
Comparative study of the carcinogenic activities
of nas and some chemical carcinogens when introduced
into the buccal pouch of the Syrian hamster*
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Studies were carried out on the carcinogenic effects of nas, 7,12-dimethylbenz-
[a]anthracene (DMBA), DMBA+nas, dimethylnitrosamine (DMNA), diethylnitrosamine
(DENA), and N-methyl-N-nitrosourea (MNU) when introduced into the buccal pouch of
the Syrian hamster. Nas alone induced no tumours in the buccalpouch but tumours at other
sites occurred in 18.8 % of the treated animals, compared with 4.4 % of the controls. Three
of 11 hamsters treated with DMBA alone developed tumours. No tumours appeared in the
buccal pouch following treatment with DMBA + nas but they developed at other sites in 6
of the 11 hamsters treated. DMNA and DENA induced no macroscopic changes in the
mucous membrane of the buccal pouch. Following DMNA administration, tumours
developed only in the liver; no tumours developed following the application of DENA.
Tumours developed at various sites, including the buccal pouch, in 20 of the 25 hamsters
treated with MNU.

Since 1954, when Salley (27) first obtained
tumours of the buccal pouch of Syrian hamsters by
means of polycyclic hydrocarbons, the buccal pouch
has been used successfully as a model system for the
study of carcinogenesis of the mouth (2, 7, 16, 18, 23,
24, 28, 29, 31, 33).
Many attempts have been made to obtain tumours

of the buccal pouch of Syrian hamsters through the
action of certain tobacco-containing mixtures (betel,
nas) and their ingredients. However, the results of such
research have not given a clear answer to the question
of the carcinogenicity of the substances tested (5, 6,
17). In the preceding paper (pages 597-605 of this
issue) it was shown that no tumours arise at the site
of application when nas is introduced into the buccal
pouch.
To compare the action of nas with that of certain

other carcinogens, experiments were carried out in
which small doses of 7,12-dimethylbenz[a]anthra-
cene (DMBA) alone, DMBA together with nas (one
object of this series of experiments was to try to
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discover a possible cocarcinogenic effect of nas), and
carcinogenic nitroso compounds (dimethylnitro-
samine (DMNA), diethylnitrosamine (DENA), N-
methyl-N-nitrosourea (MNU)) were introduced into
the buccal pouch of Syrian hamsters.
Although experimental data on the action of

carcinogenic nitroso compounds on Syrian hamsters
when administered by various methods (peroral,
subcutaneous, intratracheal, etc.) are sufficiently
abundant (1, 4, 9, 10, 11, 12, 13, 14, 22, 25, 36), no
reference to the study of the effect of these sub-
stances on the mucous membrane of the buccal
pouch could be found in the literature.

MATERIALS AND METHODS

Experiments were carried out on 304 Syrian ham-
sters of both sexes aged from 1 to 3 months.

In series I (184 hamsters), nas was introduced into
the buccal pouch throughout life either as a dry
powder or as a 50% suspension in sunflower oil (the
composition of the nas, the dosage, and the methods
of introducing it into the buccal pouch are described
fully in the preceding paper of this issue). The total
dose of nas per hamster in these experiments ranged
from 6.2 to 147.5 g (mean 53.8 ± 2.5 g).a

a The composition of the nas used in these experiments
is given in the preceding paper in this issue.
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In series II, the animals were divided into two
groups, with 30 hamsters in each. A single dose of
100 ,ug per animal of a 0.1 % solution of DMBA in
benzene was applied to the mucous membrane of the
buccal pouch of the animals of the first group by
means of a tuberculin syringe with a curved needle;
the animals of the second group received a similar
dose of DMBA and, starting 7 weeks later, nas was
applied daily in the form of a dry powder by the
same method as in the experiments of series I. The
total dose of nas given to the hamsters of this second
group ranged from 11.2 to 102.5 g (mean 38.9 i
5.2 g).
The experiments of series III, IV, and V were

carried out on 10, 10, and 40 hamsters, respectively.
The animals of these series received DMNA,
DENA, and MNU, respectively, dissolved in physio-
logical saline, in a dose of 0.1 mg per animal twice a
week. The maximum total dose of each nitroso
compound was 7.5 mg per animal and the period of
administration did not exceed 9 months.

Series VI (control) included 110 hamsters on
which no experiments were carried out.

RESULTS AND DISCUSSION

The experimental results are summarized in
Table 1.
No tumours were found at the site of application

in the hamsters receiving nas. However, after its
administration into the buccal pouch, tumours at
remote sites were found in 26 (18.8 %) of the 138
hamsters that survived until the appearance of the
first tumour (17 weeks after the experiment began),
compared with 4.4% in the control (P < 0.05).
Tumours were found most frequently in the liver (13
out of 33 tumours), followed by the adrenal glands
(6 cases), the forestomach (5 cases), and the uterus
(4 cases). These tumour types are described in the
preceding paper.

