
Development of tumours in Syrian hamsters during
prolonged experimental exposure to nas*
N. S. KISELEVA,' I. L. MILIEVSKAJA,2 & A. V. CAKLIN 3

In several series ofexperiments, nas was introduced into the buccalpouch or oesophagus
of Syrian hamsters or applied to the dorsal skin. In one series, nas was administered to six
consecutive generations of hamsters. No tumours appeared at the site of administration,
although changes appeared in the mucosa of the buccalpouch and the oesophagus. Tumours
in organs remotefrom the site ofapplication developed only in those series in which nas was
introduced into the buccal pouch. The commonest site of tumorigenesis was the liver,
followed by the adrenal glands, the forestomach, and the genital organs. Tumours occurred
in 17.6% of the experimental animals compared with 3.5% of the controls.

The possible connexion between the occurrence of
cancer of the mouth and the use of nas, betel, pan,
and other tobacco-containing mixtures has for many
years attracted the attention of oncologists.

Epidemiological studies have shown that in areas
where the habit of chewing tobacco-containing mix-
tures is widespread, e.g., in south and southeast Asia
and the central Asian republics of the USSR, a
relatively high frequency of mouth cancer is ob-
served. Mass examinations of the populations of
these areas have revealed pathological conditions in
the mouth (inflammation, ulcers, leucoplakia, papil-
loma, submucous fibrosis, and tumours); these occur
mainly in persons who have chewed tobacco-con-
taining mixtures for a long time, and are usually
located where the tobacco-containing mixture was
applied, namely the buccal mucosa in persons
chewing betel (5,13, 17, 20, 24, 25, 26, 27, 32), and
the mucosa of the floor of the mouth or gum and
lower lip in those using nas (1, 2, 5, 12, 16, 21, 33).
The results of the first experimental studies, under-

taken by Silovcev (33) in 1941, by Muir & Kirk (21)
in 1960, and by Danilova & Hasanov in 1962 (7)
showed that tumours only occasionally developed on
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the dorsal skin of mice following the application of
nas or betel.
-Attempts were made later to obtain tumours of

the mouth with betel, nas, and their ingredients. The
buccal pouch of the Syrian hamster was chosen for
these tests as being one of the most convenient
models for the experimental study of carcinogenesis
of the oral cavity. However, the results of these
experiments did not give a clear answer to the problem
of the carcinogenicity of these substances (8, 9, 14,
15, 35). So far, the attention of investigators has
been focused on the local action of nas and betel on
the mucous membrane of the mouth (buccal pouch)
of experimental animals; changes in the internal
organs have been mentioned extremely rarely.
The object of the present investigations was to

assess both the local and the general carcinogenic
effects of nas, administered by different methods, on
Syrian hamsters. Experiments were carried out to
study the prolonged action of nas on the mucosa of
the buccal pouch and the alimentary tract, and also
the action of nas when applied to the dorsal skin. The
composition of the nas used in these studies was:
tobacco 45%, lime 8%, ash 30%, plant oil 12%,
and water 5 %.

MATERIAL AND METHODS

Altogether 414 hamsters of both sexes were used,
284 in the experimental group and 130 in the control
group (Table 1).

In three series of experiments (I, Ila, and Ilb), nas
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Table 1. Distribution of hamsters and their life spans in different series of experiments

Series of experimental Number of animals Ufe span (weeks)
animals Females Males Total Minimum Maximum Mean

