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Effect of long-term application of snuff on the oral
mucosa: an experimental study in the rat

J.-M. Hirscu and S. .. JOHANSSON®

Departments of Oral Surgery and Pathology 1I*, University of Gothenburg, Sweden E

= The long-term effect of snuff exposure was studied in Sprague-Dawley rats using a
surgically-created test canal in the lower lip to retain snuff. The rats received
standard snuff (n = 42) and highly alkaline snuff (n = 10) for 9-22 months, where-
upon they were killed. Untreated rats with identical test canals (n = 15) served as
controls. A complete post-mortem examination was performed. One rat exposed to
standard snuff for 9 months developed a squamous cell carcinoma of the oral cavity.
However, cxposure to standard snuff usually resulted in a mild to moderate
hyperplasia of the epithelium. hyperorthokeratosis and acanthosis. Rats cxposed to
snuff for 18-22 months showed vacuolated ccils penetrating deeper into the
epithelium with hyperplastic and atrophic lesions. In a few rats, severe dysplastic
changes developed in the crevicular epithelium. Rats exposed to alkaline snuff
differed little from the first group except that there was focally atrophic and ulcer-
ated epithelium and less fibrosis. Pathological findings outside the oral cavity were
rare. Squamous cell hyperplasia of the forestomach was found in rats exposed to
snuff for 18—22 months, possibly caused by ingested snuff. In conclusion, this study
has shown that exposure of rats to snuff for 10-16 hours per day 5 days a week for
most of their life-span resulted in lesions mainly restricted to the epithelium and the
underlying connective tissue of the surgically created test canal.
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Dysplastic lesions of the oral mucosa as-  Axéll and co-workers (1978), who found that

sociated with snuff exposure have been re-
ported in a few prospective studies from
Scandinavia (Roed-Petersen & Pindborg
1973, Hirsch et al. 1982). However, Axéll and
co-workers (1978) demonstrated a clear as-
sociation between snuff exposure and the de-
velopment of oral cancer in a retrospective
study. It has been stated that snuff-associated
carcinromas are low-grade lesions with a long
induction time {Roed-Petersen & Pindborg
1973). This is supported by the findings of

the incidence of tumours was highest in a
group of male snuff-dippers aged 71-80
years. However, Hirsch et al. (1982) found
dysplastic lesions amonyg snuff-dippers with a
relatively short history of snuff-dipping. [t has
not been possible to establish whether those
lesions were reactive or pre-neoplastic. Thus,
inconsistency exists in the available data on
the risks of snuff-dipping. An experimental
rat model has therefore been developed which
allows the study of the effects of snuff on the
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oral mucosa (Hirsch & Thilander 1981). This
model permits investigation of the long-term
effect of snuff and has been used in this inves-
tigation to deterrnine the occurrence of his-
topathological lesions in the oral mucosa and
other organs in the rat after cxposure to snuff
for 9, 12 and 18-22 months.

Material and methods

Three-month-old, male and female Sprague-
Dawley rats (n = 78) supplied by Anticimex
AB, Stockholm, Sweden, were used. The
mean weights of the rats at the beginning of
the experiment were 354 g (males) and 237 g
(females). The rats were housed in plastic
cages (Makrolon cages No. 3, Jacoby, Stock-
hoim, Sweden), 2--4 in each cage. The test and
control animals, female and male, were sepa-
rated. The cages were lined with soft wood
bedding (Torrax, Anticimex, Sodertélje. Swe-
den). The animals received standard pelleted

Fig. 1. The test canal in the
lower lip with one orifice buc-
cally to the incisors and one on
the external skin.