DMBA
As a result of a single application of DMBA to the

mucous membrane of the buccal pouch, tumours
developed in three (27%) of the 11 hamsters that
survived until the appearance of the first tumour (23
weeks from the beginning of the experiment). One of
the three tumours was in the buccal pouch, the other
two in the forestomach.
The tumour of the buccal pouch was found 52

weeks after the beginning of the experiment and it
appeared macroscopically as a small, round, dark

violet formation with a firm consistency; it was
shown histologically to be a rhabdomyoblastoma.a
In nearly all the hamsters of this group, the mucous
membrane of the buccal pouch at the site of applica-
tion of DMBA was grossly thickened, nodular, and
covered with a large number of small ulcers and
scars. Histologically these scarred areas of mucous
membrane showed proliferation of fibrous tissue,
frequently against a background of atrophy of the
epithelium (Fig. 1). Both tumours of the forestom-
ach were typical papillomas (Fig. 2).

DMBA and nas
No tumours appeared in the buccal pouch follow-

ing the combined application of DMBA and nas to
its mucous membrane. Macroscopically, the mucous
membranes of the buccal pouches appeared identical
with those of the animals of the previous group but,
presumably owing to the added irritant action of the
nas, slower healing of the mucous membrane was
observed at the site of application of the DMBA.
Bleeding ulcers and scars were more frequent and, in
some cases, abscesses developed. Microscopic stu-
dies of the mucous membrane revealed foci of
proliferation of fibrous tissue in the submucosa
similar to those described above.
Tumours developed in 6 (55 %) of the 11 hamsters

of this group that survived until the appearance of
the first tumour (50 weeks from the beginning of the
experiment). Five of these tumours were papillomas
of the forestomach and the other was a cystic
epithelioma of the skin of the lower jaw.

Carcinogenic nitroso compounds (DMNA, DENA,
and MNU)
In these series of experiments, tumours developed

at the site of application only in hamsters receiving
MNU. In the animals receiving DMNA and DENA,
no macroscopic changes could be found in the
mucous membrane of the buccal pouch. On micro-
scopic investigation, only a very slight increase in the
degree of folding of the mucosa was observed, with
some evidence of hyperkeratosis, against a back-
ground of general atrophy of the epithelium.

After the administration of DMNA, tumours
developed only in the liver of the experimental
animals, i.e., in 5 (83 %) of the 6 hamsters that
survived until the appearance of the first tumour (25
weeks from the beginning of the experiment). Nearly

a The morphological study of tumours developing in
the buccal pouch under the influence of DMNA and MNU
was undertaken jointly with N.N. Vasil'eva (see ref. 38).
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Table 1. Development of tumours after the introduction of different substances into the buccal pouch of Syrian
hamsters

Animals with tumours Site of tumours

Mean Percentage
Substance Total dose per Number of period of of animals Fore-

used animal animals a survival surviving Buccal stomach Adrenal
(weeks) Number until puh and Liver gandrea Others

appearance puh stomach gad
of first
tumour

I. Nas 53.8 _ 2.5 g 138/184 50.9 1.9 26 18.8 0 5 13 6 9

lla. DMBA 0.1 mg 11/30 34.3 3.0 3 27.2 1 2 0 0 0

11 b. DMBA 0.1 mg
N

11/30 38.1 4.1 6 54.5 0 5 0 0 1
Nas 38.9 l-i 5.29g

IlIl. DMNA 3.4-7.5 mg 6/10 43.7 5.1 5 83.3 0 0 5 0 0

IV. DENA 1.4-7.5 mg 0/10 37.8 5.5 0 0 0 0 0 0 0

V. MNU 3.0-7.5 mg 25/40 47.8 2.8 20 80.0 13 11 1 1 2

VI. Control - 45/110 57.3 1.9 2 4.4 0 1 0 1 0

a The denominator shows the number of animals in the experiment; the numerator shows the number that survived until the appearance
of the first tumour.

all of them had a hepatocellular structure associated
with severe vascular disturbances (Fig. 3).
No tumours developed in the animals receiving