1 28 33 61 17 118 50.8 ± 3.6

Ila 13 24 37 14 112 50.8 ± 4.4

11 b 40 46 86 8 128 51.6 2.8

III 9 41 50 8 69 31.0 2.7

IV 19 31 50 19 98 44.4 3.6

Total 109 175 284 8 128 44.6 ± 1.6

Control group

(a) sunflower oil in - 10 10 9 96 57.6 i 9.2
bucca pouch

(b) sunflower oil in - 10 10 33 80 63.1 ± 5.1
oesophagus

(c) notreatment 69 41 110 17 122 57.3 ± 1.9

Total 69 61 130 9 122 58.7 ± 1.8

was introduced into the left buccal pouch: in series I
(61 hamsters), it was introduced as a dry powder and
in series hIa and Ilb (37 and 86 hamsters, respec-
tively) as a suspension in refined sunflower oil (the
suspension was made up freshly every 2-3 days). The
nas was introduced into the buccal pouch by means
of a nasal spray. In series III, a nas suspension was
introduced into the oesophagus of 50 hamsters by
means of a pneumothorax needle with a rounded tip
and in series IV, the nas suspension was applied to
the dorsal skin of 50 hamsters.

In series I, IIa, III, and IV, the male and female
hamsters were kept separate; the animals of se-
ries llb were kept together so that mating could take
place. Series Ilb included six generations of hamsters
to which nas was administered throughout life,
including periods of pregnancy and lactation in the
females.
Twenty of the 130 control hamsters were treated

with sunflower oil, 10 in the buccal pouch and 10 in
the oesophagus; the remaining 110 animals were left
untreated.

Autopsies were carried out on experimental and
control animals that died after the beginning of the
experiment. The diagnosis made at autopsy was
confirmed in every case by microscopic examination
of all pathologically changed organs. Pathological
changes discovered in organs of experimental and
control animals of the same age in the course of a
detailed microscopic examination were compared,

and the results were subjected to statistical analysis
by calculating the arithmetic mean and the standard
error of the mean for a small number of observa-
tions, by the chi-square method, and by Van der
Waerden's method (4, 29).

RESULTS AND DISCUSSION

Local effects of nas
Tumours did not occur at the site of administra-

tion in any of the hamsters, even in the group that
received nas suspension into the buccal pouch for six
successive generations.

After application of nas to the skin, morphologi-
cal changes in the epithelium itself and in the
underlying connective tissue were either completely
absent or were clearly nonspecific in character.
Changes in the mucosa of the buccal pouch after

the introduction of nas as either a powder or a
suspension had certain characteristic features: in the
early stages of the experiment (4-6 weeks after
administration began), a disturbance of the general
regular structural pattern of the epithelial layers was
observed with, in particular, disorientation of the
cells of the stratum basale; in the later stages of the
experiment (over 30 weeks after the beginning of
administration), degenerative and proliferative
changes in the epithelium were typical, ranging from
atrophy or an irregular, diffuse hyperplasia of the
epithelium as a whole to the formation of foci of
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proliferation consisting chiefly of basal cells, some-

times with evidence of spread into the submucous
layer and the formation of epithelial papillae. The
tissue of the submucous layer frequently showed
sclerosis and fibrous changes, with small-cell infiltra-
tion of an inflammatory character. In individual
cases, destruction of muscle fibres was observed,
with the formation of what we have called " muscle
buds " (Fig. 1).
The changes in the submucous layer of the wall of

the buccal pouch of the experimental hamsters were

similar to changes observed fairly often in the
mouths of persons taking nas or betel for a long
time, and which have been named submucous fibro-
sis (1, 2, 19, 26, 34).
The morphological changes in the oesophageal

mucosa of animals receiving nas, whichever way it
was administered, were of the same type as those
observed in the buccal pouch.
The changes observed in the mucous membranes

of the buccal pouch and oesophagus were also
observed in the forestomachs (proximal part of the
stomach) of the experimental animals; in these expe-

riments this was not an organ treated directly with
nas, although some of the nas may have been
swallowed and thus come into contact with it. The
forestomach was the only part of the alimentary
tract lined with stratified squamous epithelium in
which tumours (papillomas) were observed to de-
velop (see below). However, because of their com-

paratively low frequency (3.6 %.), it was impossible to
ascribe the etiology of these tumours with confidence
to the action of nas on the mucosa of the forestom-
ach. (According to Kirkman & Algard (18), tumours
of the gastrointestinal tract are among the com-

monest spontaneous neoplasms in Syrian hamsters.)

