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Recently Nettleship and Henshaw (6) observed a
significant augmentation of the incidence of pulmonary
adenomas of mice of the C3H strain treated by repeated
Henshaw and Meyer (1)
confirmed this observation working with mice of the
abe strain, which has a high spontaneous rate for
These authors have shown that
the incidence of adenomas produced by the injection

injections of ethyl urethane.

tumors of this type.

of urcthane depends on the amount applied, and con-
cluded that a single nonanesthetic dose is sufficient to
Larsen and Heston (5) studied
a number of narcotics with respect to their carcino-
Only ethyl urethane and some other
urethane derivatives were found to produce pulmonary
We have found that ethyl urethane
applied by injection or by mouth produced pulmonary

produce some effect.
genic action.
adenomas in mice.

adenomas in our noninbred strain of mice, which has a
relatively low spontanecus incidence of lung adenomas
(4). The action was very marked when the active
substance was injected or given orally. Each author
confirmed the high degree of specificity of urethane in
producing only pulmonary adenomas, since no other
type of tumor has been observed in the treated mice.

As pulmonary adenoma of mice is a special kind of
relatively benign tumor, which very frequently occurs
spontaneously, it seemed of particular interest to investi-
gate the action of urethane on an animal species which
does not develop this kind of neoplastic growth spon-
taneously. For this purpose rats secemed especially
suited, as they seldom develop spontaneous lung tumors
(2). The resistance of rat lung tissue against develop-
ment of tumors has been shown also in experiments in
which carcinogenic hydrocarbons have been injected
intravenously. R. Jaffé (3) found only 2 pulmonary
sarcomas in 90 rats injected intravenously with an oily
solution of methylcholanthrene, while 30 per cent of
the animals had tumors in some other site.

It therefore seemed of interest to investigate the car-
If the action of
this substance is as specific as the results with mice

cinogenic action of urethanc on rats.

seemed to indicate, it was hoped that some reaction of
rat lungs would be produced which does not occur
spontaneously.

MATERIALS AND METHODS

The rats used were from our own albino strain
which shows a spontaneous tumor rate of about 5. per
cent at the age of 174 years.
observed are mostly malignant retroperitoneal or sub-

"The spontanecous tumors

cutaneous sarcomas, squamous epitheliomas of eyes and
ears-and a few cases of benign mammary adenomas.
No spontaneous pulmonary tumors nor spontaneous hepa-
All animals were 2 to
3 months old at the beginning of the experiments.
The urethane was administered by the oral route or

tomas have ever been observed.

injected Intraperitoneally.
line product was thoroughly mixed with the dict in an
amount such that the food contained 0.15 per cent of
The diet consisted of peanut presscake,
ground corn, powdered milk, salt, and 2 per cent

In the first case the crystal-

urethane.

sesame oll, to which was added a concentrated prepara-
tion of vitamins A and D.  The food was administered
ad libitum. ‘The animals gained weight on this diet
containing urethane. It was continued until the rats
died or were sacrificed. The last animals were killed
after 15 months on the diet.
urcthane was injected; 1 cc. of a 10 per cent aqueous
solution was administered to each animal by the intra-
peritoneal route. All the animals weighed about 100
gm. at the beginning of this experiment. The dose
was sufficient to anesthetize them. .The injection was
The early mor-
tality was higher in this group than in the group that
received the urethane with the diet.

Each rat that died or was sacrificed was autopsied

In another series the

repeated 30 times within 3 months.

Tissue of
lung, heart, liver, kidney, and spleen was fixed in

and examined for the presence of tumors.

formol or Bouin solution and microscopic examination
was performed In the usual manner.” It may be empha-
sized that the percentage of pulmonary adenomas
reported may be a minimum number, because when
the nodules were very small, it was possible to miss

them in the cutting of the paraffin block. Only tumors

*We are indebted to Prof. R. Jaffé and Dr. J. A.
O’Daly for the microscopic examination of the material.
A detailed description will be published later.

