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Objective. To induce, evaluate and classify advanced stages of mammary gland tumours
induced by MNU.

Methods. Female Sprague-Dawley rats were injected intraperitoneally with 1-methyl-1-nitrosourea
(MNU; 50 mg.kg-1) on the day 33, 40, 47, 54 and 61 of age in the first experiment and on 50th and
113th day in the second experiment. On the 117th day (first experiment) and on the 153rd day of age
(second experiment) the rats were sacrificed by decapitation and their mammary glands were evalu-
ated both macroscopically and microscopically for the presence of grossly detectable mammary
tumours. Mammary tumours were classified according to RUSSO et al. (1990).

Results and conclusions. The final incidence of palpable carcinomas was ranging from 60 %
to 76 %. All microscopically evaluated tumours were malignant. Among the total number of le-
sions classified the percentage of invasive tumours ranged from 35 % to 44 %. No metastases were
observed in other organs in MNU treated animals.
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Since the histological structure of rat mammary
gland tumours resembles those of human ones, the
induction of mammary carcinomas by the applica-
tion of 1-methyl-1-nitrosourea (MNU) to female rats
is one of the most frequently used animal models for
the investigation of breast carcinogenesis and mam-
mary tumours treatment (WELSCH 1985; RUSSO et al.
1990; THOMPSON et al. 1995). So far a considerable
attention has been paid to the mouse models, despite
the fact that the majority of the mouse lesions are
alveolar, while in humans and rats they are predom-
inantly ductal (THOMPSON et al. 1995). In rats the most
of highly malignant tumours show some common
features with intraductal and infiltrating ductal car-
cinomas in humans (RUSSO et al. 1990).

In 1975 BOTS and WILLIGHAGEN (cf. WELSCH 1985)
reported that 6 months after monthly intravenous in-
jections of MNU to female Lewis rats multiple mam-
mary carcinomas appeared. Such model shows sever-

al advantages as compared to the widely used aro-
matic hydrocarbons, e.g. 7,12-dimethylbenzan-
thracene (DMBA) or 3-methylcholantrene (GULLINO

et al. 1975; ROSE et al. 1980; MC CORMICK et al. 1981).
Both the MNU and the DMBA models include reli-
ability of tumour induction, organ site specificity, tu-
mours of ductal origin and predominantly carcinoma-
tous histopatholological characterisation, tumours of
varying hormone responsiveness, and the potential to
examine tumour initiation and promotion processes
(THOMPSON and ADLAKA 1991). MNU induced mam-
mary tumours appear to be more estrogen dependent
than those induced by DMBA (ROSE et al. 1980). The
proportion of benign tumours induced by MNU is low-
er than that induced by DMBA (GULLINO et al.1975).
MC CORMICK et al. (1981) concluded that one of the
major disadvantages of the DMBA model is the lack
of tumour metastases. Generally, MNU induced mam-
mary carcinomas are aggressive and locally invasive
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and they are capable metastasize (THOMPSON and AD-
LAKA 1991).

The aim of the present study was to induce, eval-
uate and classify the advanced stages of mammary
gland tumours induced by MNU.

Materials and Methods

Animals. Female Sprague-Dawley rats were ob-
tained from Charles-River farm at 21 days of age.
The animals were housed 4-5 per cage and main-
tained at 23 ± 2 oC and 12 h light:dark cycle. They
were fed standard laboratory diet and had access to
water ad libitum.

Experiments. In the first experiment MNU (50
mg/kg) was injected i.p. on the day 33, 40, 47, 54
and 61 of age alternately through the left and right
abdominal wall. The MNU was always dissolved
immediately before use in 0.9 % NaCl adjusted to
pH 4 with acetic acid. The solubility of MNU in water
at room temperature was 1.4 % (w/v). The experi-
ment was terminated on the 117th day of the ani-
mals age. In the second experiment the rats were treat-
ed with the same doses of MNU on the 50th and
113th day of age. The experiment was terminated on

the 164th day of age. The animals of the shame treated
control groups received 0.9 % NaCl solution adjust-
ed to pH 4 with acetic acid only.

Examination of tumours. All animals were sac-
rificed by decapitation and their skin was examined
through translucent light. The mammary glands were
evaluated for the presence of grossly detectable mam-
mary tumours and the dissected animals with tumours
were photographed to provide identification record
on the location and gross morphology of lesions
(Fig.1). All palpable tumours were excised and fixed
in 10 % buffered formol and processed for histo-
pathological evaluation. Paraffin sections of the ex-
cised tissues were stained with hematoxylin-eosin
and according to GOMORI. Mammary tumours were
classified as recommended RUSSO et al. (1990).

