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ABSTRACT

Three nitrosoalkylureas, two nitrosotrialkylureas, and three
nitrosoalkylcarbamates were given to Syrian golden hamsters
by gavage at approximately equimolar doses. Measured by the
time to death with tumors as an index, nitrosoethylurea was the
most potent carcinogen, followed by nitroso-2-hydroxyethylurea,

which was less effective in males than in females. The least
effective compounds, by this measure, were nitrosooxazolidone
and nitroso-5-methyloxazolidone. The remaining compounds,
nitroso-A/-ethylurethan, nitroso-2-hydroxypropylurea, nitroso-

methyldiethylurea, and nitrosotriethylurea appeared to be of
similar potency. All of the compounds induced papillomas or
carcinomas of the nonglandular stomach in high incidence, ex
cept in the groups given nitrosohydroxyethylurea or nitrosooxa
zolidone; exceptionally, only 35% of the latter group had tumors,
compared with 70% or more in the other groups. All of the
nitrosoalkylureas induced a high incidence of hemangiosarcomas
of the spleen, but the nitrosoalkylcarbamates did not. The quite
uniform response of the hamster to these compounds contrasts
with the great variety of organs and cell types in which they
induce tumors in the rat.

INTRODUCTION

Nitrosoalkylamides have attracted great interest as model
compounds for studying mechanisms of carcinogenesis because
they are directly acting DNA-damaging agents in many systems

(2, 5) and appear to be directly acting carcinogens (14). In an
examination of their effects in different species, they provide an
advantage in the absence of need for metabolic activation, which
is quite often a significant factor in determining the carcinogenic
response (4). Since the carcinogenic effects of a number of
nitrosoalkylamides, particularly nitrosoalkylureas, have been ex
amined, complementing them in several cases with studies of
nucleic acid alkylation (3, 6, 13), it seemed likely that additional
information would be provided by comparing their carcinogenic
effects in Syrian hamsters with those in rats. To this end, a
number of nitrosoalkylureas and nitrosoalkylcarbamates were
given to Syrian hamsters by gavage at dose rates similar to
those administered to rats. The nitrosoalkylureas were nitroso
ethylurea, nitroso-2-hydroxyethylurea, nitroso-2-hydroxypropy-
lurea, and the trialkylnitrosoureas (which require metabolic acti-
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vation), nitrosotriethylurea and nitrosomethyldiethylurea; the ni
trosoalkylcarbamates examined were nitrosoethylurethan, nitro
sooxazolidone, and nitroso-5-methyloxazolidone. The results of

these studies are presented here and compared with those
reported previously in rats.

MATERIALS AND METHODS

Chemicals. All the nitrosoalkylureas and nitrosoalkylcarbamates were
prepared as described previously: nitrosoethylurea (6); nitroso-2-hydrox-
yethylurea, nitroso-2-hydroxypropylurea, nitrosooxazolidone, and ni-
troso-5-methyloxazolidone (9); and nitroso-1-methyl-3,3-diethylurea and
nitroso-1,3,3-triethylurea (12). All were of purity above 98%.

Animal Treatments. Syrian golden hamsters of the colony of the
Frederick Cancer Research Facility, bred and maintained within a barrier,
were used in these experiments. They were 8 to 10 weeks old at the
beginning of treatment. They were initially housed 5/cage but, after 2 to
3 months, they were housed singly to avoid fighting and cannibalism.
The hamsters were fed a combination of Charles River laboratory chow
and purina rat pellets and were given acidified water ad libitum. Each
treatment was given to a group of 20 male or female hamsters (it was
not feasible to treat both sexes with each compound) and consisted of
0.2 ml of a solution of the A/-nitroso compound in ethyl acetate:corn oil

(1:2), except the nitrosotrialkylureas, which were in 50% ethanol once
per week. The treatments were planned for 30 weeks but were stopped
earlier when some animals appeared ill or had died. The 2 compounds
given to both sexes were administered for the same time. Except for the
2 nitrosotrialkylureas, the concentrations of the compounds were equi
molar. At the end of each treatment schedule, the animals were allowed
to die naturally, except for a few that were killed when moribund. A
complete necropsy was done on all animals, with fixation of all lesions,
major organs, and tissues in 10% buffered formalin. The fixed tissues
were embedded in paraffin, sectioned, stained with hematoxylin and
eosin, and examined histologically. Standard pathological criteria were
used in the diagnosis of the proliferative lesions encountered in this
study. The presence of cancer was based on one or more of the following
features: cellular atypia; atypical mitotic figures; invasive characteristics;
and mÃ©tastases.

