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SUMMARY

The influence of various compounds on pulmonary tumor
formation in mice after a single dose of urethan was
investigated. Pretreatment by the microsomal enzyme inducers
chlordane, phÃ©nobarbital, and 0-naphthoflavone reduced the
yield of lung tumors, but phenothiazine and diethylamino-
ethyl diphenyl valerate (SKF-525A) did not. None of these
agents by themselves were carcinogenic to the mouse lung in a
16-week test. 3-Methylcholanthrene pretreatment induced
lung tumors, the incidence of which was decreased by the
subsequent injection of urethan.

Treatment with actinomycin D, puromycin, and
cycloheximide, which are expected to affect macromolecular
synthesis, gave the same pulmonary tumor incidence after a
single dose of urethan as that noted in controls given the
vehicle plus urethan.

These data demonstrate that certain enzyme inducers
sharply modify the pulmonary tumor yield, but they fail to
give a clue to the possible existence of an active metabolite
derived from urethan, or the need for macromolecular
synthesis in target cells for the operation of the induction
process.

INTRODUCTION

Despite intense efforts over the last 25 years, no formal and
definitive statement can be made on the mechanism of action
of urethan (ethyl carbamate) (8). Several questions seem
interesting in the light of contemporary advances. One is the
problem of whether urethan is the actual active carcinogen or,
like some other chemical carcinogens, requires metabolic
activation. The second question deals with the state of the
target tissue, namely, alveolar cells in mouse lung. Is there a
need for synthesis and turnover of key cellular macro-
molecules? This point can be analyzed by means of select
modifiers of the synthesis of these macromolecules.

This paper deals with the results obtained from an
experimental analysis of these questions.

MATERIALS AND METHODS

At the age of 6 weeks, male mice of the A/J strain (Jackson
Laboratories, Bar Harbor, Maine) were divided into groups and
given injections on appropriate dose schedules, as listed in the
footnotes to Table 1. The compounds used which affect the
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metabolism of drugs were chlordane, phenothiazine,
phÃ©nobarbital, 0-naphthoflavone, diethylaminoethyl diphenyl
valerate (SKF-525A) and 3-methylcholanthrene. Other groups
of mice received actinomycin D, puromycin, and
cycloheximide, which influence the metabolism of cellular
macromolecules. Control groups of mice were given i.p.
injections of 0.9% NaCl solution (Table 1) or 0.01 ml/gbody
weight corn oil (MazÃ³la) as appropriate. Urethan at 1 mg/g
body weight in 0.9% NaCl solution was injected at 0 time in
the appropriate experimental and control groups.

The mice, which were housed in groups of 10 in plastic
cages with air filter covers, had free access to Wayne Lab Blox
and water. They were weighed biweekly. Sixteen weeks after
the urethan injection, the mice were killed by cervical
dislocation and carefully necropsied. Liver, kidney, and spleen
weights and hematocrit were recorded. Lungs were fixed in
10% formalin solution, and the number of superficial tumor
nodules on each lung were counted and recorded ( 10).

RESULTS

Pretreatment with the various enzyme inducers or metabolic
inhibitors failed to affect the rate of body weight gain, liver,
kidney, and spleen weight, or the hematocrit when compared
to simultaneous untreated or 0.9% NaCl solution-treated
control mice.

The data on the effect of the pretreatment schedules on
urethan pulmonary carcinogenesis will be discussed serially,
with the groups of animals arranged in the order in which the
experiments were conducted. Several of the tests were
repeated. In every series, all urethan-injected mice had lung
tumors, but quantitative measurement was obtained by
evaluation of tumor multiplicity (10). Because of some
variation in the pulmonary tumor count from experiment to
experiment, slightly different quantitative results were
obtained, although the relative change due to specific
treatment was identical in the various groups (Tables 1 and 2).

In Test Series 1, 0.9% NaCl solution-treated mice that also
received urethan exhibited 22.6 nodules per lung,whereas none
were seen in the controls not receiving urethan. Mice given
corn oil and urethan had a tumor incidence similar to those
given 0.9% NaCl solution. On the other hand, a considerably
lower tumor incidence was found in mice that received 3 doses
of chlordane on Days -3, -2, and -1 and a 4th dose together
with urethan. Animals on chlordane alone without urethan
responded like oil controls.