food (Astra Ewos, Sodertilje, Sweden) and T
tap-water ad libitum. The temperaturc in the L. whi¢
animal house was maintained at 21°-23°C and § ©oter §
the relative humidity was kept at approxi- i or ¥
mately 40%. The rats were subjected to at i~ 8}
least 8 h light per day. The rats were observed ¥ (59
with respect to their general physical condi- @ 18-
tion at least five times every week and were ’ werg
weighed monthly. [i morg
. ani
Surgical procedure. A test canal was createdin  : pen

the lower lip of each rat. After 10 days of ¥ low
healing, this canal was covered with mucous i
membrane and had one orifice buccally to the
lower incisors and another on the external

skin in the most anterior part of the lip (Fig. - Mo
1). The surgical procedure has been described post
in detail by Hirsch & Thilander (1981). all r?
hear
Experimental design. Owing to operative and (% der.
post-operative complications (mostly suture integ
insufficiency), 11 animals were not included in ; gro
- cana

the study. Thus, a total of 67 rats remained for
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the experiment. These animals were divided
into three groups — two test groups (269.
260"} and one control group (79, 8§C). Ap-
proximately 0.2 g of fresh snuff (Roda Lacket,
Svenska Tobaks AB, Goteborg, Sweden, pH
8.3) was injected by means of a plastic syringe
(Hirsch & Thilander 1981) into the canals of
the animals in the first test group (21¢, 21d).
The second test group of rats (5Q, 5¢7) were
given highly alkaline snuff by the same
method (Roéda Lacket, Svenska Tobaks AB,
Goteborg, Sweden, pH 9.3). The only differ-
ence between the two brands of snuff was that
in the second brand the pH was raised by
adding 509 more NaCO; (1% of the total
weight}. The snuff was administered daily at 8
am and 5 pm five days a week. The estimated
average time of daily exposure to snuff was
12 h (Hirsch & Thilander 1981). The 15 con-
trol animals underwent the same surgical pro-
cedure as the test rats, but did not receive
snuff.

The rats in the first test group (n = 42),
which received standard snuff, were killed af-
ter 9 months (69, 6J), 12 months (79, 7d)
or when moribund after 18-22 months (8¢,
8(). The animals in the second test group
(59, 53) were killed when moribund after
18-22 months. The rats of the control group
were killed after 9 months (2¢, 2d), 12
months (39, 3J") or 18 months (29, 3F). All
animals were killed by injection of sodium
pentobarbitone, 35 mg/kg body weight, fol-
lowed by intracardiac aspiration of biood until
cardiac arrest occurred.

Morphological examination. A complete
postmortem examination was performed on
all rats, with histological examination of the
heart, kidneys, adrenal glands. urinary blad-
der, spleen, stomach, small intestine, large
intestine, liver, thyroid gland and any other
grossly abnormal organ or tissue. The test
canal in the lip including the crevicular

epithelium of the lower incisors was sectioned
transversally by multiple step sections.

Histological methods. The test canal in the lip
was placed in ice-cold Histocon® (Histolab,
Goteborg. Sweden). The specimens were fro-
zen in isopentane chilled to about -140°C
with liquid nitrogen (Heyden et al. 1972). The
other organs were fixed in 4% buffered for-
malin and embedded in paraffin. Tissue sec-
tions of the lips (8 microns) were cut in a
cryostat at —-20°C. Five micron sections of the
other material were cut and all specimens
were stained with hematoxylin-cosin and ac-
cording to the Weigert-van Gieson method.

The histopathological lesions in the test
canal were classified in accordance with the
criteria given in “Definitions of leukoplakia
and related lesions: an aid to studies on oral
precancer” (WHO Collaborating Centre for
Oral Precancerous Lesions, 1978).

Resuits

There was no statistically significant differ-
ence in weight gain between the experimental
groups and the control rats, although the male
rats in the control group exhibited more rapid
weight gain between 2 and 12 months. The
animals in the test groups remained in good
condition until approximately the ninth
month. when a general decrease in physical
activity was noted. A similar behavioral
change occurred among the control rats after
approximately 14 months. The condition of
the rats was further markedly impaired by 18
to 22 months and they were, thercfore, killed.
The body weights of the test and control rats
are shown in Fig. 2.