Approximately concurrent groups of male and female untreated ham
sters served as controls. Few of these died as early as Week 50 of the
experiment, when most of the treated hamsters had died. Very few
neoplasms were found in the untreated animals, and these were occa
sional malignant lymphomas or other types of sarcoma but rarely, if ever,
tumors of the forestomach and spleen, which were common in the
treated animals of this series.

RESULTS

The mortality rates and the tumor incidences for each group
are given in Table 1.

The nitrosoalkylureas and nitrosooxazolidones were adminis
tered at approximately equimolar concentrations for similar
lengths of time, the treatment with nitrosoethylurea being the
shortest, the remainder from 22 to 30 weeks. The total doses

CANCER RESEARCH VOL. 45 FEBRUARY 1985

542

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2421720/cr0450020542.pdf by guest on 19 M

ay 2023



NITROSOALKYLUREAS AND NITROSOALKYLCARBAMATES IN HAMSTERS

Table 1

Carcinogenesis by nitrosoalkylamides in Syrian hamsters

Ci iruiunrs =>Â«""CompoundN-Nitrosoethylurea2-Hydroxyethylurea2-HydroxypropylureaN-EthylurethanOxazolidone5-Methyloxazolidone1

-Methyl-3,3-diethylurea1,3,3-TriethylureaUntreatedUntreatedConcen

tration(mg/ml)12121414161412144045Dura

tion of
treat
ment(wk)20202222242830282525Totaldose(mg)

(mmol)48

(0.4)48
(0.4)62
(0.47)62
(0.47)77
(0.52)78
(0.6)72

(0.62)79(0.61)200(1.25)225(1.3)No.

of animals withtumorsLiverHeman-giosarco020

F19
M20F20

M20F15F20F20F20

M20
M20F20

M102018202020152020172020202018162020201520201718202030000201611202041020204016502018002020509019161719703100816ma63513Cholan-

gioma/carci

noma1213Pancreas

duct car
cinoma/adenoma331221Spleen

heman-giosar-coma19181617151416Fore-stomach
squamous
cell carci
noma/papilloma16174141515518171514OtherA"BCDEFGH1JK

8 These hemangiosarcomas were mÃ©tastasesfrom the spleen.

A, 1 thorax mesenchymoma; 1 hepatocellular adenoma; 8 cervix carcinoma; 3 clitoral gland carcinoma; 2 uterine endometrÃalstremai polyp; 1 esophageal squamous
cell papilloma; 1 skin angiosarcoma; 1 spinal cord neurofibrosarcoma; B, 1 spinal cord osteoma; C, 1 trachÃ©aladenoma; 1 thyroid folicular cell carcinoma; 1 intestine
adenocarcinoma; 1 uterine adenocarcinoma; 1 ovarÃan undifferentiated sarcoma; 1 uterine endometrÃal stremai polyp; 0, 1 colon adenocarcinoma; 1 adrenal
pheochromocytoma; 1 adrenocortical carcinoma; 1 adrenocortical adenoma; 1 salivary gland undifferentiated sarcoma; E, 1 kidney hemangiosarcoma; 2 lymph node
lymphosarcoma; 1 vagina/uterus squamous cell carcinoma; F, 1 uterine adenocarcinoma; 1 ovarian granular/thecal cell tumor; 1 multiple-organ malignant lymphoma; G,
1 lymph node lymphosarcoma; 1 subcuticular undifferentiated sarcoma; H, 1 hepatocellular adenoma; 1 forestomach leiomyosarcoma; 2 tongue squamous cell carcinoma;
2 cerebral astrocytoma; I, 1 splenic undifferentiated sarcoma; 1 trachÃ©aladenoma; 1 oral mucosal squamous cell papilloma; 1 cervical lymph node undifferentiated
sarcoma; 1 esophageal squamous cell papilloma; 1 epiglottis squamous cell carcinoma; 1 spinal meninges neurofibrosarcoma; J, 1 uterine stromal sarcoma; 2 multiple-
organ lymphosarcoma; K, 1 malignant lymphoma, 1 sarcoma (heart), 1 adrenal pheochromocytoma; 3 adrenal cortex carcinomas -I- 6 adenomas; 1 omentum giant ceU

sarcoma, 1 harderian gland adenoma.