In Series 2, 15.4 tumor nodules were found in the urethan
only group. In this series also, chlordane decreased the tumor
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Table l
Effect of enzyme inducers and inhibitors of macro molecular synthesis

on pulmonary tumor induction by urethan in male A /J mice

Lung tumors"

No. of positive
mice/total mice"

No. of
nodules/mouseb

Series1234Treatment0.9%

NadsolutionCorn
oilChlordanedUntreatedChlordanedPhenothiazine^PhÃ©nobarbital^SKF-525AÂ«Corn

oil/3-Naphthoflavone'13-Methylcholanthrene1UntreatedPhÃ©nobarbital'Puromycin-'CycloheximidefeActinomycin'Urethan20/2019/1910/1010/1011/1126/2619/1929/2911/1125/2513/1320/2017/1730/3029/2920/20No

urethan0/101/101/61/91/74/141/190/190/91/1120/201/200/101/201/201/20Urethan22.6

Â±21.6
Â±13.4
Â±15.2

Â±12.0Â±15.9

Â±10.3
Â±16.1
Â±19.6

Â±13.3
Â±27.4
+19.0

Â±10.2l20.1

Â±23.2
Â±23.2

Â±1.4C2.21.3.6.4.4.4.02.31.15.42.01.01.41.42.1No

urethan00.2

Â±0.20.2
Â±0.20.2

Â±0.20.3
Â±0.20.6
Â±0.30.1
Â±0.1000.1

Â±0.192.9
Â±10.20.2

Â±0.200.3

Â±0.30.1
Â±0.10.2
Â±0.2

"After 16 weeks of test.
b Urethan (1 mg/g body weight) or 0.9% NaCl solution (0.01 rnl/g body weight) was injected

i.p. at 0 time.
eMean Â±S.E.
d Chlordane (40 Mg/gbody weight each time) was injected 3 times in 0.01 ml/g corn oil 72,

48, and 24 hr before urethan and lastly together with urethan or control 0.9% NaCl solution.
e Phenothiazine (50 Mg/geach time) was injected 3 times in 0.01 ml/g corn oil solution 72,

48, and 24 hr before urethan and lastly together with urethan or control 0.9% NaCl solution.
^ PhÃ©nobarbital(60 Mg/geach time) was injected 6 times at 72, 48, 40, 24, and 16 hr before

urethan and lastly with urethan or control 0.9% NaCl solution.
8 SKF-525A (40 Mg/g each time) was injected twice 24 hr before urethan and together with

urethan or 0.9% NaCl solution.
''(3-Napthoflavone (150 Mg/geach time) was injected 4 times 48, 24, and 4 hr before urethan

and together with urethan or 0.9% NaCl solution.
' 3-Methylcholanthrene (100 Mg/g each time) was injected twice 24 hr before urethan and

together with urethan or control 0.9% NaCl solution.
1 Puromycin (20 Mg/geach time) was injected 5 times 6, 3, and 1 hr before urethan and 3 and

6 hr after urethan or control 0.9% NaCl solution.
Cycloheximide (10 vfjfi each time) was injected on the same regimen as puromycin.

' Actinomycin D (0.&05 Mg/g body weight each time) was injected 6 times on the same

regimen as puromycin with an additional dose at 0 time together with urethan or control 0.9%
NaCl.

Table 2
Statistical evaluation of groups exhibiting

significant differences

Series Treatment groups

1234Ub+ 0.9% NaCl solution vs. U +chlordaneU
+ corn oil vs. U +chlordaneU
(untreated) vs. U +chlordaneU
(untreated) vs. U +phÃ©nobarbitalU
+ com oil vs U +0-naphthoflavoneU
+ methylcholanthrene vs.methylcholanthreneU
+ corn oil vs.methylcholanthreneU
(untreated) vs. U +phÃ©nobarbitalU
(untreated) vs. U + cycloheximide4.102.561.513.562.804.885.253.731.770.010.05<0.10.010.010.010.010.01<0.1

"Student's procedure (13) / values.
bU, urethan.

incidence to 12.0 nodules per mouse. Another enzyme
inducer, phÃ©nobarbital, gave an even lower yield of 10.3
nodules. On the other hand, phenothiazine, an enzyme inducer
under some conditions, and SKF-525A, a drug which inhibits
the synthesis of drug-processing enzymes, failed to affect the
tumor multiplicity in the lung. All of the chemicals used in the
pretreatment regimens by themselves gave the same tumor
incidence as untreated or vehicle-control animals.

In Series 3, urethan alone gave 20 tumor nodules per mouse.
The enzyme inducer ÃŸ-naphthoflavone caused a decreased
tumor multiplicity. On the other hand, the carcinogen
3-methylcholanthrene, which can act as an enzyme!inducer,
yielded a higher pulmonary tumor count when injected with
urethan. However, 3-methylcholanthrene alone gave an
elevated tumor incidence of 93 nodules per mouse. In this
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instance, the combination of urethan plus
3-methylcholanthrene produced a lower incidence than
3-methylcholanthrene alone.

