
(CANCER RESEARCH 47, 3968-3972, August I, 1987]

Carcinogenesis by Nitrosodialkylamines and Azoxyalkanes Given by Gavage to
Rats and Hamsters1

William I Â¡Â¡Â¡risky,Robert M. Kovatch,2 and Charles W. Riggs3

Laboratory of Chemical and Physical Carcinogenesis, BRI-Basic Research Program, NCI-Frederick Cancer Research Facility, Frederick, Maryland 21701

ABSTRACT

The carcinogenic effects of three nitrosamines, nitrosodimethylamine
(NDMA), nitrosodiethylamine (NDEA), and nitrosomethylethylamine
I\MI AI, and two azoxyalkanes, azoxymethane and azoxyethane, have
been compared by administration by gavage of multiple equimolar doses
to F344 rats and Syrian golden hamsters. NDMA and azoxymethane
were severely toxic to hamsters, requiring the use of lower dose rates. In
hamsters, the most commonly observed tumors were hepatocellular,
cholangiocellular, and vascular tumors of the liver, but azoxyethane,
NMEA, NDMA, and NDEA also induced tumors of the nasal mucosa,
and azoxymethane induced tumors of the colon. In hamsters, NDEA and
azoxyethane were less potent carcinogens than the corresponding methyl
compounds, NDMA and azoxymethane. In contrast, in rats the two ethyl
compounds were more potent than the corresponding methyl compounds,
and NMEA was intermediate in potency. In rats, all three nitrosamines
commonly induced liver tumors, mostly hepatocellular, but few liver
tumors were induced by the two azoxyalkanes. Instead, azoxymethane
induced colon tumors and azoxyethane induced tumors of the nasal
mucosa. When given by gavage, NDMA induced a high incidence of
mesenchymal tumors of the kidney and alveolar-bronchiolar tumors of
the lungs as well as liver tumors.

INTRODUCTION

There have been several differences noted in the carcinogenic
effects of a compound between administration in food or drink
ing water and "pulsed" doses given intermittently by gavage or

injection. The differences are, presumably, due to differences
in pharmacokinetics between low dose rates and high dose
rates. These differences are being given increased attention,
because they have a strong bearing on the outcome of many
Carcinogenesis experiments and their interpretation. In the
experiments with W-nitroso compounds conducted in this lab
oratory for more than a decade, most of the Carcinogenesis tests
have been conducted with the carcinogen administered in drink
ing water; the exceptions have been with compounds which are
not sufficiently soluble in water. In several cases, the nitroso
compound was given both in drinking water and by gavage,
with similar total doses administered each week in both exper
iments, and the spectrum of tumors induced was often different
(1). In addition, it is customary to study metabolism and DNA
al kvlat ion in relation to Carcinogenesis by administration of the
carcinogen as a single dose (usually by gavage). It has not been
entirely appropriate, therefore, to compare the biochemical
results with the results of Carcinogenesis studies with the com
pound in drinking water. The large number of biochemical
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studies with simple methyl- and ethylnitrosamines and azoxy
alkanes in progress indicated a need for information about the
tumors induced by those compounds when given to rats and
hamsters by gavage.

We have, therefore, undertaken studies of the effects of
administration by gavage of NDMA,4 NDEA, azoxymethane,

azoxyethane, and NMEA. Rats were treated twice a week with
a dose equal to half that previously administered weekly in
drinking water, and for approximately the same number of
weeks; hamsters were treated by gavage once a week with the
semiweekly dose given to the rats. The hamsters, which were
smaller than the rats, received each week approximately the
same dose per unit body weight of each compound as did the
rats; the rats weighed 250-350 g during most of the treatment
and the hamsters weighed 120-150 g.

MATERIALS AND METHODS

Chemicals. The three nitrosamines were prepared and purified as
described previously (2), as were the two azoxyalkanes (3).