Results

All tumours observed at authopsy were encapsulat-
ed and of solid consistention. There was no gross evi-
dence of acute toxicity after the administration of MNU.
Final body weights of MNU treated animals were 12.8
% less in the 1st experiment and 16.4 % less in the
second one when compared to control rats. The final
incidence of palpable carcinomas in two experiments
ranged from 60 to 76 %. All carcinomas were malig-

Ta b l e  1
Histological classification of palpable tumours after MNU

treatment (50 mg.kg-1) (1st experiment)

Animal No. Number of lesions Histol. classification

1 1 IDC-PCrCo
1 DCIS-CrCo

2 1 IDC-PCrCo
1 IDC-CrCo
1 IDC-PCr
2 DCIS-PCr
1 DCIS-PCo
1 DCIS-CrCo

3 1 DCIS-CrP
1 DCIS-Cr

4 1 IDC-P
1 DCIS-PCr
1 ITCCr

5 1 DCIS-P
1 IDC-P
1 DCIS-PCr

6 1 DCIS-PCr
2 NTC

Ta b l e  2
Histological classification of palpable tumours after MNU

treatment (50 mg.kg-1) (2nd experiment)

Animal No. Number of lesions Histol. classification

1 1 IDC-PCr
1 DCIS-Cr

2 1 DCIS-P
2 IDC-PCrCo

3 2 IDC-CrCo
1 DCIS-PCr

4 1 IDC-PCo
5 1 IDC-Cr

2 DCIS-PCr
7 1 DCIS-P
8 2 DCIS-PCo

1 DCIS-CrCo

Invasive � I, , ductal carcinoma � DC, ductal carcinoma in situ �
DCIS, non-invasive � N, tubular carcinoma � TC, papillary � P,
cribriform � Cr, comedo � Co,
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nant. There was higher variability in tumour incidence
in the 2nd experiment, 2 animals did not develop any
tumour after MNU treatment. Various combinations of
papillary, cribriform or comedo patterns of ductal car-
cinomas occurred in tumours (Fig. 2). Tubular carcino-
mas appeared infrequently. The histological classifica-
tion assigned to identified lesions of both experiments
are shown in Tab. 1 and Tab. 2.

Of total number of lesions classified in the 1st
experiment 35 % and in the second one 44 % were
invasive. Carcinomas retained normal architecture
of the gland and invaded surrounding tissues. The
tissue invasion was mostly local. Some of invasive
tumours were characterised by penetration of fin-
gerlike projections or duct-like structures or solid
sheets of epithelial cells into the surrounding stro-

ma, while the others were characterised by breaked
basement membrane (Fig. 3) and missed myoepithe-
lium only. Massive stromal response demonstrated
by fibrosis and mononuclear infiltration was fre-
quently observed (Fig. 4). Individual neoplastic cells
showed various degrees of neoplasia even in the same
tumour. Epithelial cells were enlarged with increased
nucleus/cytoplasm ratio and with enlarged nucleoli.
No metastases in distant sites were observed.

Discussion

Intraperitoneal administration of MNU provides an
extremely simple technic for inducing mammary car-
cinomas that improve the reproducibility, while the
variation in tumor number per rat within a MNU dose

Fig. 1 Grossly detectable mammary tumours (A, B, C) after MNU treatment.
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group is approximately 20-25% lower as compared to
the intravenous or subcutaneous administration (TH-
OMPSON and ADLAKA 1991). THOMPSON et al. (1995)
administered Sprague-Dawley rats with MNU (50 mg/
kg) on the 21st day of age, because the proliferative
activity of terminal end bud (TEB) is the highest in

rats of average age of 20 days (RUSSO et al. 1992).
High proliferative index is associated with the sus-
ceptibility to carcinogenic initiation (RUSSO et al.
1979). The cells initiated when MNU was given to 21
day old females were developing into ductal struc-
tures in the absence of a functional ovary (THOMPSON

et al. 1995). TEB continues the extension into the
mammary gland fat pad at this age even in ovariecto-
mized animals (SINHA et al. 1983). NANDI et al. (1995)
reported that greater proportion of mammary carci-
nomas induced in 21-day old rats could be hormone
independent. THOMPSON et al. (1998) concluded that
carcinomas in rats after treatment with MNU on the
21st day of age are dependent on ovarian hormones
for their maintenance and growth even though the bi-
ological characteristic of these tumors could be con-
siderably different from the tumours occurring in rats
injected with carcinogen after ovarian function has
been established (THOMPSON et al. 1995).

