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ABSTRACT

Six homologous nitrosomethyl-n-alkylamines, from n-propyl (C-3) to
n-octyl (C-8), were administered by gavage to groups of 12 male and 12
female Syrian golden hamsters as solutions in corn oil:ethyl acetate (2:1).
The solutions of C-8 to C-4 were equimolar, nitrnsomi-thyl-n-hutyhtmine
(C-4) and nitrosomethyl-n-propylamine (C-3) were given at a lower
concentration. Treatment with 0.2 ml of solution lasted 23 to 50 wk,
being stopped when several hamsters had died. Additional groups of
hamsters were treated similarly with nitrosomethylaniline and nitroso-
methylcyclohexylamine. Excepting hamsters given the latter, treated
animals had reduced survival compared with controls. The incidence of
tumors in hamsters given nitrosomethylaniline and nitrosomethylcyclo-
hexylamine was low and occurred in the liver, lungs, and spleen. Hamsters
treated with nitrosomethyl-n-propylamine and nitrosomethyl-n-butyl-
amine suffered the greatest decrease in survival. Potency judged by this
criterion decreased as the size of the molecule increased in the homolo
gous series. Virtually all of these treated hamsters died with tumors not
seen in controls. These tumors, which were common in hamsters given
all of the nitrosomethyl-n-alkylamines, were in the liver, lung, forestom-
ach, and nasal mucosa, but the incidences varied somewhat between the
compounds and between sexes. Bladder tumors were seen only in ham
sters given nitrosamines containing even numbers of carbon atoms in the
chain, namely, nitrosomethyl-n-hexylamine and nitrosomethyl-n-octyl-

INTRODUCTION

There have been numerous studies of the carcinogenic effects
of nitrosomethylalkylamines in rats, which have shown inter
esting tumor incidence patterns (1-3). This had led to attempts

to relate the different patterns of tumor induced to the chemical
structures of the compounds, and to the type and extent of
alkylatÂ¡onof nucleic acids produced by them in vivo. The most
commonly observed tumor induced in rats by nitrosomethylal
kylamines is in the esophagus (4), and a relationship to meth-
ylation of DNA in the cells of the rat esophagus among some
of the compounds was shown (5). The pattern of tumors induced
in rats by the homologous series of nitrosomethyl-n-alkyla
mines has been described (6).

As part of our examination of the comparison between species
in response to /V-nitroso compounds, we have examined the
effects of administration of a series of nitrosomethylalkyla
mines to Syrian golden hamsters, at doses similar to those given
to rats, with the objective of finding analogies that could be
related to biochemical changes they induce in the two species.
It is notable that reports of induction of esophageal tumors in
Syrian hamsters by treatment with carcinogens are rare. Most
of our experiments with nitrosomethylalkylamines in rats used
administration in drinking water, but this was less practical in
hamsters, which do not drink very much liquid. Therefore, the
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hamsters were treated with the nitrosamines dissolved in corn
oilzethyl acetate solution twice a week for a fixed number of
weeks. Several of the same nitrosamines have been tested by
gavage treatment in rats, making a comparison of effects with
the hamsters possible.

The compounds chosen for this study were nitrosomethyl-n-
propylamine, nitrosomethyl-n-amylamine, nitrosomethyl-n-
hexylamine, nitrosomethyl-n-heptylamine, and nitrosomethyl-
n-octylamine, to complement the results with the first two of
the homologous series, nitrosodimethylamine and nitroso-
nieihyletlnlamine (7); in addition, nitrosomethylaniline and
nitrosomethylcyclohexylamine were examined in hamsters,
since both induce only tumors of the esophagus in rats (8, 9).