given ranged from 0.4 to 0.6 mmol. Yet, the time to death with
tumors varied quite widely, from a median of 22 weeks for
nitrosoethylurea in females to more than 50 weeks for nitroso-
5-methyloxazolidone; nitrosooxazolidone itself induced tumors
in fewer than one-half of the treated animals, and survival in this

group was similar to that of untreated animals. Although almost
all of the A/-nitroso compounds induced epithelial neoplasms of

the forestomach in high incidence and most of them also induced
hemangiosarcomas of the spleen, the rate at which the animals
died with these lesions varied considerably from one group to
another. Many of the splenic hemangiosarcomas metastasized
to the liver and other organs, but the number of hamsters with
mÃ©tastasesvaried from group to group. It is notable that, mea
sured by this criterion, the males were considerably less suscep
tible than were the females to tumors induced by nitrosohydrox-

yethylurea, although the incidence of splenic neoplasms in both
sexes was similar, but there were fewer forestomach neoplasms
in the females. Each of these animals had large hemangiosar
comas that penetrated the splenic capsule and had invaded local
soft tissue. In contrast, there was little difference in survival
between the males and females given nitrosoethylurea, and the
tumor incidences were almost identical.

With the single exception of nitrosooxazolidone, all of the
treatments led to death of most of the animals in each group
with neoplasms. The most common tumors induced were carci
nomas or papillomas of the nonglandular stomach (forestomach),
which appeared at high incidence in all but 2 groups, those
treated with nitrosooxazolidone and the females treated with
nitrosohydroxyethylurea (the incidence in males was much
higher). In all of the groups given nitrosoalkylureas, a large
proportion of the animals had hemangiosarcomas of the spleen,
and these were considered the principal cause of death of most
of these animals. On the other hand, neither of the nitrosooxa-

zolidones nor nitrosoethylurethan induced any neoplasms of the
spleen. Nitrosomethyldiethylurea induced hepatocellular and
cholangiocellular tumors in several hamsters, which were males,
and 2 animals given this compound had neoplasms of the
pancreas ducts, as did 2 hamsters given nitrosotriethylurea, 3
given nitrosoethylurethan, and 3 males given nitrosohydroxy
ethylurea; this is a type of tumor hitherto known to be induced
only by nitrosamines having or giving rise to a 2-hydroxypropyl
or 2-oxopropyl structure (11, 15). An unusual result was the

occurrence of a large number of carcinomas of the cervix and a
few of the clitoral gland in the female hamsters treated with
nitrosoethylurea, but there were no neoplasms of the central
nervous system in the males or females given this compound,
although the brain and spinal cord of each were examined.

The dose of compound received by the hamsters was similar,
although it was approximately double for the 2 nitrosotrialkylu-

reas. Nevertheless, there were large differences in the rate at
which the animals died with tumors, which is one criterion by
which potency may be measured but which is not considered
significant unless large. Hamsters without tumors in our facility
usually live for 60 weeks or more. Clearly, by this measure,
nitrosoethylurea and nitrosohydroxyethylurea are of approxi
mately equal potency. Nitroso-2-hydroxypropylurea is consider

ably less potent than is the former. Nitrosomethyldiethylurea and
nitrosotriethylurea are also of comparable potency but are con
siderably less potent than is nitrosoethylurea. The 2 nitrosoox-

azolidones are considerably weaker carcinogens than are the
analogous nitrosohydroxyalkylureas and are less effective than
is nitrosoethylurethan. Nitrosooxazolidone not only induces
fewer tumors than do the other compounds but also has the
least effect in reducing survival of the animals; the mortality rate
of this group was essentially the same as that of the untreated
female hamsters.
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DISCUSSION

Apart from the neoplasms of the forestomach, which most of
these compounds induce in both hamsters and rats, there are
profound differences in their effects between rats and hamsters.
In the case of the nondirectly acting nitrosotrialkylureas, this
could be due to differences in enzymatic activation between the
2 species. However, this is presumably not the case with the
directly acting nitrosoalkylureas and nitrosoalkylcarbamates,
cyclic or acyclic.

The action of the nitrosooxazolidones and of nitrosoethylure-

than in inducing neoplasms of the forestomach is similar in both
rats and hamsters (8, 9); presumably, the induction of these
neoplasms is through direct alkylation of the DNA in the progen
itor cells by the nitrosoalkylcarbamates. Although they are similar
in stability to the corresponding nitrosoalkylureas in simple
aqueous medium, the nitrosocarbamates might be entirely con
sumed in the stomach so that little is distributed systemically.

