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In 1967 Hall et al. (1) suggested that
Mystromys albicaudatus might serve as a
useful new laboratory species for many types
of investigations. Of interest was their finding
that up to that time no neoplasms were seen
in their colony involving several hundred ani-
mals which were up to 6 years old. One
problem, in studies on carcinogenesis and on
the mechanism of action of chemical carcino-
gens, has been that many of the rodent spe-
cies currently used develop a certain inci-
dence of spontaneous tumors in various tis-
sues (2-5). This fact is a disadvantage in
bioassay systems, particularly for the detec-
tion of weak carcinogens, for which lifetime
studies are required to detect an effect, and
thus control animals also exhibit tumors. It
seemed that a species which in 1967 was
reported to present with no spontaneous neo-
plastic disease was interesting if it were sensi-
tive to typical chemical carcinogens.

Of all such carcinogens now known, the
alkylnitrosamines appear the most versatile
in the sense that every species so far tested
responded positively (6, 7). With other
agents, for various reasons such as specific
biochemical activation or deactivation pro-
cesses, there are greater differences in re-
sponse as a function of species. Thus, for a
preliminary investigation of the susceptibility
of mystromys to a chemical carcinogen, di-
ethylnitrosamine was the agent of choice.

The present paper reports our results indi-
cating that the mystromys does develop tu-
mors in the liver and in the forestomach with

1 This work was undertaken during the tenure of
a Research Training Fellowship awarded by the
International Agency for Research on Cancer, Lyvon,
on leave of absence from the Laboratory of Patholo-
gy, Rijks Instituut voor de Volksgezondheid, Biltho-
ven, The Netherlands.

this carcinogen. However, higher dose levels
are required for a longer period of time than
with the currently used rodent species, such
as rats, mice or hamsters.

Materials and Methods. Mystromys albi-
caudatus were obtained from the Rodent Pro-
duction Section of the National Institutes of
Health. As was discussed by Hall ef al. (1)
the average litter size is 2 to 3 after a gesta-
tion period of approximately 38 days. Season-
al variations in the productivity were ob-
served. Thus, animals were procured over an
extended period of time for these experi-
ments. Usually, shipments of 4 to 6 mixed
male and female weanlings were received.
They were assigned to groups treated with
diethylnitrosamine and controls, generally in
a proportion of 2 to 1. For example, with a
group of 6, 4 would be treated with carcino-
gen and 2 would not.

Diethylnitrosamine (or N-nitrosodiethyla-
mine, Eastman Kodak Co., Rochester, NY)
was dissolved in water to give concentrations
of 200, 100 and 50 ppm, and administered
thus in drinking water. Initially, the highest
level appeared to be tolerated, but after some
months on this dose a number of animals
died. Thus, the remainder of these groups
were switched to a lower dose of 50 ppm.
Most of the mystromys received 100 ppm.

The animals were housed on Sanicell bed-
ding in large plastic cages, usually in groups
of 2 to 4, where they had access to a diet of
Wayne Laboratory Blox and tap water, with
or without carcinogen, ad Libitum. Cages were
changed and the entire equipment was ster-
ilized once a week. Animals were carefully
examined every day. When it appeared that
survival was threatened they were necrop-
sied, dissected, and tissues were fixed in Tel-
lyesniczky’s formol-alcohol solution. All ab-
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TABLE I, Tumor Induction in Male and Female M. albicaudatus with Several Dose Levels of Di-
ethylnitrosamine (DENA) in Drinking Water.

No. of animals® with

Gastrie
Level of Bile duct Squamons
DENA Time on . cell
i No. of animals N . .
in water agent Hepatoma  Carcinoma Adenoma ecarcinoma Dysplasia
(ppm) (weeks) ? & Q & Q é ? & 2 & Q g
0 0-138 12 14 0 0 0 0 0 0 0 0 0 0
(control)
50 33 4 4 4 1 0 0 2 1 1 1° 1 3
100 25-40 12 15 7 5 3 3 1 1 1 4 6
200 22-42¢ 2 8 2 7 0 5 0 2 1 o 0 4

* Some animals had several of the lesions listed.
® Papilloma.

¢ One female and 3 males given a lower level of 50 ppm DENA for 13, and 7, 14 and 22 weeks, re-

spectively,

normal tissues and select grossly normal tis-
sues were subjected to conventional histologic
processing, and the sections were stained
with hematoxylin and eosin for microscopic
study.

Results. The initial weight gain of mystro-
mys at dose levels of 100 and 50 ppm di-
ethylnitrosamine. was similar to that seen in
control animals. At the 200 ppm level growth
rate was lower, indicating that this dose ap-
proximated the maximum tolerated dose,
when the carcinogen is given for a limited
time. After about 3 months animals in that
group began losing weight and exhibited
overt syndrome of toxicity. For this reason,
the dose level of the remainder of the animals
was lowered from 200 to 50 ppm, and the
animals were held on this treatment for the
remainder of their lives extending maximally
to 42 weeks. With the 2 lower dose levels of
diethylnitrosamine, the mystromys lived also
for about 40 weeks.

The main lesions due to the treatment with
diethylnitrosamine were in the stomach and
in the liver (Table I). Males and females
were equally affected. As reported (1) none
of the control animals, some of which were
held for up to 138 weeks, exhibited any
tumors.