MATERIALS AND METHODS

Chemicals. Each of the nitrosamines was prepared by reaction of the
amine (Aldrich Chemical Company) with 2 mol of sodium nitrite in
50% acetic acid for 3 h at room temperature. The solution was neu
tralized with sodium hydroxide and extracted with mÃ©thylÃ¨nechloride,
which was dried with anhydrous magnesium sulfate; the solvent was
removed; and the residue was distilled under reduced pressure. The
resulting pale yellow oils were at least 98% pure as determined by
NMR spectroscopy, which also identified them as having the expected
structure (i.e., they all were N-nitroso derivatives of n-alkylamines). All
of the compounds were stable at room temperature in the dark, no
change in NMR spectrum having been detected over a period of 5 yr
or more in some cases. No change was detected in the composition of
the solutions in ethyl acetate:corn oil (1:2) in which the treatment
solutions were prepared during several months of storage. As far as
possible the solutions of the various nitrosamines were equimolar,
except that the n-propyl compound was given at a dose equimolar with
a previous test of nitrosomethylethylamine (its lower homologue) (7),
and nitrosomethyl-n-butylamine was given at an equimolar dose to the
latter and to another group of hamsters at double that dose. It was
hoped in this way to be able to make comparisons of potency between
the compounds, without early loss of animals to toxicity. The doses of
nitrosomethylaniline and nitrosomethylcyclohexylamine were based
roughly on the results of giving similar weekly doses of those com
pounds in drinking water to rats (10).

Animal Treatments. The animals were male and female Syrian golden
hamsters of the colony of the Frederick Cancer Research Facility, born,
bred, and maintained behind a barrier. They were housed at first four
to a plastic cage, but were housed individually after 3 to 4 mo to avoid
loss of animals through cannibalism when they were debilitated. The
animals were given Purina autoclavable laboratory chow in pellets and
tap water acidified to pH 2.5 with HC1 ad libitum. The hamsters were
8 wk old at the beginning of treatment, which consisted of 0.2 ml of
the appropriate solution of nitrosamine once a week by gavage using a
syringe. The groups usually comprised 12 male and 12 female hamsters,
but the experiments with nitrosomethyl-n-hexylamine and nitroso
methylaniline in females were carried out earlier in 20 animals. The
experiment with nitrosomethylethylamine was conducted earlier in 20
male hamsters (7), and the results are repeated here for comparison.
Treatments lasted 50 wk with the two cyclic compounds and nitroso-
methylhexylamine, 40 wk with the C-7 and C-8 compounds, and 23 to
30 wk with the remainder. At the end of the treatment, the animals
were allowed to live until natural death, or they were killed when
moribund. Controls were given 0.2 ml of ethyl acetate:corn oil for 75
wk. Animals were necropsied, and all lesions and major organs and
tissues were fixed in formalin, embedded in paraffin, sectioned, and
stained with hematoxylin:eosin. All gross lesions, enlarged lymph
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nodes, brain, colon, esophagus, heart, kidney, liver, lung, nasal struc
tures, pancreas, spleen, stomach, and urinary bladder were examined
histologically.

RESULTS

The weekly dose of nitrosomethylalkylamines and the total
dose of each compound administered are shown in Table 1,
which also gives the average week of death of the treated
hamsters and of male and female controls given only the solvent
vehicle. There was a considerable difference in survival between
the groups, which has been used as one measure of carcinogenic
potency, in which shorter survival means greater potency, when
tumors induced by the treatment are implicated as the cause of
death (11). By that measure, nitrosomethyl-/i-butylamine and
nitrosomethyl-n-propylamine are similar to each other in po
tency, and less potent than nitrosomethylethylamine. Nitroso-
methyl-/i-amylamine and nitrosomethyl-w-hexylamine are suc
cessively less potent, the latter reducing survival considerably
less than the former, even after administration of a dose twice
as large. On the other hand, nitrosomethyl-n-heptylamine and
nitrosomethyl-n-octylamine are similar in potency to each other
and to nitrosomethyl-H-hexylamine. Nitrosomethylaniline has
a similar effect on survival of female hamsters (the only sex in
which this compound was tested) to the three largest nitroso-
methyl-n-alkylamines, but few hamsters treated with nitroso-
methylaniline died with induced tumors. The same was the case
with nitrosomethylcyclohexylamine, which appeared to be a
weak carcinogen in hamsters, since survival equaled controls
and it induced few tumors in the animals. However, the dose
of nitrosomethylcyclohexylamine was half that of nitroso-
methylaniline.

All of the tumors seen in this study have been described (12).
The pattern of tumors and the incidences of the various types
of tumor found in animals of each treatment group are shown
in Table 1. Other neoplasms that were seen in only one animal
of a group (and might be unrelated to the treatments) included
ductal and islet cell neoplasms of the pancreas and tumors of
the forestomach and bladder; these are not listed in Table 1.
Two hamsters treated with nitrosomethylethylamine had car

cinomas of the pancreas ducts, and two hamsters given nitro-
somethylhexylamine had uterine polyps.