Remote effects of nas

Data on the appearance of tumours in the experi-
mental and control animals are shown in Table 2.
Tumours were observed to develop only in those
series (I, hIa, Ilb, and IV) in which nas was intro-
duced into the buccal pouch of the animals (either as

a powder or in suspension) or was applied to the
dorsal skin (in 20.9, 19.0, 36.1, and 33.3% of cases,

respectively). No tumour appeared in any of the
animals in which the nas suspension was injected
into the oesophagus (series III). Because of this, and
considering that the life span of the animals of
series III was significantly shorter than that of the
animals in the other series, when the overall fre-
quency of tumour development was calculated se-

ries III was excluded from the total number of
experimental animals.
As Table 2 shows, tumours developed in 29

(17.6%) of the 165 experimental animals that sur-
vived until the appearance of the first tumour (17
weeks after the experiment began, corresponding to
an age of 29 weeks). Seven animals had two tumours
at different sites. Altogether, 39 tumours developed
in the experimental animals.
The commonest site of tumorigenesis was the liver

(14 cases), followed by the adrenal glands (seven
cases), the forestomach (six cases), and the genital
system (four cases). Of the remaining five tumours
discovered in the experimental animals, three were of
the skin (melanoma of the skin of the ear, epidermal
cyst, and a tumour arising from the epithelium of the
hair follicles), one was an insuloma, and one was
polyposis of the large intestine with angiomatosis.
The frequency of tumour development among the

hamsters of the control group was 3.5%, tumours
developing in 2 of the 57 hamsters that survived until
the appearance of the first tumour (59 weeks). This
figure is fairly close to the 1.3% given by Ashbell (3)
and the 4.7% obtained by Haemmerli et al. (11) in
studies on large numbers of animals (1000 and 700
hamsters, respectively). Of the two cases of tumours
in the control hamsters, one was a carcinoma of the
adrenal cortex and the other papillomatosis of the
forestomach; both types of tumour are among the
commonest spontaneous neoplasms found in Syrian
hamsters (18). Differences in the total frequency of
tumour development in the experimental and control
series were statistically significant (P < 0.05).
As stated above, tumours of the liver were the

most frequently encountered neoplasms in the exper-
imental animals. It should be noted that the livers of
the hamsters used in the present study were not
intact organs. Cysts were also detectable with the
naked eye, with virtually the same frequency in both
the experimental and the control hamsters. In the
course of a microscopic study of the livers of the
control and experimental hamsters changes, such as
fatty degeneration, necrobiotic and necrotic changes
of the parenchymatous cells, and the formation of
foci or diffuse areas of infiltration in the parenchyma
or proliferation of " oval " cells and cells of the bile
duct epithelium, were found in both groups under
comparison. However, these changes also took place
relatively frequently in the experimental animals
even before the beginning of the experiment.

Besides these changes, others not found in the
control group were also observed in the experimental
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Fig. 1. Buccal pouch, sclerosis of lamina propria. Fig. 2. Liver, cholangiofibrosis. (Series I, 62 weeks after
Destruction of muscle fibres with formation of " muscle beginning of experiment).
buds". (Series I, 10 weeks after beginning of experi-
ment).
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Fig. 3. Liver, dilated vessels with grossly thickened
walls (hyalinosis), initial stages of fibrosis. (Series I,
17 weeks after beginning of experiment).

Fig. 4. Solid hepatoma. Marked polymorphism of
tumour cells. Multinucleate giant cells can be seen.
(Series II b, 124 weeks after beginning of experiment).