Morphological findings in the oral cavitv and
mucosa. Only one macroscopic tumour was
observed. This rat belonged to the first test
group and the tumour was detected after 8.5
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Fig. 2. Body-weight curves for test and control animals during the experiment. *“Test” = rats given standard

snuff. ‘Test ph’ = rats given alkaline snuff.

lower jaws. The tumour was a moderately
well-differentiated squamous cell carcinomz
invading the bone (Fig. 3).

months. It was uicerated and situated on the
left side of the oral cavity, extending from the
incisors and involving both the upper and

Figure 3. Moderately well-differentiated keratinizing squamous cell carcinoma after 8.5 months of snuff

exposure. H&E, x160.
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standard Fig. 4. Transverse section of the test canal after 12 months of snuff cxposurc. Moderate cpithelial
4 hyperplasia with hyperorthokeratosis and acanthosis is seen. H&E, x60.
sderately 5
:rcinoma
H
)
v
1
s of snuff Fig. 5. Epithelial hyperplasia and disturbed polarity and underlying mild inflammatory reaction after 9

months of snuff exposure. H&E. x160.
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Fig. 6. Section of the test canal after 272 months of snuff exposure showing marked atrophy of the squamcis
epithelium and hyperorthokeratosis. H&E, x1610.

Fig. 7. Severe dysplasia in the crevicular epithelium associated with an extensive inflammatory reaction in 2

test rat after 22 months. H&E, x160.
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Fig. 8. Focal ulceration in the test canal after 22 months of exposure to alkaline snuff. H&E, x160.

The squamous epithelium exhibited a
generalized, mild to moderate hyperplasia
after 9—12 months of snuff cxposure and foc-
ally, severe hyperplasia was often seen.

Hyperorthokeratosis was observed, with vac-
volated cells extending down into the granular
layer, Focally, there were acanthotic prolif-
erations of the epithelium with development

Fig. 9. Marked squamous cell hyperplasia of the forestomach after 22 months of snuff exposure. H&E.

x 74,
14 Oral Pathology 12:3
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of deep rete pegs (Fig. 4}. Increased amounts
of keratohylaine granules were present.

The border between the basal cell layer and
the lamina propria was always sharply de-
lineated (Fig. 4). Areas of focal hyperplasia,
disturbed polarity, hyperchromatic nuclei and
occasional mitotic figures were seen basally
(Fig. 5). The underlying connective tissue
exhibited a mild to moderate inflammatory
reaction composed of lymphocytes, histiocytes
and mast cells.

The oral mucosa of rats exposed to standard
snuff for 18 to 22 months differed only slightly
from that of rats exposed for 9 to 12 months.

=Thus, the vacuolated cells extended somewhat
decper into the covering epithelium. There
was also a tendency towards widened inter-
cellular spaces with an altered cytoplasmic
and nuclear ratio in the stratum basale. The
inflammatory reaction of the underiying con-
nective tissue varied between mild and severe.
but a more prominent fibrosis was noted. The
rats exposed for 22 months exhibited

Table 1.

The incidence and distribution of histopathological lesions in the lip mucosa of snuff-exposed Sprague-

Dawley rats. | = slight, Il = moderate, Ill = severe.

hyperplastic lesions together with atrophic le-
sions (Fig. 6). Severe dysplastic changes were
also found in the crevicular epithelium of the
lower incisors in two rats in this group (Fig. 7).

The second test group differed very little
from the first {18-22 months), but the fibrosis
was less prominent and the epithelial lining
focally was atrophic and ulcerated (Fig. 8).
Vacuolated cells were less frequent in this
group. The inflammatory reaction was similar
to that of the rats given standard snuff for 18
to 22 months.

The lips of the control animals mostly
showed mildly hyperplastic epithelium which
was covered with orthokeratin. The rete
ridges extending into the connective tissue
were slightly increased and the inflammatory
reaction was mild or absent. In general, there
was a clear difference in appearance of the
lesions of the test rats compared to the cor-
trois. However, even the test rats had focaf
areas of normal mucosa. The incidence of the
lesions in the various groups of rats is given m
Table 1.

vl o Yeeian ) 12 18-22
Type of lesi0n (n="2} (n=14) (n=16)_
Atrorhy 3 B
Ulceration 1
Byperortokeratesis I 5 4 3
Ir 2 1 3
rr 4 9 8
Vacuolation I 4 7 4
Ii
IIt 1 2
Eyperplasia I 4 4
Iz 10 7 10
ITT 2 2 2
Acanthosis T 4 9 a
i1 2 3 2
IrI S t
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Table 2.
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The type, incidence and distribution of histopathological lesions outside the oral cavity of snuff-exposed

Sprague-Dawley rats.