The lung appeared to be the most common target for induc
tion of tumors by the homologous series of nitrosomethyl-Â«-
alkylamines from C-3 to C-8. Other common sites were the
forestomach, liver, and nasal mucosa, and the distribution of
tumor types in these organs is shown in Table 2. Commonly all
of these tumors were present in all groups, but in different
proportions. Only in the two groups treated with nitrosomethyl-
/i-hexylamine and nitrosomethyl-n-octylamine, both with even-
numbered carbon chains, were bladder tumors seen, and their
incidence was low.

DISCUSSION

Among the nitrosamines in this group, the least carcinogenic
were nitrosomethylaniline and nitrosomethylcyclohexylamine;
the latter had no effect on life span of the hamsters, but survival
of the former was reduced compared with the controls. Al
though the cumulative dose of either compound received by the
hamsters was substantial, 0.9 or 1.8 mmol, the incidence of
tumors related to the treatment was small. In females treated
with nitrosomethylaniline, 33% had tumors of the liver, and
21% had hemangiomas or hemangiosarcomas of the spleen.
Only 25% of females given nitrosomethylcyclohexylamine had
tumors of the liver, and 25% of males had lung tumors. This
very low potency in hamsters is in sharp contrast with the
effects of these two nitrosamines in rats, in which they induced
a high incidence of tumors of the esophagus, whether given in
drinking water or by gavage (8, 9). In a recent experiment, a
solution of 5 ppm of nitrosomethylcyclohexylamine in drinking
water given to rats for 30 wk (a total dose of 0.1 mmol/rat)
induced esophageal tumors in 95% of them, with a median time
of death of 58 wk (13). There were no liver tumors induced by
nitrosomethylcyclohexylamine in rats, although it is known
that it readily methylates DNA in rat liver (14); it is not known
whether this nitrosamine methylates DNA in hamster liver, or
other organs, although it can be assumed, since some liver
tumors were induced in females. Nitrosomethylaniline, on the
other hand, cannot give rise to a methylating agent, but could

Table 1 Tumors in hamsters treated with nitrosomethylalkylamines

CompoundNitrosomethylEthylaminen-Propylaminen-Butylaminen-Amylaminen-Hexylaminen-Heptylaminen-OctylamineCyclohexylamineAnilineControlDose(mg/wk)1.82.12.55.05.66.26.87.42.55.000Total
dose

(mmol)Sex0.53

a0.60.651.01.12.12.12.10.9<J
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' Mean Â±SD.
* No tumors of the nasal mucosa were seen grossly, but in this group routine microscopic examination of the nasal cavity was not carried out.
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form a phenyldiazonium ion by oxidation of the methyl group;
this could be responsible for the induction of endothelial tumors
of the spleen in hamsters. An analogous compound, nitroso-

phenylbenzylamine, which is also convertible by oxidation into
a phenyldiazonium ion, induced endothelial tumors of the
spleen and tumors of the esophagus in rats after administration
of large doses in food (15); nitrosophenylbenzylamine has not
been tested in hamsters.

The other nitrosamines in this study had very similar carcin
ogenic effects in hamsters, largely inducing tumors in the same
organs, but in proportions that differed somewhat between one
compound and another. It is improbable that the quantitative
differences are due to differences in time of appearance between
one type of tumor and another, since the two doses of nitroso-
methylbutylamine applied produced similar incidences of the
various tumors, liver, lung, forestomach, and nasal mucosa,
although the animals given the higher dose died much earlier.
There was no consistent large difference between males and
females in survival or in incidence of the various types of tumor
induced by the nitrosomethylalkylamines from C-3 to C-8; this
is similar to the findings in rats, although in the latter species
the much smaller females received a higher dose per unit of
body weight than the males, since both sexes were given the
same absolute dose.

