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A clinical, histomorphological and histochemical 
study on snuff-induced lesions of varying severity 

JAN-MICHAEL HIRscH•. GUY HEYDEN•• and HOLGEll THILANDEI•• 

Departments of Oral Surge~ and Oral Path\logy .. , Faculty of Odontology. Gothenburg, Sweden 

The oral lesions in SO habitual snuff-dippen were graded on a four-point sc:alc. 
The patients' tobaeco and drinking habits were studied by means of a questionnaire. 
From each patient a biopsy was taken for histomorphological and histochemical 
analysis. A correlation between snuff habits and tbe clinical degrees was found, as 
well as between the snuff habits and certain superficial and deeply located cell 
changes. The incidence of keratinized lesions, sialadenitis and slight dysplasia 
(based on subjective evaluation under a light microscope) was higher than previ­
ously reported. Presence of dysplastic changes could not be predicted by means of 
the parameters which characterise the snuff habit or from the clinical grade. 
The histomorphological and histochemical results were interpreted as showing that 
the mucosa react to snuff inducing hyperplasia in the basal cell layers. In the surface 
layer indications of lethal damage were found. The overall stromal reaction to snuff 
was weak. However, the salivary glands and excretory d~'ts exhibited degenerative 
changes which were f01111d to be more severe than the pathological changes in the 
surface epithelium. 
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The clinical picture of snuff-dippers' lesions 
bas been described by Pindborg & Rcnstrup 
(1963), Roed-Petersen & Pindborg (1973) 
and Axell et al. (1976). These authors also 
presented the uniform histopathological pic­
ture of snuff-dippers' lesions in Scandinavia. 
Thus, increased epithelial thickness was 
observed in 8~100% of the cases. The sur~ 
face layers of the epithelium were found to 
consist of vacuolated cells. Increased 
epithelial thickness and presence of vacuol­
ated surface layers seemed to be positively 
correlated to the clinical severity of the lesions 
(Axell et al. 1976). 

0300-9777/82/050387-12 $02.50/0 

In different parts of the world snuff has 
different constituents. Thus, the quality and 
content of tobacco and chemical components 
may vary widely as well as the manufacturing 
process (Roed-Petcrsen & Pindborg 1973). In 
Scandinavia, wet snuff, which is highly al­
kaline (pH 8-9), is used_ almost exclusively. 
C..orrelation between the histological appear­
ance and the brand of snuff used has been 
reponed (Pindborg & Poulsen 1962. Archard 
& Tarpley 1972, Axell et al. 1976). 

The daily exposure to snuff among snuff­

dippers bas been calculated to be 16 h by 
Roed-Petcrsen & Pindborg (1973) and 7 h by 
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Axell et al. (1976). The latter authors esti­
mated the consumption per day to be around 
14 g. No correlation between the time of ex­
posure or the quantities of snuff consumed 
and the clinical or histological appearance of 
the lesions has been reported. 

It might be expected that differences in 
snuff habits would be reflected in different 
tissue reactions. The aim of this investigation 
was to study the clinical. histomorphological 
and histochemical characteristics of oral le­
sions, induced by exposure to snuff. 

Mate.UI and methods 

The material of the present study consisted of 
50 male patients age x = 41.3 ± 17.6 (tSD), 
range 15-84 years, all habitual snuff-dippers. 

Clinical methods 

The clinical appearance of the snuff-induced 
lesions was graded in accordance with photo­
graphic standards and criteria given by Axell 
et al. (1976). 

Degree 1 "A superficial lesion with a color 
similar to the surrounding mucosa 
with slight wrinkling and no 
obvious thickening" 

Degree 2 "A superficial whiti~h or yellowish 
lesion with wrinkling and no 
obvious thickening" 

Degree 3 "'A whitish-yellowish to brown 
wrinkled lesion with intervening 
furrows of normal mucosal color 
and obvious thickening'" 

Degree 4 "A marked white-yellowi~h to 
brown and heavily wrinkled lesion 
with intervening deep and red­
dened furrows and/or heavy thic­
kening" 

The snuff habits of the patients as well as 

smoking and drinking habits were elicited by 
means of questionnaires as follows: 

1. Number of years with the snuff 
habit ... a 

2. Daily exposure to snuff in hours . .. b 
3. Daily consumption of snuff in 

-grams 
4. Total exposure 

... c 
TE=axb><c 

5. Brand of snuff used 
6. Exact site for the placing of the quid 
7. Smoking, chewing and drinking habits 
8. Subjective symptoms 