DENA. This result cannot, of course, be interpreted
as proof that this compound has no carcinogenic
effect for the number of animals used was very small.
Carcinogenic and, in particular, hepatotropic effects
of DENA in experiments on Syrian hamsters have
been demonstrated by Dontenwill & Mohr (4),
Herrold & Dunham (11), Greenblatt (10), and
others. The method of administration used may also
have had some influence (no previous investigations
of the carcinogenic effect ofDENA when introduced
into the buccal pouch have been published). The fact
that tumours developed in the liver in the experi-
ments with DMNA, in which the number of experi-
mental animals used was just as small as in the
experiments with DENA, is further confirmation of
the view expressed by other workers that DMNA, if
administered over a long period, is an extremely
powerful hepatotropic agent (8, 15, 19, 20, 34, 35,
36).
Tumours developed at various sites in 20 (80 %) of

the 25 hamsters of the group receiving MNU that
survived until the appearance of the first tumour (31
weeks from the beginning of the experiment). In 13
(52%) of the hamsters of this group, tumours ap-

peared in the buccal pouch; these were papillomas
(3 cases), a haemangioma, a keratinizing squamous-
cell carcinoma (Fig. 4), and embryonic rhabdomyo-
sarcomas (12 cases; Fig. 5). The first tumour was
found in the buccal pouch 34 weeks after the
beginning of the experiment.

Eleven (44%) of the hamsters developed tumours
of the stomach. These were papillomas of the fore-
stomach (3 cases), a glandular polyp and a leio-
myoma (1 case of each), and tumours with the
typical structure of a neurofibrosarcoma (6 cases;
Fig. 6). In some animals, multiple tumours of the
buccal pouch or stomach were observed and the
histological structure of the individual tumour nodes
differed.

In 7 cases, a tumour of the buccal pouch was
combined with another neoplasm in the same ani-
mal: 4 cases of tumour of the stomach and 1 case
each of carcinoma of the adrenal gland and squam-
ous-cell keratinizing carcinoma of the skin. Seven
tumours were found in one female that died 72
weeks after the beginning of the experiment: 2 tu-
mours of the buccal pouch (embryonic rhabdomyo-
sarcomas), 2 skin tumours (benign tumours of the
accessory structures), 1 tumour of the liver (trabe-
cular hepatoma), 1 tumour of the stomach (of the
neurofibrosarcoma type), and 1 tumour of the ovary
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(with theca-cell structure). Thus the 20 hamsters of
this group developed altogether 34 tumours; reti-
culosis was found in 1 hamster.
The results of the experiments with nitroso com-

pounds showed that, of the three substances used,
only MNU induces tumours at the site of action. In
this respect these observations agree with those of
Vasil'eva & Sokova (37), who injected these same
substances subcutaneously into a different species of
hamster (Phodopus sungorus). In experiments with
MNU, these workers observed the development of
tumours at the site of injection (subcutaneous sarco-
mas and a squamous-cell keratinizing carcinoma of
the skin) in 6 of the 40 animals that survived until
the appearance of the first tumour, whereas in
experiments with DMNA and DENA they obtained
only remote tumours. In the study by Evgrafov &
Smirnov (8), subcutaneous injection of MNU into
Syrian hamsters resulted in subcutaneous sarcomas
at the site of injection in all 10 animals treated.
The present comparative study of the action of

nas, DMBA, and carcinogenic nitroso compounds
on the mucous membrane of the buccal pouch of
Syrian hamsters confirms the authors' earlier hypo-
thesis that nas is not a locally acting carcinogen for
this species (21).

Prolonged administration of nas in conjunction
with a single application of a small dose of DMBA
to the mucous membrane of the buccal pouch did
not cause tumours to develop at the site of applica-
tion. It can therefore be concluded that, under the
experimental conditions, nas has no cocarcinogenic
effect on the mucous membrane of the buccal pouch.

Since DMBA was used in the present experiments
in extremely small single doses (0.1 mg per animal),
it is impossible to compare the results with those of
other studies in which DMBA was applied repeat-
edly in fairly large total doses, namely 20-27 mg per
animal (3, 23, 27, 29, 30, 32). In one of the series of
experiments by Dunham & Herrold (5), DMBA was
given in the same dose as in our own experiments
(0.1 mg per animal) but the experimental conditions
were different in that the carcinogen was introduced
into the buccal pouch in the form of wax pellets;
after 1-5 months, tumours developed at the site of
application in 8 of the 10 animals whereas in the
present experiments, after a single application of
DMBA to the mucous membrane, tumours of the
buccal pouch developed in only 1 of the 11 hamsters.
This difference between the effects of the same dose
ofDMBA administered by different methods may be
connected with differences in the length of stay of