The homologous nitrosohydroxyethylurea and nitrosohydrox-

ypropylurea induced essentially the same spectrum of neoplasms
in the hamster, but survival in the latter group was better than
in the group given nitrosohydroxyethylurea, which seems to be
the more potent carcinogen in this species. In contrast, in the
rat, nitrosohydroxypropylurea caused very rapid death from
thymic leukemia (9) while, with nitrosohydroxyethylurea treat
ment, survival was significantly longer. However, the latter did
induce a great variety of tumors in rats, including those in colon,
bone, duodenum, kidney, bladder, thyroid, and others (9). This
contrasting response of rats and hamsters to the same pair of
N-nitroso compounds has been observed previously, even ex
tending to the cis- and frans-isomers of nitroso-2,6-dimethyl-

morpholine (7, 16). In both cases in which male and female
hamsters were given the same nitroso compound, nitrosohy
droxyethylurea and nitrosoethylurea, the incidence of neoplasms
was similar. However, survival in males was significantly better
with nitrosohydroxyethylurea, which indicated a lesser carcino
genic potency of this compound in male hmasters than in female
hamsters. The difference was not likely due to the difference in
dose per unit of body weight between males and females, since
there is only a small weight difference between the sexes in
hamsters. In F344 rats given this compound chronically, there
was a very similar response in the 2 sexes,5 and nitrosoethylurea

given to male and female hamsters produced a similar response
in both sexes.

Similarly, the contrast between hamsters and rats in their
response to nitrosomethyldiethylurea and nitrosotriethylurea is
significantly different. Nitrosomethyldiethylurea induced a high
incidence of neoplasms of the brain and spinal cord in F344 rats,
whereas nitrosotriethylurea induced mammary tumors but very
few tumors of the central nervous system (10). In hamsters, on
the other hand, both nitrosotrialkylureas induced the same tu
mors of the stomach and spleen at a very similar rate; there
were other tumors induced by both compounds in the hamsters,
but these appeared in only a small number of animals.

It is not yet possible to understand how the nitrosotrialkylureas
induce tumors in rats or hamsters. They are not directly acting
alkylating agents, and both are very weak mutagens to Salmo
nella typhimurium with rat liver microsomal activation, although
they are quite potent mutagens with hamster liver microsomal

5W. Lijinsky and R. M. Kovatch, unpublished data.

activation (1). On the other hand, neither of the nitrosotrialkylu
reas is more potent on a dose per unit of body weight basis in
hamsters than in rats, It must be assumed that they are metab
olized in the forestomach of both rats and hamsters to active
carcinogenic forms, although it is hard to imagine that these are
the same as those derived from the directly acting nitrosoal
kylureas, which also induce forestomach tumors in both species.
However, since the nitrosotrialkylureas both induce hemangio-
sarcomas of the spleen in hamsters but not in rats, it must also
be assumed that the necessary activating enzymes are present
in cells of the hamster spleen but not in cells of the rat spleen.
Furthermore, it is curious that the splenic vascular system is
susceptible to the carcinogenic action of these and the directly
acting nitrosoalkylureas but not in general the vascular system
of other organs (liver, heart, etc.) of the hamster. This bespeaks
a very subtle specificity toward these carcinogens in cells at
certain anatomical locations.

As has been discussed elsewhere (9), nitroso-2-hydroxypro-
pylurea, nitroso-5-methyloxazolidone, and nitrosobis-(2-hydrox-
ypropyl)-amine would be expected to give rise to the same

alkylating species, the last through alpha oxidation. Yet, the 3
have vastly different carcinogenic effects in hamsters [and in rats
(9)]. The nitrosamine induces in hamsters mainly neoplasms of
the pancreas, nasal mucosa, and lung, with a few of the liver,
none of which were hemangiosarcomas (11). Nitrosohydroxypro
pylurea induced neoplasms mainly of the forestomach and
spleen, while nitroso-5-methyloxazolidone induced a high inci
dence of neoplasms of the forestomach and few others. These
comparisons suggest that the 3 carcinogenic W-nitroso com
pounds do not necessarily act through formation of the same
proximate carcinogenic intermediate; instead, it is possible that
the distribution and activation of these compounds is determined
by their particular chemical structures, which, in turn, determine
their affinity for critical cellular receptors. It should be profitable,
using radiolabeled compounds, to determine the nature of these
differences in localization and intracellular binding, which should
lead to a better understanding of the possibly subtle reactions
which are involved in carcinogenesis by these compounds.
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