Fig. 5. Adenocarcinoma from epithelial cells of bile
ducts. (Series 11 b, 57 weeks after beginning of experi-
ment).
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Fig. 6. Carcinoma of the adrenal cortex. (Series 1,
86 weeks after beginning of experiment).
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Fig. 7. Papilloma of the forestomach: (a) general appearance, (b) microscopic structure of the same tumour. Area
consisting mainly of cells of stratum basale. Note " pearl " formation. (Series IV, 68 weeks after beginning of
experiment).
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EFFECT OF NAS ON TUMORIGENESIS IN HAMSTERS

animals, such as the formation of foci of prolifera-
tion consisting of parenchymatous cells, adeno-
matous growth of the bile ducts, and cholangiofibro-
sis (Fig. 2). These changes, observed only in the
experimental animals to which nas was administered
into the buccal pouch and percutaneously, are inter-
preted in the literature as precancerous (10, 23,
28, 36). Distinctive vascular disturbances were also
characteristic of the liver of the experimental ani-
mals, in which they were found at both early (4-6
weeks) and late (over 40 weeks) stages of the experi-
ment. These changes led to dilation of the central
hepatic veins and lymphatic vessels, to disturbances
of blood flow (expressed as severe stasis of blood), to
the formation of extensive haemorrhages and of so-
called " blood lakes ", and also to considerable
thickening of the vessel walls, associated with their
fibrosis, sclerosis, and hyalinosis (Fig. 3). In some
cases, tumours developed in the liver, the first of
them being discovered 17 weeks after the experiment
began. The frequency of tumours of the liver in the
experiments involving administration of nas and the
characteristics of their histological structure are
given in Table 2, which shows that tumours of the
liver developed in 14 of the 165 hamsters that
survived until the appearance of the first tumour in
this organ, namely 8.4% of cases. The mean time of
appearance of liver tumours in the experimental
animals was 78.9 ± 7.3 weeks from the beginning of
the experiment. No tumour of the liver was found in
the control group (P < 0.01, Van der Waerden's
method).
Of the 14 liver tumours that occurred in the

experimental aniials, 9 were hepatocellular in ori-
gin, with a predominance of either solid or trabe-
cular structures (Fig. 4). Two tumours were vascular
in origin (haemangioendothelioma and lymphangio-
endothelioma) and one arose from the epithelium of
the bile duct and had the typical structure of an
adenocarcinoma (Fig. 5). In two cases, the liver
tumours had a mixed and fairly complex structure,
including hepatocellular, cholangiogenic, and vas-
cular components. No metastasis of the liver
tumours was observed.

In six of the experimental hamsters, tumours of the
liver were combined with tumours elsewhere: three
with tumours of the adrenals, one with a melanoma
of the skin of the ear, and two with a keratinous cyst
of the skin and multiple cysts of the uterus.
The second most frequent site of tumorigenesis in

hamsters receiving nas was the adrenal glands, where
tumours developed in 7 (8.0%) of the 87 hamsters

that survived until the appearance of the first adrenal
tumour (58 weeks from the beginning of the experi-
ment). The mean age of the experimental animals in
which tumours of the adrenal grands were found was
91.7 + 6.3 weeks. From their microscopic structure,
two adrenal tumours were classed as adenomas, one
as a tumour of the chromaffinoma type, and four as
carcinomas of the adrenal cortex (Fig. 6). One of the
last tumours metastasized to the liver and lungs.
Tumours of the forestomach (papillomas), which

developed in 6 (3.6%) of the 165 experimental
hamsters that survived until the appearance of the
first tumour at this site, were papillary growths of
the stroma covered by hyperplastic stratified squam-
ous epithelium with evidence of hyper- and para-
keratosis. In one such papilloma, initial signs of
malignant change were observed; these took the
form of atypical foci of proliferation of epidermal
cells, with downward growth into the submucous
layer, and with the formation in that layer of islets of
basal-cell epithelium and " pearls " (Fig. 7). In their
morphological structure, these tumours resembled
papillomas of the forestomach induced in mice and
rats by chemical carcinogens (30). The mean time of
appearance of papillomas of the forestomach in the
experimental animals was 52.5 ± 9.7 weeks after the
start of the experiment.

In the control group, one case of papillomatosis of
the forestomach, developing in a hamster at the age
of 92 weeks, was observed. In this case, microscopic
examination showed distinctive " inverted " papil-
lomas with the formation of keratinous cysts.