the carcinogen both locally and in the body in
general. It is interesting to note that, in the experi-
ments with combined administration of DMBA and
nas, papillomas of the forestomach were relatively
common (45.4% of cases). Since the proportion of
papillomas of the forestomach in the experiments in
which DMBA and nas were given separately was
considerably lower (18.1 and 3.2% of cases, respec-
tively), the results obtained by combined administra-
tion of DMBA and nas must be interpreted as an
additive effect of these substances on the mucous
membrane of the forestomach. In the experiments
with MNU, tumours of the forestomach and stom-
ach developed in 44% of cases.
The negative results of our attempts to induce

tumours of the buccal pouch of Syrian hamsters by
means of nas must not, however, be regarded as
evidence of the resistance of this organ to the action
of chemical carcinogens; such a conclusion is contra-
dicted both by the numerous observations of car-
cinogenesis in the buccal pouch induced by poly-
cyclic hydrocarbons and by the results of the present
experiments with MNU. This carcinogen, character-
ized by a marked local effect, induced tumours of the
buccal pouch in 52% of the animals when given in
comparatively small doses.
Although it does not cause tumours at the site of

application nas, when introduced into the buccal
pouch, induces tumours of the liver in experimental
animals. However, no tumours of the liver appeared
following the administration of both DMBA and
nas. This may be attributable to differences in the
total dose of nas received by the animals treated with
nas only (53.8 ± 2.5 g per animal) and with nas
combined with DMBA (38.9 ± 5.2 g; P < 0.05). On
the other hand, it may be that the animals receiving
nas in conjunction with DMBA did not survive long
enough for tumours of the liver to arise (the mean
latent period of development of liver tumours in the
animals receiving nas was 79.0 ± 6.2 weeks, whereas
the mean period of survival of the animals receiving
DMBA and nas was 38.1 ± 4.1 weeks (P < 0.01).
The results of the present experiments with

DMNA, in which the use of relatively small doses of
the carcinogen caused tumours of the liver in 83.3 %
of animals, are further confirmation that the hepato-
tropic effect of nas is relatively weak. However, the
histogenesis of the liver tumours induced by DMNA
and by nas has several common features, and the
weak hepatotropic effect of nas may possibly be due
to the presence in the nas of small quantities of
nitrosamine derivatives as impurities.
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Fig. 1. Foci of proliferation of fibrous tissue in mucous
membrane of buccal pouch (DMBA, 17 weeks from
beginning of experiment).

Fig. 3. Hepatoma; area of haemorrhage on left (DMNA,
53 weeks from beginning of experiment).

Fig. 2. Papilloma of forestomach (DMBA and nas,
77 weeks from beginning of administration of nas).

Fig. 4. Keratinizing squamous-cell carcinoma of
mucous membrane of buccal pouch (MNU, 50 weeks
from beginning of experiment).
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Fig. 5. Embryonic rhabdomyosarcoma of buccal pouch: (left) general appearance of tumour; (right) microscopic
structure of the same tumour (MNU, 41 weeks after beginning of experiment).

M=.. I

Fig. 6. Neurofibrosarcoma of the stomach: (left) genera lappearance of tumour; (right) microscopic structure
of the same tumour (MNU, 59 weeks from beginning of experiment).
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RtSUMI

ETUDE COMPARATIVE DES ACTIVITES CANCEROGENES DU < NAS)> ET DE CERTAINS CANCEROGtNES CHIMIQUES

INTRODUITS DANS L ABAJOUE DU HAMSTER DORE

On a effectue des etudes sur les effets cancerogenes du
enas * (melange a chiquer), du dimethyl-7,12 benz[a]-
anthracene (DMBA), du DMBA+nas, de la dimethyl-
nitrosamine (DMNA), de la diethylnitrosamine (DENA),
et de la N-m6thyl-N-nitroso-urde (MNU) en introduisant
ces substances dans I'abajoue du hamster dore. Le nas
seul n'a provoque aucune tumeur dans I'abajoue, mais
il s'en est produit dans d'autres localisations chez 18,8%
des animaux traites qui ont survecu jusqu'a I'apparition
de la premiere tumeur, contre 4,4% chez les temoins.
Sur les 11 hamsters traites avec de la DMBA seule, 3 ont
presente des tumeurs: une dans l'abajoue et deux dans

la portion proximale de 1'estomac. Aucune tumeur ne
s'est developpee dans I'abajoue apres l'application de
DMBA+nas sur la muqueuse, mais il y en a eu dans
diverses autres localisations chez 6 des 11 hamsters
traites. La DMNA et la DENA n'ont provoque aucune
modification macroscopique de la muqueuse de I'abajoue.
Apres administration de la DMNA, des tumeurs se sont
produites exclusivement dans le foie; il n'y a pas eu de
tumeur apres I'application de DENA. Chez 20 des 25
hamsters traites par la MNU, des tumeurs sont apparues
en divers points, notamment dans l'abajoue.
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