowel tumors with total doses
of 75 and 30 mg. The multiplicity of the neoplasms, but not
the overall yield, was dose dependent. Lymphomas were
seen only in young rats given the higher dose but not in the
small group of older animals (cf. Ref. 30). Fmei(7) also noted
that a high dose of i.p. administered MNU in mice produced
more pathological changes in hematopoietic tissues, includ
ing the thymus, than did a low dose. MNU has demonstrated
immunosuppressive effects, and the occurrence of lympho
mas in mice and young matsmay be related to this property.
However, this is not so for cancer in the gut, for the ana
tomic region in which the neoplasms were localized come
sponds to the areas bathed by the carcinogenic nitnosam
ide. This area was originally defined in a few animals given
i.r. instillations of an equivalent volume of methylene blue
solution as a marker. Much of the instilled dye begins to be
excreted almost immediately following administration, and
the remainder is eliminated within a few hours. We assume
that the same situation pertains following MNU instillation
and, thus, the length oftime with which most ofthe adminis
tened carcinogen is in contact with susceptible mucosal
cells in indeed short. Nonetheless, the duration of contact is
sufficient to induce neoplasia.

The occurrence of anal squamous cell carcinomas in
mice is not surprising. Graffi et a!. (8) have demonstrated
that topical application of MNU induces epidenmal cancer in
mice, mats,and hamsters. Also, anal cancer develops in
mice treated by s.c. administration of dimethylhydmazine (9,
25, 31, 35). There have been no reports of anal cancer
induction in rodents other than mice; we have not ob
served anal cancer in rats or guinea pigs (24) given in. MNU.

It is known that MNU may lead to neoplasia in organs and

tissues that are distant from the site of application. When
matswere given a single large i.g. dose of MNU (90 mg/kg), a
relatively higher incidence of neoplasia occurred in the
large bowel and kidneys, and a lower incidence occurred in
the fomestomach, small intestine, and skin (14). On the other
hand, neoplasms were not observed in the large bowel of
rodents given MNU in drinking water (4, 32). Dmuckreyet a!.
(5) reported that a single lange i.v. dose of MNU (70 to 100
mg/kg) led to many neoplasms of the fomestomach and
kidneys of matsbut produced only a few large bowel cancino
mas. We interpret these data as an indication that a suffi
cient portion of a large dosage of MNU is absorbed to
induce neoplasia in sensitive tissue (e.g. , kidney) and that
the large bowel is less sensitive to circulating MNU. The
induction of large bowel neoplasia in matsgiven a large
amount of MNU by gastric gavage (14) is probably due to
sufficient carcinogen reaching that site after passage
through the small intestine. We have now documented that
the large bowel mucosa is sensitive to direct contact with
MNU in several species. The i.m. administration of MNU led

to large bowel tumors in matswith higher incidence (83 to
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100%), multiplicity, and shorten induction time (less than 20
to 35 weeks compared to 40 to 52 weeks) than MNNG (21,
22). Moreover, histopathological examination demon
strated that MNU-induced adenocarcinomas were invading
the intestinal wall more extensively than those induced by
MNNG. However, the grade of differentiation, invasive pat
tern, and stromal reaction were similar for both carcino
gens. Also, all tumors showed protruded type, polypoid, or
plaque-shaped carcinomas and polypoid adenomas. Oven
all, the effects of MNU on the large bowel characterize it as
a more potent carcinogen than MNNG. The i.m.administna
tion of MNU to rodents presents a useful and reliable animal
model for studies on the mechanisms of colon carcinogene
sis and for the therapy of colon cancer. In this model, the
cocancinogenic influence of digestive secretions such as
bile acids on of substances formed endogenously from die
tary components could be assessed (2, 10, 12, 16, 20, 34, 36,
37).

The fact that themewas no tumor formation in the large
bowel in rats given nitrite plus methylurea under physiologi
cal conditions is a sensitive, biologically significant indica
ton for the absence of nitrosation at the normally prevailing
pH in the presence of the gut flora. This is in contrast to the
observation of Alam et a!. (1) and Klubes et a!. (13), who
presented analytic data for nitrosamine production from
secondary amines at neutral pH by bacteria alone on by a
combination of bacteria and tissue. Our data can be inter
preted to mean that in situ nitmosation of a substrate given a
direct-acting carcinogen of the type of an alkylnitmosamide
is not a probable event in the large bowel.
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