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

J.-M. HIRSCH and S. L. JOHANSSON* 

Departments of Oral Surgery and Pathology II*. University of Gothenburg, Sweden 

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 ceU carcinoma of the oral cavity. 
However, exposure to standard snuff usually resulted in a mild to moderate 
hyperplasia of the epithelium. hyperorthokeratosis and acanthosis. Rat~ exposed to 
snuff for 18-22 months showetl vacuolated cells penetrating deeper into the 
epithelium with hyperplastic and atrophic lesions. In a few rats, severe dysplastic 
changes developed in the cre\·icular 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. Pathologic;al 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 rars ro 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 ~urgically created test canal. 
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Dysplastic lesions of the oral mucosa as­
sociated with snuff exposure have been re­
ported in a few prospective studies from 
Scandinavia (Roed-Petersen & Pindborg 
1973, Hirsch et al. 1982). However, Axell 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 
carcinomas are low-grade lesions with a long 
induction time (Roed-Petersen & Pindborg 
1973). This is supported by the findings of 

Axell and co-workers ( 197 8 ), who found that 
the incidence of tumours was highest in a 
group of male snuff-dippers aged 71-80 
years. However. Hirr.ch et al. ( 1982) found 
dysplastic lesions among snuff-dippers with a 
relatively short hislory of snuff-dipping. h 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 198 I). This 
model permits investigation of the long-term 
effect of snuff and has been used in this inves­
tigation to determine the occurrence of his­
topathological lesions in the oral mucosa and 
other organs in the rat after exposure 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 Anticirnex 
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
holm, 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, Sodertalje. Swe­
den). The animals received standard pelleted 

Fig. 1. The test canal in the 
lower lip with one orifice buc 
callv to the incisors and one nJJ 

the ·external ~kin. 

food (Astra Ewos, Sodertalje, Sweden) and 
tap-water ad libitum. The temperature in the 
animal house was maintained at 21°-23°C ar:d 
the relative humidity was kept at approxi­
mately 40%. The rats were subjected to at 
least 8 h light per day. The rats were observed 
with respect to their general physical condi­
tion at least five times every week and were 
weighed monthly. 

Surgical procedure. A test canal was created in 
the lower lip of each rat. After 10 days of 
healing, this canal was covered with mucous 
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. 
l ). The surgical procedure has been described 
in detail by Hirsch & Thilander (1981). 

Experimental design. Owing to operative a11d 
post-operative complications (mostly suture 
insufficiency), 11 animals were not included in 
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 (26 2. 
26d') and one control group (7 '-2, 8d'). Ap­
proximately 0.2 g of fresh snuff (Roda Lacket, 
Svenska Tobaks AB, G6teborg, 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 ~, 21 d'). 
The second test group of rats (5 '¥, 5d') were 
given highly alkaline snuff by the same 
method (Roda 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 50";cs-' more l\'aC03 (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 (62, 6d'), 12 months (7~, 7d) 
or when moribund after 18-22 months (R'i?, 
8d'). The animals in the second test group 
(5':j?, 5d') were killed when moribund after 
18-22 months. The rats of the control group 
were killed after 9 months (2(;?, 2d'), 12 
months (3':j?, 3d')or 18 months(2':j?, 3d'). All 
animals were killed by injection of sodium 
pentobarbitone, 35 mg/kg body weight, fol­
lowed by intracardiac aspiration of blood 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 abnmmal 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 Histocons (Histolab, 
Goteborg, Sweden). The specimens were fro­
zen in isopentane chilled to about -1400C 
with liquid nitrogen (Heyden et al. 1972). The 
other organs were fixed in 4'1/o buffered for­
malin and embedded in paraffin. Tissue sec­
tions of the lips (8 microns) were cut in a 
cryostat at -200C. Five micron sections of the 
other material were cut and all specimens 
were stained with hcmatoxylin-eosin 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, i978). 

Results 

1bere 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 hehavioral 
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, therefore, killed. 
The body weights of the test and control rats 
are shown in Fig. 2. 

