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CHEMICALLY INDUCED CARCINOGENESIS: A COMPARISON
OF 1-METHYL-1-NITROSOUREA, 7,12-DIMETHYLBENZANTHRACENE,
DIETHYLNITROSO-AMINE AND AZOXYMETHAN MODELS
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The induction of mammary gland and other organ tumours by selected chemical carcinogens, 1-
methyl-1-nitrosourea, 7,12-dimethylbenzanthracene, diethylnitrosoamine and azoxymethane is de-
scribed and their application in experimental carcinogenesis research is discussed.
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Chemically induced carcinogenesis models in the
rat are widely used for studying the biology of can-
cer and for developing and evaluating cancer pre-
vention strategies. The most used chemical carcino-
gen models, 1-methyl-1-nitrosourea (MNU), 7,12-
dimethylbenzanthracene (DMBA), diethylnitrosoam-
ine (DEN) or azoxymethane (AOM) have been
predominantly used in the investigation of a variety
of novel cancer chemopreventive agents (Ip 1996).

1. 1-methyl-1-nitrosourea (MNU)

The carcinogenicity of MNU and N-ethyl-N-ni-
trosourea (ENU) was studied with the use of
a hamster tracheal tumour model system. Hamsters
received 15 or 10 once-weekly treatments with ei-
ther 0.5 or 0.25 % solution of MNU and the experi-
ment was terminated 9 months after the first intratra-
cheal instillation. Other hamsters received 15 once-
weekly treatments of'a 0.5, 0.25, or 0.125% solution
of ENU and were killed at 6 months. Treatment with
MNU resulted in a dose-dependent induction of tra-
cheal carcinomas; 94 % of the tumours induced were
combined epidermoid and adenocarcinomas. Treat-

ment of hamsters with a 0.5, 0.25, 0.125 % solution
of ENU induced an 83, 64, and 71 % incidence of
benign tracheal tumours, respectively (papillomas
and polyps). No tracheal carcinomas were induced
by ENU (Grugess et al. 1981).

The efficacy of s.c. administration of MNU for
the induction of mammary carcinomas was compared
with the i.v. method of carcinogen injection in fe-
male Sprague-Dawley rats. Animals were injected
at 50 days of age with 50 mg MNU per kg body
weight. Animals were palpated for tumour detection
weekly and the experiment was ended 180 days af-
ter injection with the carcinogen. Cancer incidences
were similar, 95 versus 90 % in animals given MNU
either s.c. or i.v. with an average of 3.9 and 3.9 can-
cers per rat, respectively. Time of tumour appear-
ance was essentially identical under both treatment
conditions. Using either method of carcinogen ad-
ministration resulted in the induction of approximate-
ly 2.4 times more carcinomas in the cervical-thorac-
ic mammary glands than in the abdominal-inguinal
glands with no differences observed in cancer oc-
currence in the left versus the right mammary gland
chains. The data indicate that the administration of
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MNU is as effective and specific in the induction of
mammary carcinomas (THompsoN and MEEKER 1983).

In 1991, dose-response relationships for the in-
duction of mammary tumours by a single i.p. injec-
tion of MNU were studied (THoMPsON and ADLAKHA
1991). Female Sprague-Dawley rats were given i.p.
injections of 50, 37.5, 25, 12.5, or 0 mg MNU/kg
body weight at 50 days of age. Animals were palpat-
ed for tumour detection twice weekly throughout
a 28-week observation period. Administration of
MNU i.p. caused no acute toxicity but induced both
benign and malignant mammary tumours. However,
malignant tumours appeared earlier and at a faster
rate than benign tumours. The incidence and num-
bers of mammary carcinomas increased whereas
median cancer-free time decreased with increasing
dose of MNU. Approximately twice as many mam-
mary cancers were observed in the cervical-thoracic
as in the abdominal-inguinal mammary gland chains
irrespective of carcinogen dose. The mammary tu-
mour response attained via i.p. injection was similar
but the coefficient of variation for tumour multiplic-
ity within a carcinogen dose group was lower in com-
parison to that observed when MNU was adminis-
tered i.v. or s.c. Among these techniques for carcin-
ogen injection, the i.p. route is the most rapid meth-
od and offers an added advantage of ease of
administration with quantitative, reproducible deliv-
ery of the desired amount of carcinogen and
a decrease in variability of tumour response among
animals within a treatment group (THomPsoN and
ADLAKHA 1991).