Snuff¢ exposure, ronths

Type cf lesion
and lecation

3 12 18-22

dn=12) __ _ie=14)

Follicular tumour
(thyroid gland) 3 9 15

Fibroadenoma
imammary gland) Z z 3

Fibrous histiocytoma
{skir}

Squamcus cell
papilloma (skin}

Neurcfibroma
iskin)

£
Papiilary squamcus
epithelial hyperpiastia
{forestomach) I3

Aderomatous polyp
{colon)

Rat nephrosis 1 B

Morphological findings outside the oral cavity.
Pathological findings outside the oral mucosa
were rather rare. The type, incidence and dis-
tribution of various lesions are given in Table
2. The most frequent lesion was follicular
tumour of the thyroid gland, found in
64-93% of the rats, the incidence being
higher with increasing age of the rats. Spon-
taneous tumours of the mammary gland were
also quite common, with an incidence of ap-
proximately 20% after 9 months. Histologi-
cally, the breast tumours were fibroadenomas.
A few skin tumours were seen among the test
rats, for example fibrous histiocytoma,
squamous cell papilloma and neurofibroma.
The rats which had been exposed to snuff for
18-22 months had an increased incidence of
marked squamous papillary hyperplasia of the
forestomach (Fig. 9) but no overt forestomach
tumours were detected. Nephroses, kidney
iesions seen mainly in aging male Sprague-
Dawley rats, were observed as the rats grew
older.

AksTire
snuff
‘g=-22 9 12

s 18-22
[R=1€;  {n=4) _ ____(n=6)

{n=%)

8 3 4 4

Discussion

In general, the test canal exposed to snuff
exhibited a markedly higher frequency of
hyperorthokeratinized, atrophic and ulcer-
ated, mildly dysplastic and fibrotic lesions
compared to the control rats (Table 1). In
human snuff-dippers fewer atrophic and ulc-
erated lesions were found (Hirsch et al. 1982).

The increased thickness of the squamous
epithelium and degree of stromal inflamma-
tion found in this study are in accordance with
the results of earlier clinical investigations
(Pindborg & Renstrup 1963, Roed-Petersen
& Pindborg 1973, Axéll et al. 1976, Hirsch et
al. 1982).

The occurrence of vacuolated cells was
lower than in human studies (Axéll et al.
1976, Hirsch et al. 1982). A particularly low
incidence was seen in the second test group,
exposed to alkaline snuff (10%). The differ-
ences between experimental and clinical re-
sults are difficult to explain. They may be
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species-related. but may also be due to the
rats having had greater snuff-exposure than
the humans (Hirsch & Thilander 1981). The
results of this investigation do not allow any
conclusions concerning the relationship be-
tween the time of exposure to snuff and the
severity of the lesions. This is in agreement
with the clinical data reported by Hirsch et al.
(1982). However, it may be noted that there
was a rather high incidence of atrophic lesions
in the test groups after 18—-22 months, as well
as the presence of dysplasia in both the test
canals and the crevicular epithelium of the
lower incisors. If snuff is stored under poor
comditions, the pH may rise. The average pH
found under poor storage conditions is G.3
(personal communication, Svenska Tobaks
AB, Géteborg, Sweden. 1981). i.e. the same
pH as in the second brand of snuff tested in
this experiment. It has been suggested (Roed-
Petersen & Pindborg 1973, Axéll et al. 1976}
that tissue damage such as development of a
thick layer of vacuolated cells may be related
to the pH of the snuff. Experiments per-
formed by Sunanda et al. (1975) support this
assumption. They treated rats Kept on a vit-
amin B-deficient diet with an alkaloid-free
U.S. tobacco extract, alone or in combination
with a 20% solution of slaked lime, for up to
22 months. They found more marked his-
tological changes in the group painted with
both tobacco and lime.