Morphological findings in the oral cavity 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 c1irve~ for test and control animals during the experiment. 'Test'= rats given standmd 

snuff. ·Test ph · = rats given alkaline snuff. 

months. It was ulcerated and situated on the 

left side of the oral cavity, extending from the 

incisors and involving both the upper and 

lower jaws. The tumour was a moderately 

well-differentiated squamous cell carcinomi! 

invading the bone (Fig. 3). 

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

exposure. H&E. x 160. 
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Fig. 4. Transverse section of the test canal after 12 months of snuff exposure. Moderate epithelial 

hyperplasia with hyperorthokeratosis and acanthosis is seen. H&E, x60. 

1-"ig. 5. Epithelial hyperplasia and disturbed polarity and underlying mild inOammatory reaction after 9 

months of snuff exposure. H&E. x 160. 
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Fig. 7. Se,ere dysplasia in the crevicular epithelium associated with an extensive inflammatory reaction in a 

test rat after 22 months. H&E, x I 60. 
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Fi1:;. 8. Focal ulceration in the test canal after 22 months of exposure to alkaline snuff. H&E. x 160. 
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The squamous epithelium exhibited a 

generalized, mild to moderate hyperplasia 

after 9-12 months of snuff exposure and foc­

ally, severe hyperplasia was often seen. 

Hyperorthokeratosis was observed, with vac­

uolated cells extending down into the granular 

layer. Focally, there were acanthotic prolif­

erations of the epithelium with development 
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Fig. 9. Marked squamous cell hyperpla~ia of the forestomach after 22 months of snuff exposure. H&E, 

Xi4. 
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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). Area~ 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 ~lightly 
from that of rats exposed for 9 to 12 months. 

z.Thus, the vacuolated cells extended somewhat 
deeper 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 underlying con­
nective tissue varied between mild and severe. 
but a more prominent fibrosis was noted. The 
rats exposed for 22 months exhibited 

Table J. 

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 retc 
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 te~t rats had focal 
areas of normal mucosa. The incidence of the 
lesions in the various groups of rats is given 1n 
Table 1. 

The incidence and d(ftribution of histopathological lesions in the lip mucosa of snuff-exposed Sprague­
Dawley rars. I = sligh,, Tl = moderate, Ill = severe. 
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Table 2. 
The type, incidence and distribution of histopathological lesions outside the oral cavity of snuff-exposed 
Sprague-Dawley racs. 

·- -- -----------------------------

~ ,2 18-22 

:..lk llr.~ 
S01.1 f 
· a- 2 ~ 

Type cf lesion 

and location (n:12) _____ 1£_~_!_4_1 __ (n-c:15> {n = ~C~; __ ~<=n~-4~1-
18- ✓• ✓. 

ln•ol 

f'olli:..:t.:laL tumout" 
(thyroid q!and) 

fibrocldenor.i"11 
1raammary gland} 

F1bro..;s tnstic-cyto;na 
{skir:.) 

Squ-,mcus ce!l 
pap.\..llcrr.a (J:>kin} 

HcurofiCroma 
,skin) 

?apill"'tY squam:.:u~ 
epithelial hyperp!ast.a 
( fc,restoraach) 

Ader.cmatous IX')~YP 
(colon) 

Rat ncphrosis 

15 

Morphologic.al 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 
lesions seen mainly in aging male Sprague­
Dawley rats, were observed as the rats grew 
older. 

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 & Rcnstrup 1963, Roed-Petersen 
& Pindborg 1973, Axell et al. 1976, Hirsch et 
al. 1982). 