Based on the rate of mortality in animals with induced tumors
following administration of similar doses, nitrosomethylpro-
pylamine and nitrosomethylbutylamine appear to be the most
potent of the series and comparable with the first member
nitrosomethylethylamine, which induced mainly tumors of the
liver in hamsters (7). Higher doses of nitrosomethyl-amylamine,
-hexylamine, -heptylamine, and -octylamine were needed to
cause a similar mortality rate in the hamsters to that induced
by the lower homologues. It is possible that there were slower
absorption and distribution rates of the larger molecules to
account for this, but that parameter has not been investigated.
A similar pattern was seen in rats (2).

One anomalous finding was the small number of hepatocel-
lular neoplasms in the liver of the females treated with nitro-
somethyl-n-amylamine, hexylamine, and heptylamine; there
were considerable toxic liver effects in these females, but no
tumors. Also bladder tumors were present only in hamsters of
both sexes treated with nitrosomethylhexylamine and nitroso-
methyloctylamine, both of which contain alkyl chains with even
numbers of carbon atoms. It can be assumed that, as in rats
(16), the alkyl chain is broken down by successive 0-oxidations
to the bladder carcinogen nitrosomethyl-3-carboxypropyla-
mine, which is further converted to nitrosomethyl-2-oxopro-
pylamine, which induced bladder tumors in rats when admin-
istered-intravesically (17). This does not, apparently, take place
with nitrosomethyl-w-butylamine, which failed to induce blad
der tumors in hamsters at either dose level. At the lower dose
of nitrosomethylbutylamine, the hamsters probably lived long
enough to develop bladder tumors; the rate of mortality of
nitrosomethylhexylamine-treated hamsters was similar, and
they had a high incidence of bladder tumors. The failure of
nitrosomethylbutylamine to induce bladder tumors in rats could
be ascribed to the very early death of rats with tumors of the
esophagus (3), presumably not allowing adequate time for de
velopment of bladder tumors. However, there is a dilemma in
the hamster results, since nitrosodi-n-butylamine induces blad
der tumors readily in hamsters (18), and it is not easy to
understand why oxidation of the butyl group should be different
in nitrosodibutylamine and nitrosomethylbutylamine.

Metabolism of the nitrosamines can be assumed necessary

for these compounds to induce tumors in hamsters. All of them
can be oxidized at the methyl group with formation of formal
dehyde and an alkyldiazonium ion derived from the larger alkyl
group; this is known to occur in rat liver (19). Oxidation of the
a-carbon of the larger alkyl group could also occur with all of
them (and with nitrosomethylcyclohexylamine) to form an al
dehyde and a methyldiazonium ion. In the former reaction, a
large alkyldiazonium ion would be a candidate for alkylation of
DNA in various organs, but the extent of alkylation and the
effect of the lesion formed would be expected to be different
from one nitrosoalkylamine to another. However, the nitrosal-
kylureas, which would give rise to the same alkyldiazonium ion
directly, have failed to induce tumors of lung, liver, or nasal
mucosa in hamsters. On the other hand, the second reaction
would give rise to methylation of the DNA in each case, and
this could explain the very similar spectrum of tumors induced
by all of the compounds examined here. Von Hofe et al. (5)
have shown a good correlation between methylation of DNA
in the rat esophagus by this series of nitrosomethylalkylamines
and their induction of esophageal tumors. To our knowledge,
however, the appropriate studies of alkylation of DNA in ham
sters by these compounds have not yet been undertaken.

While many of the nitrosomethylalkylamines in the present
study induce tumors of the liver, lung, forestomach, and nasal
mucosa in both rats and hamsters, they all induce tumors of
the esophagus in rats, but not a single esophageal tumor was
seen in hamsters. It has been shown by Mehta et al. (20) that
nitrosomethylbenzylamine, which is metabolized by micro-
somes of the rat esophagus and readily induces tumors of the
esophagus in rats, is not metabolized by microsomes of the
hamster or mouse esophagus. Nitrosomethylbenzylamine, a
close analogue of the compounds discussed here, can be as
sumed not to induce tumors of the esophagus in hamsters,
although it does in mice (21).

The striking similarity in carcinogenic effect of this series of
nitrosamines in the hamster liver, lung, forestomach, and nasal
mucosa suggests structural commonalities which give them an
affinity for certain receptors in these organs, which are absent
from the hamster esophagus, but present in the rat esophagus.
All of the compounds have an oxidizable methyl group, which
might be a clue to the nature of a common receptor, the identity
of which is worth seeking.
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