Endocrine status of MNU induced rat mammary
carcinomas appear similar to human breast cancer
(RUSSO et all. 1989). Prolactin and estrogen receptors
are present in some of the MNU induced carcinomas
(ROSE et al. 1980). Prolactin is important in the early
developmental stages of MNU induced rat mammary
gland tumorigenesis as well (WELSCH 1985). Proges-
terone at moderate levels commencing some days af-
ter or before MNU treatment inhibits tumor develop-

Fig. 2 Ductal carcinoma � papillary, cribriform pattern
and necrosis, haematoxylin-eosin (x 100)

Fig. 3 Breaked basement membrane, Gomori (x 100)

Fig. 4 Stromal response with mononucleare infiltration
and penetration of duct-like structures or solid sheets of

epithelial cells into the surrouding stroma, haematoxylin-
eosine (x 100)
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ment, when the steroid is administered during the time
of MNU administration. This resulted in an enhance-
ment of the incidence of mammary gland tumor. Preg-
nancy with lactation, commencing after MNU treat-
ment suppressed the development of mammary car-
cinomas, although mean latency period was signifi-
cantly reduced in the pregnant animals (GRUBBS et al.
1983). Despite the significance of this issue, there is
little known about the mechanism of the hormonal
requirements of mammary carcinomas (NANDI et al.
1995). THOMPSON et al. (1998) found that in 21-day
old male Sprague-Dawley rats after MNU injection
both ovarian hormone dependent and independent
mammary carcinomas can be induced. These authors
also confirmed the hypothesis that the progression of
pre-malignant to malignant lesions is inhibited in the
mammary gland by ovariectomy and the hormone in-
dependent phenotype can be conferred at the time of
carcinogenic initiation. Greater prevalence of the hor-
mone independent phenotype would occur in the rats
initiated with MNU prior to sexual maturation. The
biological characteristic of these tumours could be con-
siderably different from tumours occurring in rats in-
jected with carcinogen after ovarian function has been
established (THOMPSON et al. 1995).

We started with MNU administration after the es-
tablished ovarian function in experimental animals.
The first experiment was terminated on the 56th day
after the last injection and the second experiment on
the 51st day after the last injection of MNU. Due to
our future intention on research work we focused our
attention on the palpable tumours only. Therefore we
decided to classify histologicaly the tumours they
were over 3 mm diameter.

The most highly malignant tumours in rats have
some common features with intraductal and infil-
trating ductal carcinomas in humans, however they
are a minority of tumours induced by the commonly
used regimes. The abnormal epithelium usually re-
mains rigidly confined by the adjacent stroma, shows
no clear evidence of invasion and varies consider-
ably within and between tumours. All of these fea-
tures complicate the distinction between benign and
malignant lesions (RUSSO et al.1990).

During tumour progression in rat the preferential
amplification of the mutated Ha-ras allele (GGA ->
GAA, 12th codon), cyclin D1 gene (PRAD-1), insu-
lin-like growth factor gene (IGF 2), loss of expres-

sion of the mitogenic growth factor gene, heparin-bind-
ing growth factor midkine gene (MK) and mutation
in the tumour supressor gene, p53, are seen in the mam-
mary 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), begin-
ning at 44-49 days of age, the acumulation of p53
protein in cell was demonstrated in 22 from 37 rat
mammary tumours. These results indicate that ele-
vated cellular content of p53 is a common event in
invasive palpable mammary tumours induced by
MNU in this model system (CRIST 1996).

LU et al. (1997) demonstrated the overexpression
of cDNA fragments of gene transcripts: rat homo-
logues of human galectin-7 gene, the human/mouse
melanoma inhibitory activity/bovine chondrocyte-de-
rived 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 carcinoma-specific
molecular markers that may be helpful in investiga-
tion of mammary carcinogenesis and its prevention.

In our study the stromal response very often ob-
served in carcinomas was more prominent in inva-
sive malignant lesions than in non-invasive or be-
nign ones. The most typical and frequent of the MNU
induced are papillary carcinomas (RUSSO et al.1990).
Various combinations of papillary, cribriform or
comedo paterns of carcinomas occurred in our study.
Papillary carcinomas in uniform pattern were ob-
served rarely, but they were often dominant in com-
binations with other components.

MC CORMICK et al. (1981) concluded that one of the
advantages in the MNU model should be spreading of
metastases to distant sites. These authors in lifetime dose
response study after MNU have found non-mammary
tumours in 10 % animals. Total tumour response con-
sisted of over 400 mammary cancers, 88 benign mam-
mary tumours, and 18 tumours in other organs. In our
study all palpable lesions were malignant and most of
them were invasive, but no metastasis was observed in
other sites in our MNU treated animals. ROSE et al.
(1980) have provided biological characteristics of MNU
induced tumors in Sprague-Dawley rats and they have
been unable to demonstrate the occurrence of systemic
metastases. GREAVES and FACCINI (1984) reported that
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metastatic spread of most rodent neoplasia is uncom-
mon and RUSSO et al. (1990) concluded that very few
authors reported finding of metastases from mammary
tumours generally. Similarly, VAN ZWEITEN (1984) men-
tioned that metastases from even the most anaplastic
tumours are at low frequency.

In conclusion, all classified carcinomas were ma-
lignant. In the 1st experiment 35 % and in the sec-
ond one 44 % were invasive. Final body weights of
MNU treated animals were 12,8 % less in the 1st
experiment and 16,4% less in the second one when
compared to control rats.
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