In Series 4, urethan alone gave a tumor multiplicity of 19.0,
and in a duplicate test with phÃ©nobarbitalthe tumor yield was
reduced to 10.3. On the other hand, chemicals which were
expected to affect the metabolism of cellular macromolecules,
i.e., puromycin, cycloheximide, and actinomycin D, failed to
affect tumor induction by urethan. By themselves these
chemicals had no tumorigenic effect under short-term

conditions.

DISCUSSION

Two key questions dealing with the mechanism of action of
urethan in inducing pulmonary tumors in mice were studied. Is
there a need for metabolic transformation of urethan to
produce a carcinogenic intermediate? Would macromolecular
synthesis or the inhibition thereof affect the tumor yield?

Our data show that agents which act as enzyme inducers for
microsomal processing enzymes also decreased the yield of
tumor nodules in mice given urethan. Thus, phÃ©nobarbital
substantially lowered the multiplicity of pulmonary tumors.
While this work was in progress, Adenis et al. ( 1) and Silva (11,
12) reported similar findings. 0-Naphthoflavone and chlordane
likewise reduced the tumor yield; phenothiazine did not.
Wattenberg and Leong (15) discovered that (3-naphthoflavone
increased benzpyrene hydroxylase activity, not only in liver,
but also more substantially in mouse lung. Likewise,
3-methylcholanthrene increased aryl hydroxylase activity in
several organs, including lung (9). Thus, it seems that the
target tissue itself, the lung, can alter the effective level of the
agent by metabolic processes. Conversely, SKF-525A, with
demonstrated activity in inhibiting the synthesis of
drug-processing enzymes, failed to affect the pulmonary tumor
yield.

The metabolic fate of urethan has been the subject of many
studies, summarized recently in an excellent review by Mirvish
(8). Detailed knowledge, especially regarding possibly minor
yet important metabolites, is lacking. Of all the carbamates
tested, only the ethyl ester is reliably carcinogenic, and the
lower or higher homologs are not or are much less active (8).
This property automatically focuses attention on the ethyl
ester function. On the other hand, in vitro studies on
mutagenicity and related properties have established
unambiguously that ethyl carbamate is inactive under
conditions where the ,/V-hydroxy derivative is active (6).
However, in animal systems the Â¿V-hydroxyderivative is no
more carcinogenic and, in fact, is probably slightly less so than
urethan itself (8). The Weizmann Institute group observed that
jV-hydroxyurethan was readily converted to urethan in vivo
(8), but the reverse reaction was much more difficult to
demonstrate (4). Our results document that, of the various
metabolic pathways followed by urethan, the one involved in
pulmonary tumor formation is clearly decreased by several of
the enzyme inducers used here. Consequently, the effective
dose level of an active intermediate available at the target cell
must have been diminished.

Attention is drawn to the curious observation that
carcinogenic 3-methylcholanthrene and urethan did not act in
an additive manner. As expected, methylcholanthrene also
induced pulmonary tumors. Unexplainedly, the mixture of
urethan and methylcholanthrene gave an appreciably lower
yield than the hydrocarbon itself. Urethan may inhibit the
activation of polynuclear aromatic hydrocarbons, assumed by
present concepts to be required (5, 16). In any case, this result
substantiated the view of Wattenberg and Leong (15) that
noncarcinogenic materials like (3-naphthoflavone are preferable
to the often-applied carcinogenic hydrocarbons for studies in
enzyme induction. Even among the polynuclear hydrocarbons,
there are many potent enzyme inducers without carcinogenic
properties (2).

Actinomycin D, which affects DNA and DNA-dependent
RNA synthesis, and puromycin and cycloheximide, which
influence ribosomal protein synthesis, have been used to
secure information on the participation of certain of these key
reactions in the carcinogenic process of skin and liver (3, 7,
14). These materials, however, failed to affect the tumor yield
in the lung. Two obvious conclusions can be drawn. One is
that with the route and dose levels used these agents do not
act on lung macromolecular synthesis; this is related to the
effective level of agent available at the target site. Actinomycin
D given alone was tolerated at a higher dose (0.01 /Jg/g) than
that finally used (0.005 Atg/g). However, in the presence of
urethan, the mice failed to survive with the higher level. The
second alternative would be that macromolecular synthesis in
the mouse lung is subject to different controlling mechanisms
than in mouse skin or rat liver. This is not very plausible, but
additional data are required. Our results demonstrate that
pulmonary carcinogenesis was not affected by the standard
inhibition techniques. Other approaches to this question may
lead to an understanding of the multifaceted aspects of
chemical carcinogenesis.
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