Animal Treatments. Groups of 16 or 20 male F344 rats were bred
and maintained within a barrier facility of the Frederick Cancer Re
search Facility, and were 8 weeks old at the beginning of treatment.
Similarly, groups of 10 or 20 male Syrian golden hamsters, bred and
maintained in this facility, were 8 weeks old when treatment began.
The animals were fed Wayne sterilizable feed and were given tap water
(acidified with HC1 to pH 2.5, to suppress Pseudomonas) ad libitum.
Rats were housed four to a cage throughout the experiment and
hamsters initially five to a cage, but after 3 months were housed singly,
to prevent cannibalism as their clinical condition deteriorated.

For the rats, solutions of the compounds were prepared for gavage
treatment every 5 to 8 weeks by dissolving in corn oil (MazÃ³la brand)
at the appropriate concentration. Between treatments, the solutions
were stored in amber bottles in the dark at 4Â°C;there was no decom

position under these conditions, as shown by occasional analysis of
some of the solutions by gas-liquid chromatography. Twice a week,
with a 3-day interval, each rat was given 0.2 ml of one of the solutions,
or of corn oil in the case of the controls, by intubation into the stomach
(gavage). This continued for 20 to 30 weeks, depending on the com
pound (the specifics are in Table 1).

Solutions for the hamsters were prepared by dissolving the com
pounds in sterile (boiled) deionized water. Hamsters treated with 1.5
mg NDMA or azoxymethane once a week began to die after 4 weeks
of treatment. Azoxymethane and NDMA were so toxic to the hamsters
that new groups given 0.75 mg twice weekly had toxic signs after 6
weeks, so that the scheduled 20-week treatment could not be concluded.
Finally, a group of 10 male hamsters were each given 0.1 ml (containing
0.75 mg) of the same solutions once a week for 20 weeks, which all of
the hamsters survived. The animals were allowed to die or were killed
in a moribund state with CO... Each animal was necropsied, all lesions
and major organs were fixed in buffered formalin, embedded in paraffin,
sectioned, and stained for histolÃ³gica!examination.

Statistical Methods. Tumor incidences for the several compounds
were analyzed by the Fisher exact test (4) for pairÂ«isc comparison and
by the x2 test (5) for three or more compounds. Survival patterns were
compared by the methods of Cox and Kruskal-Wallis, using the com
puter program developed by Thomas et al. (6).

4The abbreviations used are: NDMA, A-nitrosodimelhylamine; NDEA, N-
nitrosodiethylamine: NMEA, /V-nitrosomethylethylamine.

3968

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/15/3968/2428261/cr0470153968.pdf by guest on 19 M

ay 2023



D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/15/3968/2428261/cr0470153968.pdf by guest on 19 M

ay 2023



D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/15/3968/2428261/cr0470153968.pdf by guest on 19 M

ay 2023



CARCINOGENESIS BY NITROSODIALKYLAMINES AND AZOXYALKANES

Table 3 Carcinogenesis in Syrian hamsters by azoxyalkanes and nitrosamines
Liver"CompoundNitrosodimethylamineAzoxymethaneNitrosodiethylamineAzoxyethaneNitrosomcthylethylamincTotal

dose,mg
(mmol)6

(0.08)10(0.13)15(0.2)7.5(0.1)10(0.13)15(0.2)50

(0.5)20
(0.2)50
(0.5)20
(0.2)45

(0.5)13.5(0.15)18(0.2)Median

deathwith
tumors44412941442547692768357081AAR*14510614102010201020109Hepa-tocel-lular1020"4111"152*11Â«1476"Nasal

mucosaHeman-giosarcoma115Â»1610e32*20"610-Cholangi-ocellular621*35V0o-00-1135"Total1136"61310*173*3o-1978Ccarcinoma/adenoma201*01o-6y180*1122'Colon/cecum
Forestomachadenocarcinoma00o-410o-0V0o-020Â«papilloma00V00V2V3o-01o-Other*(A)(B)(Q(D)(E)(F)

* AAR, animals at risk.
* Other neoplasms, (A) two ileum adenocarcinoma; (B) three trachea adenoma, one thyroid follicular cell adenoma, one lung alveolar/bronchiolar adenoma, one

adrenal cortex adenoma; (C) three trachea adenoma, three Harderian gland adenoma, one malignant lymphoma; (D) two pancreas duct carcinoma, two trachea
adenoma; (E) one pancreas duct carcinoma, one testis adenocarcinoma, one adrenal cortex adenoma; (F) two adrenal cortex carcinoma.