In four experimental female hamsters, neoplasms
of the genital organs were found: two cases of
multiple paraovarian cysts and one case each of
leiomyoma and fibromyoma of the uterus. The mean
time of tumour development at these sites was 72.2
± 11.0 weeks.
The total frequency of tumour development in the

experimental and control groups thus differed signi-
ficantly (17.5% compared with 3.5% of cases;
P < 0.05). These differences can be attributed main-
ly to tumours of the liver, the development of which
was observed in 8.4% of cases among experimental
animals but not at all in the control group. Extra-
hepatic tumours (i.e., those of the adrenals, fore-
stomach, skin, uterus, etc.) occurred with signifi-
cantly higher frequency in the experimental than in
the control animals. However, the distribution of
these tumours in different organs and their charac-
teristics agree with data in the literature on the
spectrum of spontaneous neoplasms in Syrian ham-
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sters (18), and therefore the possibility that these
tumours arose spontaneously cannot be completely
ruled out. The possibility remains, however, that at
least in some cases the higher frequency of extra-
hepatic tumours in the experimental than in the
control animals was connected with the administra-
tion of nas.

In the group of animals receiving nas by adminis-
tration into the buccal pouch for six consecutive
generations, the total frequency of tumour develop-
ment was higher than in the other experimental
animals. Although the frequency of liver tumours
was the same, the frequency of tumours elsewhere in
these hamsters was about twice as high as in ham-
sters receiving nas for one generation only, and
almost 10 times higher than in the control group
(31.3 % compared with 3.5 %; P < 0.01). This last
difference is likely to be due to the transplacental
action of nas but the possible role of genetic factors,

owing to the use of a method involving the crossing
of closely related nas-taking hamsters, should also be
considered.
When the overall carcinogenic effect of nas on the

Syrian hamster is assessed, it can be concluded that
this substance acts (at least under these experimental
conditions) as a weak carcinogen in terms of the
classification suggested by Sabad (31). The most
interesting phenomenon, in the authors' opinion, is
the hepatotropic character of the effect of nas that was
detectable in the comparatively early stages of the
experiment. It would therefore be very useful to
study the functional state and pathology of the
internal organs (especially the liver) in long-term nas
users in a human population. There are unfortuna-
tely no relevant data in the literature; hitherto the
oral cavity has been the main and virtually the only
site to receive the attention of oncologists investi-
gating the effects of nas.

RESUMt

DEVELOPPEMENT DE TUMEURS CHEZ LES HAMSTERS DORES AU COURS D UNE EXPOSITION EXPERIMENTALE

PROLONGEE AU # NAS))

Le nas a et introduit, au cours de plusieurs series
d'experiences, dans I'abajoue ou l'cesophage de hamsters
dores ou bien applique sur la peau du dos. Dans une serie,
le nas a ete administr6 A six generations consecutives de
hamsters. Aucune tumeur n'est apparue aux points
d'application, mais des modifications ont e observees
dans la muqueuse de I'abajoue et de l'oesophage, modifi-
cations similaires A celles qu'on voit souvent dans la
cavite buccale de personnes qui usent de nas pendant de
longues periodes. Ces modifications s'observaient egale-
ment dans la partie proximale de l'estomac des animaux
d'experience.
Des tumeurs affectant des organes eloignes du point

d'application se sont produites seulement dans les series

out le nas a ete introduit dans l'abajoue, mais aucune
n'est survenue dans la serie ou cette substance a e
introduite dans 1'cesophage. Le siege le plus frequent de la
tumorogenese etait le foie, puis les surrenales, la partie
proximale de l'estomac et les organes genitaux. La fre-
quence des tumeurs a ete de 17,6% chez les animaux
d'experience contre 3,5% chez les temoins. Chez les
animaux qui avaient reru du nas dans l'abajoue pendant
six generations cons6cutives, la frequence des tumeurs
etait A peu pres le double de celle qu'on observait chez
les hamsters qui avaient regu du nas pendant une seule
generation, et environ 10 fois plus 6lev6e que chez les
temoins.
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