In U.S. tobacco products such as fermented
snuff, high levels {29.1 p.p.m.}) of the first
organic carcinogen isolated in unburned to-
bacco (N-nitrosonornicotine) were found by
Hecht et al. (1975). These findings were con-
firmed by Hoffmann & Adams {1981a}. They
analysed snuff obtained from the United
States, Germany, Sweden and Denmark in
order to determine the levels of tobacco-
specific N-nitrosamines {TSNA) in these pro-
ducts. N-Nitrosonomicotine (NNN), a mod-
erately active carcinogen, 4-(methyl-nitros-
amino)-1-(3-pyridyl)-1-butanone (NNK), a

HIRSCH & JOHANSSON

relatively strong carcinogen, and N-nitroso-
anatabine (NAT), so far not bioassayed.

According to Hecht et al. (1973), additional
NNN is formed by the reaction of salivary ard
tobacco nitritc with nornicotine and nicotine.
Analyses of the saliva of snuff-dippers re-
vealed that the TSNA are extracted from the
snuff during dipping (Hoffmann & Adams
19#81a). It is, therefore, considered of impor-
tance that the test-tobacco tested contains al-
kaloids, and that the test canal be moistened
with saliva, prerequisites fulfilied in this ex-
periment. The specific brand tested in our in-
vestigation was found to contain from 15 1o
106 p.p.m. of TSNA; the concentration of
NNN ranged from 8.2 to 77 p.p.m., NNK
from 1.6 to 3.8 and NAT from 5.0 to 25
p.p.m. in this brand (Hoffmann & Adams
1981bj. There is no correlation between pii
and NNN levels (IHecht et al. 1975) but a high
pH could contribute significantly to more
rapid absorption of NNN and nicotine (Hil-
frich et al. 1977).

This study has shown that exposure of rats
to snuff for 10 to 16 hours a day, 5 days a
week, for most of their lifespan resuits in le-
sions mainly restricted to the cpithelium and
connective tissue of the test canal. One rat
developed a squamous cell carcinoma of the
buccal mucosa. This tumour may be spon-
taneous or induced. It appears that spontanz-
ous tumours of the oral mucosa are extremely
rare, as in S studies, comprising approximately
1.900 Sprague-Dawley rats, only 1 spontane-
ous tumour was reported (Johansson 1981) to
occur in the oral cavity (Thompson et al.
1961, Wallenius 1966. Prejean et al. 1973,
MacKenzie & Garner 1973). The possibility
that the present tumour was induced by snuff
thercfore cannot be compietely ruled out.
Axéll et al. (1978) calculated the association
between oral cancer and snuff-dipping in
Sweden and found it to be 0.5 per 100,660
male snuff-dippers. The tumour incidence in
this experiment may accordingly be expected




3itroso-
-d.

ditional
ary and
icotine.
WS 18-
om the
Adams
impor-
ains al-
ristened
this ex-
our in-
w15 to
stion of
. NNK
) to 25
Adams
‘ccn pH
1t a high
O more
e (Hi[-

: of rats
» days a
ts in le-
ium and
One rat
a of the
s spon-
ontane-
.iremely
<imately
ontane-
1981) to
a et al
1. 1973,
issibility
by snuff
ied out.
.ociation
wping in
100,000
jence in
‘xpected

|
{
g

.

g T e

i cpn

ORAL MUCOSA & LONC-TERM SNUFF

1o be very low in view of the limited number
of animals used.

Onc lesion which may be of interest is
papillary hyperplasia of the squamous
epithelium of the forestomach (Fig. 9), which
was found only in snuff-treated rats and then
after long exposure (18-22 months). It is
reasonable to assume that this lesion was
caused by snuff which had been swallowed by
the rats. Whether the lesion is reactive and
reversible or pre-neoplastic and has the po-
tential to develop into a true forestomach
tumour cannot be determined from this study.

Our rat model has a low incidence of spon-
taneous tumeurs. This is, of course. a great

- advantage when one is studying the effect of

weak carcinogens or promoters. Barnes has
stated (1975) that we are profoundly ignorant
of the consequences of exposure to low con-
centrations of weak carcinogens, particularly
over a long period of time. Dayan declared
(1977} that suitable animals models for stu-
dying the effects on the oral cavity of weak
carcinogens or promoters, are not available.
However, we believe our model to be suitable
for testing long-term cftects on the oral muc-
ous membrane of snuff alone or in combina-
tion with various substances.
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