Historrwrpho/ogical method.f 

From each patient a biopsy was taken for his­
tomorphological and histochemical analyses. 
The tissue specimens. randomly enclosing 
minor salivary glands, comprised 10 x 5 mm 
of the upper vestibular mucosa and submu­
cosa down to the underlying muscle tissue. 
Both peripheral (clinically unchanged) and 
central parts of the lesions were included in 
the biopsies. The specimens were immediately 
placed in ice-cold Histocon (Histo-Lab, Go­
thenburg, Sweden). The biopsies were frozen 
in isopentane chilled to about -140"C with 
liquid nitrogen (Heyden et al. 1972). Tissue 
sections (8 11m) were cut in a cryostat at 
-20"C. Cold microtome sections were fixed in 
4% neutral buffered formalin and stained 
with haematoxylin and eosin and the van 
Gieson technique. These tis.~ue sections 
formed a morphological reference for unfixed 
sections subjected to enzyme histochemistry. 

Histochemic-al methods 
a. Chemical component histochemistry 

Cold microtome sections were ftxed a~ above 
and stained for polysaccharides with the 
McManus PAS technique. Lipids were de­
tected with the acid haematcin method a11d 
the OTAN-technique (Adams 1965). 
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Glucoseaminoglycans (GAGs) were stained 
with Aldan blue 8 GS pH 0.5 and 2.5. 

b. Enzyme histochemLm-y 

Unfixed cold microtome! sections were incu­
bated for the histochemical demonstration of 
glucose-6-phosphate-dch)'drogenase 
(G-6-PD) and NADPH-diaphorase activities 
(Chaycn et al. 1973 ). In order to disclose any 
metabolic atypia (aberrant G-6-PD-activity), 
tests were performed according to methods 
described by Heyden ( 1974, 1979). Acid 
phosphatase actiVIty (azo-d)'e method. 
Burstone 11)58) and leucylaminopeptidase 
activity (LAD; Nachlas et al. 1960) were also 
recorded. 

The usual controls of possibly interfering 
non-enzymic staining reactions were per­
formed (Chayen et al. 1973). Intrasection 
comparisons we.rc made between clinically 
unchanged areas in the periphery of the le­
sions and central, pathological changes. 

Statistical mecfwds 

In order to test mean differences of certain 
parameters in the different clinical degrees. 
one-way analysis of variance was perfonned. 

Table I. 

If significant differences were found, multiple 
comparisons of the different means were car­
ried out using the method of Scheffe (1959). 
significance level 5%. 

Resulbi 

Cli11ical evaluations 
The distribution of the lesions between the 
different clinical degrees is shm~:n in Table 1 

The ages and snuff habits of the patients are 
summarized in the same table. The four clini­
cal degrees showed significant differences 
with regard to the parameters presentc!d in the 
table. Younger patients were usually found in 
clinical degrees 1, 2 and 3, while a significant 
predominance of older patients was noted in 
degree 4. The mean number of years with the 
snuff-dipping habit was 20.2 ± 16.8 (x ± SD). 
The patients in the fourth clinical degree had 
been snuff-dippers significantly longer than 
the rest of the patients. On average. the pa­
tient~ kept the quid for 8.5 ± 4.9 h. As shown 
in Table I. the patients in degrees 3 and 4 
dipped approximately twice as long per day as 
the patients in degrees I and 2. The daily ex­
posure to snuff in degree 4 was significantly 
longer than in degree l. The differences be-

Degree of clinical chang" in relation to ag<' a11d snuff habit•·· 

----------·--·-
Clinical Aqe NurabGr ot years Daily ex~csure D.Jilv consumption Tota: 

No Ln ~ea't's With tt.e hcJ.la~ in ho;r_. "tn -=f:-sms ii>xp~!i·..:re degree lxl (x) til lxl lXI 
-------------·--

10 32.1 9.2 'j .2 6. 8 'b 7, D 

2'/. 3 q. 2 6,; 'o;. 2 11 ~8. 0 

l 11 32.1 1J.6 10.1 17. 'I 2111(. ~ 

20 57.2 34.7 10.6 :Ll 124 2.:- t. 
------- ... ~------~ -----

50 41.3 20.' 8.5 17. 1 471•:. ~· 

! s 0 ! 17.6 !16.o 4. 9 : 1 ~ ' 3 ~ 118i1.; 

Range 15-84 1-60 D. 1-20 4-;o 2.-1-54~'7:-____ ,_ .. _______________ - ··-------------·- .. ----"· 
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tween the clinical groups concerning daily 
consumption of snuff was small. Only between 
degree 1 and degree 4 were significant differ­
ences found. When the total exposure (TE) 
was compared between the 4 clinical groups 
significant differences were found. 