Year later THoMPSON et al. (1992) made experi-
ment to determine if the tumourigenic response to
MNU in the mammary gland varied with age of ad-
ministration and was dose dependent when the car-
cinogen was injected prior to 50 days of age. Using
a recently developed method for mammary tumour
induction, MNU was injected i.p. at doses ranging
from 25 to 75 mg/kg at 35 days of age or 50 mg/kg at
28, 35 or 42 days of age. Treatment with MNU re-
sulted in induction of both benign and malignant
mammary tumours. The incidence of mammary gland
adenocarcinomas was 100 % at and above the 50
mg/kg dose of MNU, irrespective of the age at which
carcinogen was administered. The number of can-
cers increased in proportion to carcinogen dose,
whereas cancer latency decreased as the MNU dose

increased. Metastases of mammary neoplasms to
lung, liver and spleen were observed in rats injected
with MNU at 35 or 42 days of age. These data indi-
cate the dose responsiveness of MNU-induced mam-
mary carcinogenesis in rats initiated prior to 50 days
of age, the lack of effect of age at initiation if prior
to 50 days on final tumour outcome, and that the age
at which MNU is injected may affect the metastatic
potential of the mammary carcinomas that are in-
duced (THoMPSON et al. 1992).

The testing the effects of MNU are usually per-
formed on 50 day old Sprague-Dawley rats. Howev-
er, in some experiments 120 day old rats were used
to better compare with the incidence of breast carci-
noma in human. The administration of one i.v. dose
of 50 mg MNU/kg to 120 day old rats Sprague-Daw-
ley induced 75-95 % incidence of tumours 180 days
post-carcinogen treatment. MNU-induced carcino-
mas, in contrast to DMBA-induced carcinomas, are
more agresive, adenocarcinomas and hormone-de-
pendent (Moon et al. 1992).

In order to obtain an experimental model RivEra
et al. (1994) induced mammary tumours in female
Sprague-Dawley rats. The carcinogen MNU was in-
jected intraperitoneally at doses of 50 mg/kg body
weight when animals were 50, 80 and 110 day old.
Tumour sizes were measured with a caliper and their
growth parameters and histopathological properties
were tested. For 100 rats, 88.4 % of developed le-
sions were ductal carcinomas, histologically classi-
fied as 52.8 % cribiform variety, 30.6 % solid carci-
noma. Metastases in liver, spleen and lung were
present. Other primary tumours were detected with
low incidence (RI1vERA et al. 1994).

The effectiveness of the direct application of crys-
talline MNU onto the mammary gland was compared
with the systemic intraperitoneal administration
method for the induction of mammary carcinomas
in female Sprague-Dawley rats. The 10 mg crystal-
line MNU was dusted directly onto the right-inguinal
mammary gland, or 50 mg/kg body weight MNU
solution was given i.p. at 50 days of age. Animals
were palpated for tumour detection twice weekly and
killed when the tumour reached 1-2 cm in diameter
or were necropsied 30 weeks after carcinogen treat-
ment. The cumulative incidence of mammary carci-
noma was high in the dusting and the i.p. groups (12/
12; 100% and 11/13; 84 %, respectively). all of the
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78 tumours produced by dusting were adenocarci-
nomas. By contrast, 40 tumours produced i.p. were
adenocarcinomas, 1 was fibroadenoma, and 5 were
lactating adenomas. The dusting groups showed
a high number of carcinoma per rats (6.5 vs. 3.6) and
short cancer latency than the i.p. groups. In both
groups, adenocarcinomas displayed various degrees
of differentiation but no evidence was found for
metastasis. For MNU-administration, the direct dust-
ing technique is an effective method and offers add-
ed advantages of ease for the induction of mammary
carcinomas in rats (TAKAHASHI et al. 1995).

THomPsoN et al. (1995) reported a carcinogen in-
duction protocol that defines conditions under which
approximately 38 % of detectable lesions in the ab-
dominal-inguinal mammary glands were histologi-
cally classified as either intraductal proliferations or
ductal carcinoma in situ. The remainder of the le-
sions were classified as carcinomas. This response
was observed in a group of 30 female Sprague-Daw-
ley rats injected i.p. with 50 mg MNU/kg body wt at
21 days of age. The experiment was terminated 35
days following carcinogen administration. The first
palpable tumour, histologically classified as an ade-
nocarcinoma, was observed 30 days post carcinogen
administration. When the experiment was terminat-
ed (35 days post MNU), the cumulative incidence of
palpable carcinomas was 60 %. The MNU injection
resulted in >99 % incidence of palpable mammary
gland tumours that were malignant (THomPsON et al.
1995).