The occurrence of vacuolated cells was 
lower than in human studies ( Axell 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 arc difficult to explain. They may be 
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~pecics-related. but may also he due to the 
rats having had greater snuff-exposure than 
the humans (Hirsch & Thilander 1981 )_ The 

results of this investigation do not allow any 
concl!lsions concerning the relationship he­
tween the time of ex~ure to snuff and the 
seventy of the lesions. This is in agreement 
with the clinical data reported by Hirsch et al. 
( 1982). However, 1t ma) be noted that there 
was a rather high incidence of atrophic lesions 
in the test groups after 18-22 months, as well 
as the preM:nce of dysplasia in hoth the test 
canals and the crevicular epithelium of the 
lower incisors. If snuff is stored under poor 
coffi3itions, the pH may rise. The average pH 
found under poor storage conditions is 9 .3 
(personal communication, Svenska Tobah 
AR, Goteborg, 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, Axel! et al. 1976) 
that tissue damage such as development of a 
thick layer of vacuolated ce!ls 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 8-deficient diet with an alkaloid-free 
C.S. tobacco extract. alone or in combination 
with a 20% ~olution 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-nitrosonornieotine) 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)- l-butanone (NNK), a 

relatively strong carcinogen, and N-nitroso­
anatahine (NAT). so far not hioassayed. 

According to Hecht et al. (1975), additional 
N'-II\ is formed by the reaction of salivary and 
tobacco nitrite with nomicotine and nicotine. 
Analyses of the saliva of snuff-dippers re­
vealed that the TSNA are extracted from the 
snuff during dipping (Hoffmann & Adams 

1981a). It is. therefore, considered of impor­
tance that the test-tobacco tested contains al­
kaloid~, and that the test canal be moistened 
with saliva, prerequisites fulfilled in this ex­

periment. "Ibc specific braml tested in our in­

vestigation was found to contain from 15 to 

106 p.p.m. of TSNA; the concentration of 
NNJ\' 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 
1981b). There is no correlation between pH 
and NNN levels (Hecht 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 results in le­
sions mainly restricted to the epithelium and 
connective tissue of the test canal. One rat 
developed a squamous cell carcinoma of the 
buccal mucosa. This tumour may be svon­
taneous or induced. It appears that spontane­
ous tumours of the oral mucosa are extremely 
rare, as in 5 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 & Gamer 1973). The possibility 
that the present tumour was induced by snuff 
therefore cannot be completely ruled out. 
Axell et al. (1978) calculated the association 
between oral cancer and snuff-dipping in 
Sweden and found it to be 0.5 per 100,000 
male snuff-dippers. The tumour incidence in 
this experiment may accordingly be expected 
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10 be very low in view of the limited number 

of animals used. 

One lesion which may be of interest is 

papillary hyperplasia of the squamous 

epithelium of the forestomach (Fig. 9), which 

was found only in s11uff-treated rats and then 

after long exposure ( 18-22 months). It is 

reasonable to assume that this le~ion 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 forcstomach 

tumour cannot be determined from this study. 

Our rat model has a low incidence of spon­

taneous tumours. This is, of course. a great 

advantage when one is studying the effect of 
weak carcinogens or promoters. Bame~ has 

stated ( 1975) that we are profoundly ignorant 

of the consequences of exposure to low con­

centrations of weak carcinogens, ptirticularly 

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-tenn efiects on the oral muc­

ous membrane of snuff alone or in combina­

tion with variou~ sub5tances. 

References 

Axell, T .. Mornstad, H. & Sund,trom, B. ( J 976) 
The relation of the clinical picture to the his­
topathology of snuff dippers' lesions in a Swedish 
population. J Oral Pathol 5, 229-236. 

Axell, T., Mornstad. H. & Sundstrom. B. (1978) 
Snusning och rnunhalecancer. En retrospektiv 
studie. Tandl-tidn 70. 1048-1052. 

Barne~, J.M. (1975) As~essing hazards from pro­
longed and repeated exposure to low doses of 
toxic substances. Br Med Bull 31, 196-200. 

Dayan, A. D. & Brirnblccome, R. W. (1977) Car­
cinogenity Te~ting: Principles and Problems. 
Lancaster, England. MTP Press Ltd. 

':;. 
\,. 