The relationship between TE and clinical de­
gree is presented in Table 2. 

The snuff-dippers used 8 different brands of 
snuff. However, 74% ofthe patients used 1 of 
3 hrands. Some patients changed brands quite 
frequently but a majority stated that they used 
only I or 2. More than half of the patients 
{68%) were social drinkers. Half of these pa­
tients were smokers as well. 

Of those who did not drink any alcohol, 8% 
were smokers and snuff-dippers and 24% 

i 
' ' • 

4 co 

Table 2. 
Graph shol4'ing the rclarionship between 
the dinical degree (CD) and rota/ 
exposure (TE) to snuff(n ""50.­
'""X± SD). 

used snuff only. No significant differencts 
with regard to clinical grading and histological 
appearances could be found either between 
patients with multiple habits (snuff, smoki;;g 
and drinking) and those who only used snuif 
or between patients who used different brands 
of snuff, and thl1SC who used one brand only. 

Histomorphnfogy 

In general. the snuff-induced oral lesions wen: 
characterized by evenly distributed. slight 
(76%) to moderate (18%) parakeratinizatien. 
Vacuolated cells were noted in the mpertic:'!l 
eclllayers of the epithelium (76%) (Fig. 1) as 
well as varying degrees of stromal inflamma­
tion (80% ). An increased epithelial thickne~s 
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Fig. 1. Snuff-induwJ 
vacuolated cells in th" 
superficial ceU layer> "' 
the epithcliwn. Clin•cal 
degree 3. H&E x 12'. 

Fig. 2. Slight epithelial 
d)'!'plasia (including 
nuclear polymorphi'm and 
hyperchromasia in a 
wealdy i.nJlamed lesh.>n of 
degree 2. Vacuolated cells 
are visible in upper pam 
of the spinous cell layer 
(S). H&E x200. 
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Fig. J. Acinic cell degeneration with stromal byalinization and dilated excretory ducts in a 511.1ivary gland :n a 
lesion of clinical de~ee 4. H&E x200. 

l'ig. 4. Slighl sialadcnitis and panial degeneration of the parenchyma of a salivary gland. Clinical dcgrco !. 
H&E x200 . 

was seen in most of the specimens (94%). 
Atrophic and ulcerated lesions were rare 
(8%) Slight dysplastic changes (Fig. 2) were 

detected in the: epithelium in lesions with 
varying degrees of inflammatory reaction 
(18%). For definition of dysplasia, see WHO 
Collaborating Centre for Oral Precancerous 
Lesions, 1 97 8. 

Lymphocytes and plasma cells were the 
predominating inflammatory cells. Significant 

numbers of eosinophilic or ncutroplnlic 
granulocytes were not recorded. 

In 2% of the non-inflamed lesions amorph­
ous, weakly eosinophilic regions \\cr.: f•11.md 
in the connective ti.~sue papillae. 

When the four different clinical Jq!r.:~ 

were compared concerning the Sl!\crity t)f tht 
above tissue changes, it was found thai degree 
4 usually demonstrated more accentuate-d 

changes. Vacuolization o£ the epithelial cdl~ 
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Table 3. 
Dyspltuia in nlation to age and 3nuff Mbilr. 

·--------
Histological A9e Nwaber of year:t Daily exposure Da 11 y conaUIDpt ton Total 

No in ~ears with the habit in hours ln !frau ex~sure 
qr.ad1nq 

(X) li> ,;;, (XI (X) 

---·---··--·----" 
44.7 23.9 8.3 17.0 427.1. 7 

41 40.6 19. s 8.6 17.1 4806.6 
·-·-·------

50 41.3 20.2 

!17 .6 !16 .8 

15-84 1-6G 

(24 'Yo) as well as moderate parakeratinization 
(14%), was most prominent in degree 4 le­
sions. 

Degree 4 lesions also included an increased 
number of mitotic figures, oedema and slight 
to moderate inflammation compared to the 3 
other degrees. These tissue cbanges were also 
related to an increase in TE. It should be em­
phasized that lesions with slight epithelial 
dysplasia were found in all fouc clinical de­
grees and no significant correlation was found 
between any parameter presented in Table 3 
and dysplasia. However, patients in the group 
with dyspla.'lia had been snuff-dippers longer 
than the others. No case of moderate or se­
vere dysplasia was recorded. 