In 1998, THoMPSON et al. (1998a) designed an ex-
periment to examine the question of whether
a mammary epithelial cell’s independence from hor-
monal requirements is established at the time of car-
cinogenic initiation, or whether the emergence of
hormone independence is associated with the pro-
cess of tumour progression. Two experiments were
conducted in Sprague-Dawley rats injected with 50
mg MNU/kg body wt at 21 days of age. In the first
experiment 47 animals were ovariectomized after the
detection of a mammary tumour of palpable size.
Forty-six of the 47 tumours assessed, all of which
were subsequently classified as mammary gland ad-
enocarcinomas, regressed to <50 % of their initial
volume within 14 days of bilateral ovariectomy. In
2m experiment a total of 60 rats were ovariectomized
7 days after MNU was injected. At 35 days post car-

cinogen ovariectomized animals had a higher inci-
dence of intraductal proliferations than sham-oper-
ated controls (P=0.03); there was no effect of ova-
riectomy on the incidence of ductal carcinoma in situ
or carcinoma. The multiplicity of intraductal prolif-
erations was increased by 58 % in ovariectomized
rats (P=0.12), but the number of mammary carcino-
ma per rat was reduced (3.8 vs. 1.57; P=0.02). These
data are consistent with the hypotheses that the pro-
gression of pre-malignant to malignant lesions is in-
hibited in the mammary gland by ovariectomy and
that the hormone independent phenotype can be con-
ferred at the time of carcinogenic initiation (THOMP-
SON et al 1998a).

In 1998, experiment was designed to determine
the latency period between carcinogen administra-
tion and the occurrence of each of these types of
lesion. A total of 150 female Sprague-Dawley rats
were injected i.p. with 50 mg 1-methyl-1-ni-
trosourea (MNU)/kg body wt at 21 days of age.
Groups of 30 rats each were killed at 7, 14, 21, 28
and 35 days post-carcinogen. Mammary intraduc-
tal proliferations were the first detected lesions and
were observed in 20 % of the animals at 14 days
following carcinogen administration. At 21 days
post-carcinogen ductal carcinomas in sifu and ade-
nocarcinomas were observed. The number of each
type of lesion increased with time post-carcinogen,
but the temporal pattern of occurrence was differ-
ent among lesion types. Ductal carcinomas in situ
represent one pathway of morphological progres-
sion by which intraductal proliferations evolve into
invasive carcinomas, but that this lesion type, as
currently defined histologically, may not be an
obligatory intermediate in morphologic progression
(THoMmPSON et al. 1998Db).

1.1. The molecular basis of the MNU-induced
carcinogenesis

The treatment of MNU transforms mouse mammary
epithelial cells to preneoplastic and neoplastic states.
Mammary carcinomas arising from MNU-induced
hyperplastic alveolar nodules contain transformed c-
Ki-ras proto-oncogene with the present of a specific
G-35 - A-35 point mutation in codon 12, which re-
sults in the substitution of the normal glycine with an
aspartic acid. The specific c-Ki-ras mutation is
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a preneoplastic event in MNU-induced mouse mam-
mary carcinogenesis (MivamoTo et al. 1990).

During tumour progression in rat the preferen-
tial amplification of the mutated Ha-ras allele
(GGA - GAA; 12-th codon), cyclin D1 gene
(PRAD-1), insulin-like growth factor gene (IGF2),
loss of expression of the mitogenic growth factor
gene, heparin-binding growth factor midkine gene
(MK) and mutation in the tumour suppressor gene,
p53, are seen in the mammary tumours (SUKUMAR et
al. 1995; CHEN et al. 1996).

In experimental model of mammary carcinogen-
esis in female Sprague-Dawley rats induced by two
intrajugular injection of MNU (50 mg/kg), 7 days
apart, beginning at 44-49 days of age, the accumu-
lation of p53 protein in cells was demonstrated in
22 from 37 rat mammary tumours. These results
indicate that elevated cellular content of p53 is
a common event in invasive palpable mammary tu-
mours induced by MNU in this model system (Crist
et al. 1996).

In 1997 Lu et al. (1997) demonstrated overexpres-
sion of the cDNA fragments of gene transcripts: rat
homologues of human galectin-7 gene, the human/
mouse melanoma inhibitory activity/bovine chondro-
cyte-derived retinoic acid sensitive protein gene, the
mouse stearoyl-CoA desaturase-2 gene, and the
mouse endo B cytokeratin/human cytokeratin-18
gene in MNU-induced rat mammary carcinogenesis
model. These genes may represent mammary carci-
noma-specific molecular markers that may be help-
ful in investigations of mammary carcinogenesis and
its prevention (Lu et al. 1997).