~¥,(J 

Hecht, S.. 0rnaf. R. & Hoffmann, D. ( I 9i5) 
Chemical Studies on Tobacco Smoke. XXXIII. 
N' -Niuo,onornicotine in Tobacco: Analysis of 
Possible Contributing Factors and Biologic Im­
plications. J Nml Cancer Inst 54, 1237-1244. 

Heyden, G., ..\rwill, T., Lilja, J. & Magnusson, B. C. 
(1972) Clorhcxidinc solutions in histological and 
histochemical techniques. J Oral Patho/ 1. 
12-21. 

Hilfrich, J .• Hecht, S. & Hoffmann. D. (1977) A 
Study of Tobacco Carcinogenesis. XV. Effects of 
N' -Nitrosonornicotine and '-I' -Nitrosoanabasine 
in Syrian Golden Hamsters. Cancer Letters 2. 
169--176. 

Hirsch. J.-M. & Thilander, H. ( 1981) Snuff-induced 
lesions of the oral mucosa - an experimental 
model in the rat. J Oral Patlwl 10. 342-353. 

Hirsch. J.-M., Heyden. G. & Thilander, H. (1982) 
A Clinical Histomorphological and Histochemi­
cal Study on Snuff-induced Lesions of Varying 
Severity. J Oral Parhol 11, 387-398. 

Hoffmann, D. & Adams, J. D. (1981a) Carcino­
genic Tobaccospecific N-Nitrosamines in Snuff 
and in rhe Saliva of Snuff Dippers. Cancer Res 
41. -BOS 4308. 

Hoffmann, D. & Adams. J. D. (198lbJ Personal 
Communication. 

Johansson. S. L. (1981) Carcinogenity of anal­
gesics: Longterm rrearment of Sprague-Dewley 
rat; with phenacetin, phenazone caffeine and 
paracetamoi (Acetamidophen). Int I Cancer 27. 
521-529. 

MacKenzie. W. F. & Garner, F. M. (1973) Com­
parison of Neoplasms in six Sources of Rats. J 
Natl Cancer Inst 50. 1243-1257. 

Pindborg, J. J. & Renstrup, G. (1963) Studies in 
oral lcukoplakias. II. Effect of Snuff on Oral 
Epithelium. Acta Dermatol Venereol 43, 
271-276. 

Prejean. J. D .. Peckham. J.C.. Cassey, A. E., Gris­
wold, D. P., Wei,burgcr. E. K. & Weisburger. 
I. 1-f. (197 3) Spontaneous Tumours in Sprague­
Dawley Rats and Swiss Mice. Cancer Res 33. 
2768-2773. 

Roed-Petersen, R. & Pindborg. J. J. ( 1973) A study 
of Danish snuff-induced oral leukoplakias. J. 
Oral Pathol 2. 301-313. 

Sunanda, V .. Gothoskar, S. V., Sant. S. M., Ran­
dive, K. J. (l 975) Effect of tobacco and lime on 
oral mucosa of rats fed on vitamin B-deficient 
diet. Indian I Cancer 12, 424-429. 

Thompson. S. W., Huseby, R. A., Fox, M.A .. 
Davis, C. L. & Hunt, R. D. (1961) Spontaneous 
Tumours in the Sprague-Dawley Rat. J Natl 
Cancer Inst 27, 1037-1051. 



198 HJRSCH & JOHA'.',SSON 

Wallenius, K. (!966) Experimental oral cancer in 
the rat. With special reference to the influence of 
saliva. Acta Pathol et Microl>iol Scand, Suppl. 
180. 1-91. 

WHO Collaborating Centre for Oral Precancerous 
Lesion~ (1978) Definitions of leukoplakia and 
related lesions: an aid to studies on oral pre• 
cancer. Oral Surg, Oral Med, Oral Pathol 46, 
518-539. 

Address: 
J.-M. Hirsch, 
Department of Oral Surgery, 
Faculty of Odontology, 
University of Gothenburg, 
Box 33070, 
S-4 00 33 Gothenburg, 
Sweden. 