107



108 Cancer Research

that have been confirmed microscopically are reported
in this paper.

RESULTS

In Table I 2 summary is given of the tumors observed
in rats after treatment with urethane. As no tumor
was found in animals that died within the first-3 months
after the beginning of the treatment, we did not include
them In the series fed a diet
containing 0.15 per cent of urcthane, 28 per cent

in the calculation.
developed pulmonary adenomas. If only those animals
that survived one year or more are counted, the per-
centage of animals with pulmonary adenomas is 59.
In the series receiving injections of urethane, the per-

size. Mostly they were about 1 mm. in diameter, in
a few cases nodules of 5 mm. diameter have been found;
in other cases the lesions were not visible macroscopi-
cally.

In addition to the lung tumors, we found a number
of hepatomas, which must be regarded as clicited by the
treatment with urethane. The percentage was less than
that of the lung tumors; in the group of rats fed the
diet containing 0.15 per cent of ethyl urcthane only
one case of an incipient and macroscopically invisible
hepatoma has been observed, whereas the animals
injected with that compound showed 27 per cent of
hepatomas when the animals that survived more than 3

months are included. In all the cases of hepatomas

TasLe I

.
Tumors found in animals dying at

Initial
numbers
Series of p
1no. ’ Treatment animals 3 mos.
71 Stock diet 57 10 negatives
contaimng

6 mos.

8 negatives
1 bronch. prol.

9 mos. 12 mos. 15 mos.

8 negatives
2 bronch. prol.

6 negatives

5 bronch. prol. 2 bronch. prol.

0.15% urethane 2 metapl. 1 metapl. 2 metapl.
2pulm. aden. 5 pulm. aden.
1 endothel.
1 sarcoma
1 hepatoma
66-B 30 Injections of 28 10 negatives 2 negatives 7 negatives
100.mgm. urethane 1 hepatoma 3 hepatomas
each 1 pulm. aden.
1 sarcoma
66-A 30 Injections of 25 6 negatives 4 negatives 1 negative 1 negative 5 negatives

100 mgm. urethane
each plus 1 i, v.

injection of 2 mgm.
methylcholanthrene

1 brench. prol.
1 sarcoma

1 bronch. prol. 1 carc.4 bronch.
prol.

2 hepatomas
pulm. aden,

4 hepatomas

Tumors and proliferative pulmonary lesions observed in rats after treatment with ethyl urethaue.

centage of animals with lung adenomas was 7 in those
that survived more than 3 months, and 8 in those sur-
viving 1 year.

Microscopic lesions of a proliferative character have
been observed in the lungs of a number of the treated
animals. Metaplasia of the alveoli and proliferation of
the bronchial epithelium have been found.
cases these lesions existed together with real adenomas.

- The tumors were mostly multiple and varied greatly in

In several

observed in these animals the tumors were not visible
with certainty macroscopically, although the tumor-bear-
ing livers were of a dark color or showed some suspicions
Microscopically the tumors resembled those
observed after the feeding of p-dimethylaminoazoben-
zene.

clear zones.

Also included in Table I are the animals of a series
which had been treated identically with those receiving
urethane injections, but in addition got a single intra-

DESCRIPTION OF FIGURES 1 TO 6

F16. 1.—Macrioscopic aspect of lung of rat fed diet con-
taining 0.15 per cent of ethyl urethane for 13 months.
Two adenoma nodules are visible.

Fic. 2—Microscopical aspect of pulmonary adenoma of
rat fed diet containing 0.15 per cent of urethane for 12
months.

Fic. 3.—Microscopical aspect of lung adenoma in rat 10
months after having received 30 injections of 100 mgm. of

urethane each.

F1. 4—Epithelial metaplasia of alveolae in rat treated
with urethane injections.

Fic. 5.—Hepatoma in rat treated with 30 injections of
urethane and kil'ed after 15 months.

F1c. 6.—-Hepatoma in rat treated with 30 injections of
urethane and 1 injection of methylcholanthrene, killed 12
months after beginning of treatment.
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