' Tumor incidences with the same superscript do not differ significantly, as determined by pairwise Fisher exact tests with significance level set at P < 0.02 (two-

tailed).
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Fig. 1. Kaplan-Meier survival curves for rats with respect to death from all
cases. Treatment groups, NDMA (O); azoxymethane (A); NDEA (â€¢),azoxyethane
(â€¢);NMEA (D).
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Fig. 2. Kaplan-Meier survival curves for hamsters with respect to death from
all causes. Treatment groups, NDMA; (A), azoxymethane (â€¢);NDEA (O); azox
yethane (â€¢);NMEA (D). These groups received equimolar (0.2) doses.

esis by nitrosamines (9, 10), although there is far from an
adequate understanding of it. In the present experiments it
seems that liver tumors are most commonly induced when the
nitrosamine or azoxyalkane passes through the liver at rela
tively low concentrations, as when the compound is absorbed
at low concentrations from the GI tract. At greater concentra
tions, as when the compound is given in pulsed doses by gavage,
much of the dose escapes the liver's first pass metabolism and

reaches other organs in sufficient quantities to induce tumors.
This does not, however, explain the frequent failure of liver
tumors to be induced by the activation in the liver of the amount
of carcinogen that is metabolized, especially in view of the
carcinogenic effectiveness of NDMA in the liver of rats at quite
low doses (11, 12). Neither does it explain why azoxymethane
failed to induce liver tumors in rats by gavage, although it is a
methylating agent comparable with NDMA (13). Similarly,
NMEA did not induce kidney tumors in rats by gavage, al
though it is a methylating agent comparable with NDMA,
which induced many kidney tumors. Furthermore, NDEA in
duces tumors of the liver, esophagus, and nasal mucosa in rats

whether given by gavage or in drinking water, whereas azoxy
ethane induced tumors of the liver, esophagus, and nasal mu
cosa in almost every rat when given in drinking water (3), but
few tumors of the liver and almost none in the esophagus when
given by gavage. It seems that pharmacological factors are
major determinants of which organs undergo neoplastic trans
formation.

This is borne out by the results of giving the same compounds
to hamsters by gavage in approximately the same doses received
by rats. As measured by the median week of death (Table 3),
NDMA and azoxymethane are much more potent than are the
corresponding ethyl compounds, a complete reversal of the
order in rats. Preliminary information suggests that there is not
a great difference in the extent of alkylation, and none in the
pattern of alkylation, between rats and hamsters given the same
compound, NDMA, azoxymethane, or NMEA, for example
(13). In hamsters, NDMA and azoxymethane are of similar
potency, while NMEA, which also induces mainly liver tumors,
is much less potent than NDMA and azoxymethane, and closer
to NDEA and azoxyethane (Fig. 2). This suggests that in
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hamsters the ethyl group in NMEA is the determining factor
in its carcinogenic activity. None of the compounds induced
kidney tumors in hamsters. NDEA and a/ox yet hanc, each much
less potent than its corresponding methyl homologue, induce
tumors in almost all hamsters. At the higher dose rate NDEA
induces mainly liver tumors, but azoxyethane induced very few
liver tumors, and most animals died with tumors of the nasal
mucosa. While pharmacokinetics and biochemical activation
play an important role in carcinogenesis by these compounds,
the profound differences in response between rats and hamsters
indicate that there are characteristics of these two species that
underlie the susceptibility to transformation of cells in certain
organs. A similar difference in response of rats and hamsters
has been reported in the case of nitrosoalkylureas (14, IS) and,
in this case, metabolic activation plays a negligible role, since
they are directly acting carcinogens. Additional understanding
of these other important species characteristics seems to be
needed before the many studies of DNA alkylation and muta
genesis by these carcinogens can be evaluated.
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