In 1997 WiDscHWENDTER et al. (1997) describe the
completely loss of RAR-b expression in breast tu-
mours of 13 from 14 patients. One possibility to ex-
plain the suppression of RAR-b is a mutation in the
promoter region on chromosome 3p24 (WIDscH-
WENDTER et al. 1997).

2. 7,12-dimethylbenzanthracene (DMBA)

There is good evidence in some species, includ-
ing rats that circannual rhythms are innate and can
occur even under constant environmental conditions.
Such circannual rhythms, e.g. in hormone levels and
immune system function, may influence tumourigen-
esis. This prompted LoscHer et al. (1997) to study

7,12-dimethylbenzanthracene (DMBA)-induced
mammary carcinogenesis at different seasons of the
year in female Sprague-Dawley rats under constant
environmental conditions (photoperiod, temperature,
air humidity, food). DMBA was administered orally
at a dose of 5 mg per rat at the first day of the exper-
iment and then at weekly intervals up to a total dose
of 20 mg per rat. Rats were palpated once weekly for
the presence of mammary tumours. When the exper-
iment was performed twice within 2 years during the
same season (spring/summer), tumour incidence (56
and 61%) and tumour burden were almost equal.
However, the same experiment performed in autumn
yielded a significantly lower tumour incidence (34%)
and tumour burden. The data indicate a seasonal vari-
ation in the development and growth of DMBA-in-
duced breast cancer in Sprague-Dawley rats. One
possible explanation for this phenomenon may be
the seasonal variation in pineal melatonin produc-
tion and immune function previously reported in ro-
dents under constant environmental conditions
(LoscHER et al. 1997).

The combined application of MNU and DMBA
was compared with the administration of each car-
cinogen alone as to the effectiveness of the induc-
tion of mammary carcinomas in female Sprague-
Dawley rats. At 50 days of age, group 1 received
30 mg/kg MNU intraperitoneally (i.p.), group 2 re-
ceived 30 mg/kg DMBA 1i.p., group 3 received 60
mg/kg MNU i.p., group 4 received 60 mg/ kg
DMBA i.p., group 5 received 30 mg/kg MNU fol-
lowed by 30 mg/kg DMBA i.p., group 6 received
30 mg/kg MNU i.p. and then 30 mg/kg DMBA in-
travenously (i.v.) and group 7 remained untreated.
Animals were killed when the largest mammary
tumour reached 1-2 cm in diameter or were necrop-
sied when they were 30 weeks of age. MNU i.p.
produced no deaths (groups 1 and 3), however, the
i.p. administration of DMBA induced death due to
peritonitis (groups 2, 4 and 5), whereas the i.v. ad-
ministration of DMBA suppressed the death (group
6). All of the tumours produced by MNU were ad-
enocarcinomas of mammary origin. In contrast,
DMBA produced tumours of other than mammary
origin. The combined treatment with DMBA and
MNU increased the mammary carcinogenic effect;
it significantly increased the mean number of mam-
mary cancers per rat (SHIRAT 1997).
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3. Diethylnitrosoamine (DEN)

DEN is widely used chemical carcinogen in mod-
els of carcinogenesis of liver and esophagus.

Basophilic hepatic foci, nodules, and trabecular
hepatocellular carcinomas, collectively referred to
as focal hepatic lesions, were induced by single in-
jections of 5.0 mg DEN/g body weight in 15-day-
old B6C3 F1 mice. The only observable acute he-
patic toxic effect of DEN, a mild steatosis, was not-
ed at 3 days, but this had disappeared by 7 days fol-
lowing injection. Basophilic foci, composed entirely
of altered hepatocytes characterized by their abun-
dant cytoplasmic RNA, a high nuclear to cytoplas-
mic ratio (two times greater than normal), were first
noted at 10 weeks. During the course of the study,
basophilic foci appeared to increase in size and num-
ber. Invasion of hepatic veins by basophilic foci, first
noted at 10 weeks, was prominent by 20 weeks and
indicated that many of the lesions manifested this
characteristic of malignancy well in advance of the
anaplastic features that are also diagnostic of hepa-
tocellular carcinoma (GoLDFARB et al. 1983).

In 1986 Driver et al. (1986) have investigated
using an experimental model of rat hepatocarcino-
genesis with one i.p. dose of DEN, that low doses of
DEN resulted in the formation of hyperplastic nod-
ules, but only the high dose of DEN (30 mg/kg) re-
sulted in hepatocarcinoma formation (DRrIVER et al.
1986).