Pathology. Liver. The extent and nature of
the liver lesions depended on the length of
treatment. Changes were found both in the
parenchymal cells and in the bile ducts. En-

larged hyperchromatic nuclei were noted in
the parenchyma throughout the liver. In ad-
dition, hyperplastic areas, hyperplastic nod-
ules, some with atypical regions, and hepa-
toma were seen. Most hepatoma were well
differentiated. Approximately 30% of the
hepatoma were mixed in that they contained
both neoplastic hepatocytes and neoplastic
bile ducts with transitional elements. The
bile duct lesions consisted of a pronounced
oval cell type and a tubular type prolifer-
ation, in which the latter often contained
atypical cells characterized by their unusual
form, basophilic cytoplasm and hyperchro-
matic nuclei. There was an accompanying
fibrosis. Furthermore, bile duct adenoma
(regular proliferating bile ducts with a de-
fined fibrous capsule) and bile duct carci-
nomas were observed. In a number of cases
cirrhosis was present. Table I lists the num-
ber of tumors developed. It was not an un-
usual finding that more than one hepatoma
developed in the same animal. In addition,
bile duct carcinomas, adenomas and hepa-
tomas coexisted in a liver.

Stomack. As in most rodents, the stomach
of the mystromys consists of a forestomach
lined by a squamous epithelium, and a glan-
dular stomach. The squamous epithelium in
the forestomach exhibits papillary foldings of
keratin, which increase in height with age.
In a number of diethylnitroasamine-treated
animals local hyperplasia of the squamous
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epithelium was noted, with thickening of the
basal cell layer. Atypical cells were observed
in this layer. These lesions are denoted in
Table I by the term dysplasia. In addition, in
some animals squamous cell carcinomas
were diagnosed. One animal bore 2 such car-
cinomas.

Discussion. In our laboratory male and fe-
male Fischer strain rats develop extensive
hepatocellular carcinoma when given 40 ppm
diethylnitrosamine in drinking water for only
10 weeks with a further 10-week holding
period under control conditions. Similar fast
cancer induction with this agent has been
found in other laboratories with rats, mice
and hamsters (6, 7). It seems quite clear
even from the preliminary observations re-
ported here that the mystromys responds
much more slowly to higher dosages of this
particular carcinogen than other rodent spe-
cies currently used in experimental carcino-
genesis studies. Considering the likelihood
that this species would probably respond
even more slowly with less potent carcino-
gens, or with agents which require specific
metabolic activation (5, 8) it would seem
that this species fails to meet the broad re-
quirements for the bioassay of chemical car-
cinogens. This is true despite the fact that in
our hands, as well as was previously demon-
strated, animals up to 3 years of age had no
spontaneous tumors, a desirable characteris-
tic. Recently, a few spontaneous tumors were
recorded even in this species, but most of
them were found in animals older than 3
years in a species with an estimated life span
of about 6 years (9). Biochemical studies on
the nature and quantity of the enzyme sys-
tems, required for the activation of chemical
carcinogens, may be useful to account for the
lower response of the mystromys (10). The
current results provide another example for
the concept that the time required for tumor
induction is proportional to the life-span of
the species (2).

Of interest is the fact that in addition to
liver tumors which included both hepatocel-
lular carcinoma as well as bile duct tumors,
the latter not induced often by diethylnitro-
samine, mystromys also developed squamous
cell carcinomas and dysplasia in the fore-
stomach. This lesion is not usually apparent
in other rodent species, although under some
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conditions gastric papillomas were seen in
Chinese hamsters (7).

Summary. A newly introduced laboratory
species, the rodent Mystromys albicaudatus,
or African white-tailed rat, was subjected to
oral administration in the drinking water of
the carcinogen diethylnitrosamine at 3 dose
levels. Male and female animals developed
hepatoma, bile duct tumors and some squa-
mous cell carcinomas in the forestomach with
a latent period of 22 to 42 weeks. Control
animals up to 138 weeks old had no tumors.
This species can tolerate higher dose levels of
diethylnitrosamine, but tumors developed
after a longer latent period than in other
laboratory rodent species used for bioassay of
chemical carcinogens. This fact, and also the
difficulty in reproduction of this species, due
to litter size and length of gestation period,
suggest that Mystromys albicaudatus is not
as suitable for bioassay of carcinogens as
currently used rodent species. Additional in-
vestigations with other agents are needed to
fully support this conclusion.

We thank T. Benjamin, S. Buono and F. Hood for
technical assistance, and the staff under J. Zuefle for
histologic processing services.

1. Hall, A, Persing, R. L., White, D. C., and
Ricketts, R. T., Lab. Anim. Care 17, 180 (1967).

2. Weisburger, J. H., and Weisburger, E. K., in
“Methods in Cancer Research” (H. Busch, ed.), Vol.
1, p. 307. Academic Press, New York (1967).

3. International Committee on Laboratory Ani-
mals, “Defining the Laboratory Animal,” 628 pp.
Nat. Acad. Sci., Washington, DC (1971).

4. Cotchin, E.,, and Roe, F, J. C., “Pathology of
Laboratory Rats and Mice,” 848 pp. Davis, Philadel-
phia (1967).

5. Weisburger, J. H., in “Cancer Medicine” (J. F.
Holland and E. Frei, eds.). Lea & Febiger, Philadel-
phia, in press.

6. Magee, P. N., and Barnes, J. M., iz “Advances
in Cancer Research” (J. P. Greenstein and A.
Haddow, eds.), Vol. 10, p. 163. Academic Press, New
York (1967).

7. Schmihl, D., “Entstehung, Wachstum und Che-
motherapie maligner Tumoren,” p. 136. Editio Can-
tor KG, Aulendorf (1970).

8. Miller, J. A., Cancer Res. 30, 576 (1970).

9. Rantanen, N. W, and Highman, B. Lab.
Anim. Care 20, 114 (1970).

10. Brodie, B. B., and Gillette, J. R., “Handbook
of Experimental Pharmacology,” Vol. 28, Pt. 2, 778
pp. Springer-Verlag, New York (1971).

Received Feb. 7, 1972, PSE.B.M,, 1972, Vol. 140.