Diethylnitrosamine (DEN) when given in drink-
ing water at the dose of 4 mg/kg body weight/day,
induced esophageal papillomas consistently in 100%
ofthe ICRC mice, an inbred strain that exhibits mega-
esophagus with markedly hyperplastic mucosa. Tu-
mours were produced, even at a very low cumula-
tive dose of 28 mg/kg body weight. DEN-induced
carcinogenesis in [ICRC mouse thus provides a much
needed animal model to study esophageal tumouri-
genesis, including the two-stage carcinogenesis
(GHar1sas et al. 1989).

4. Azoxymethane (AOM)

Azoxymethane-induced carcinogenesis is very
useful model of colon-rectal tumorigenesis in rats.

Male Fischer rats, 6 weeks old, were injected once
with one of five doses of azoxymethane (5-25 mg/

kg). There was a dose response to the carcinogen as
determined by weight gain and tumour induction.
Rats given the three highest doses developed tumours
of the gastrointestinal tract, auditory sebaceous
glands, kidney, liver, and preputial gland, whereas
rats receiving the lowest doses had tumours mainly
of the intestine. Chronic liver lesions in high-dose
rats were cirrhosis with megalocytosis, mild fibro-
sis, nodular hepatocellular hyperplasia, and hyper-
plasia of bile ductules (WARD 1975).

The histogenesis of large intestinal carcinomas was
studied by use of a low dose (2 mg/kg/wk) of AOM
administered to inbred F344 rats. In marked contrast
to the standard dose (8 mg/kg/wk) studies, low-dose
AOM induced very high incidence of readily metas-
tasizing mucinous adenocarcinomas that were ex-
tremely aggressive. The carcinomas, microscopic and
macroscopic, were localized predominantly in the
proximal large intestine (SHAMSUDDIN and HoGaN
1984).

In 1985, ten-week-old male F344 rats were given
10 weekly s.c. injections of AOM at doses of 3, 7, or
14 mg/kg body weight and were killed 1 week or 15
weeks after the last AOM dose. One week post-car-
cinogen treatment, dose-dependent features of co-
lonic epithelial cells were identified: mitochondrial
injury, nuclear pleomorphism and loss of polarity.
Because these dose-dependent features were present
only shortly after AOM administration, they appeared
to be manifestations of carcinogen toxicity and as-
sociated reactive, regenerative epithelial changes. By
contrast, 15 weeks after last dose of AOM were iden-
tified: dose-dependent increased numbers of epithe-
lial cells with enlarged nucleoli, reduced numbers of
goblet cells, and reduced numbers of apical cytoplas-
mic vacuoles. Because these features persisted in
a dose-dependent manner for many weeks after the
last dose of AOM and were present after the latent
period to tumor formation, they appear to be mor-
phologic precursors to colonic carcinogenesis in the
model (PaN et al. 1985).

The liver is the most frequent site of metastases in
colon cancer (NORDLINGER et al. 1991). Any suitable
animal model has been not available until 1995 to
help improve the treatment of liver metastases or their
prevention after resection of a primary colon cancer.
Therefore, NORDLINGER et al. (1991) have designed
an experiment to develop a model of colon cancer
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induced by AOM in the rat and to study the outcome
after surgical resection alone or in association with
intraperitoneal chemotherapy by 5-fluorouracil (5-
FU). Male Wistar rats received subcutaneous AOM
(10 mg/kg body weight/week) for 12 weeks. Rats
with isolated colon cancer underwent total colecto-
my; then rats with no metastases were randomized
into two groups: surgery alone or surgery plus 5-FU
(5 mg/kg body weight/day) for 5 days after surgery.
Peritoneal carcinomatosis and liver metastases were
more frequent in the control group than after adju-
vant treatment with 5-FU (27.7 % versus 0 %). The
rates of peritoneal and hepatic recurrence after re-
section of the primary cancer indicate that the model
mimics the natural history of human colon cancer
(NORDLINGER et al. 1991).

In our recent experiments, female Sprague-Daw-
ley rats were injected intraperitoneally with MNU (50
mg.kg! body weight) at the 33, 40, 47, 54 and 61 day
of age in the first experiment of experiments and at
50" and 113™ day in the second experiment. On the
117" day (first experiment) and on the 153" day of
age in the second experiment the rats were sacrificed
by decapitation and their mammary glands were eval-
uated both macroscopically and microscopically for
the presence of grossly detectable mammary tumours.
We have found that the final incidence of palpable
carcinomas was ranging from 60 % to 76 %. All mi-
croscopically evaluated tumours were malignant. In
both experiments, various combinations of papillary,
cribriform or comedo patterns of ductal carcinomas
occurred in tumours. Among the total number of le-
sions classified the percentage of invasive tumours
were ranged from 35 % to 47 %, and no metastasis
was observed in other organs in MNU treated animals
(Liska et al. 2000).
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