Tissue specimens from 74% of the patients 
included salivary glands. Sialadenitis and de­
generative changes were registered in 42% of 
these. Fifty-two per cent of the lesions clini­
cally belonging to degrees 3 and 4 de­
monstrated sialadenitis, while in degrees 1 
and 2 this was found in only 19% of the biop­
sies including gland structures. Acinic cell de­
generation was more prominent in lesions 
belonging to degrees 3 and 4 (Fig. 3) than in 
degrees 1 and 2 (Fig. 4). 

Chemical component histochemistry 

By using the PAS technique. a very unequal 

8. 5 17.1 4710.5 

!4. 9 !n .9 !11043.5 

0. 3-20 4-50 2.4-54175 
··-··-.. ··-····· 

distribution of polysaccharides could lx: de­
monstrated in the snuff-induced lesions. 
Single cells or groups of cells in the different 
strata of the epithelium displayed strongly 
positive staining reactions while the sur­
rounding cells were totally negative (Fig. 5). 

Lipid staining demonstrated diffuse dis­
tribution of unsaturated hydrophobic lipids in 
a granular form, both extra- and intraccllul­
ary, in the sucface layers of the epithelium. 
Increased amounts of phospholipids in the 
cells of the more basal layers was noted in 
areas with high proliferative activity (Fig. 6 ). 

A juxta-epithelial zone of sulphated 
mucopolysaccharidcs (GAGs) was de­
monstrated in lesional areas in some of the 
specimens. The above histochemical findings 
were made in all four clinical degrees. How­
ever, the positive lipid reactions seemed to be 
most prominent in degree 4. 

Enzyme histochemistry 

Recordings of G-6-PD activity as well as 
NADPH-diaphorase activity showed de­
creased enzymic reactions in the stratum 
granulosum. In the stratum basale a general 
increase of the oxidative enzyme activities was 
observed on intrasectional comparison be­

tween lesional and non-lesional areas in all 
fouc clinical degrees (Fig. 7). 
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Fig. 5. Strong PAS 
positive reactions in 
single epithelial cells and 
cell regions in a lesion of 
clinical degree 3. x200. 

Fig. 6. Black staining (B) 
of ~uperfldal epithelial 
cells indicating presence 
of unsaturated 
hydrophobic lipids. 
Strong brownilih-red 
staining (arrOVI'S) 
indicating increased 
amounts of 
phospholipids in the 
basal cell layers of a 
lesion of degree 1. 
OT AN-staining. x l2S. 
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7. Loss of NADPH-diaphnrase activity in the 'upcrficial epithelial cell layers of a ksion of degree .!. 
the locally increased enzyme acti•ily in the more basal cells in the same r,gion. x 125. 

8. loss of G-6-PD activity in dcgeneratin~ acinic cells in a salivary gland. Clinkal degree 2. The dilated 
ducts show strong enzyme activny. x 2 00. 
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Acinic cells in salivary glands with 
sialadenitis and degenerative changes re­
vealed weak oxidative enzyme activities (Fig. 
8). In some dilated excretory ducts single 
epithelial cells or cell clusters stained for 
aberrant G-6-PD activity, while adjacent 
epithelial cells were almost unstained. These 
were the only signs of metabolic atypia re­
corded in available specimens. The oral 
epithelium was consistently negative in this 
respect. Nonnal distribution and activity 
levels of LAP were noted in the connective 
tissue. A slight increase in acid phosphatase 
reac.:tions was observed in the basal cell layer 
of the oral epithelium. Both these enzyme ac­
tivities were slightly increased parallel with in­
creased degrees of inflammation. 

The patients in this investigation deviated in 
some respects from other studies. The patients 
were more evenly distributed within the 
group; (classified according to the clinical 
severity of the lesions) as compared to other 
studies (Axell et al. 1976). Furthermore, the 
mean age of the patients was somewhat lower, 
the age range greater, and the patients had 
been snuff-dippers for a shorter time in com­
parison with other studies (Roed-Peter.;en & 
Pindborg 1973, Axell et al. 1976). We also 
found that the snuff-dippers kept the quid 
fewer hours per day than stated by 
Roed-Petersen & Pindborg (1973) but 2 h 
longer than reported by Axel! et al. (1976). 
Finally, the daily consumption nf snuff was 
greater in this study compared to estimates 
made by the above authors. 

This investigation has demonstrated a 
higher incidence of keratinized lesions. 
sialadcnitis. and biopsies with slight d~~plasia. 
than reported earlier. Slight dysplastic 
changes were observed in all clir.ical stages of 
the lesions. In previous prmpenin: reports 

from Scandinavia only one case of snuff-asso­
ciated dysplasia and one of snuff-induced 
squamous cell carcinoma have been described 
(Roed-Petersen & Pindborg 1973). Axell et 
aJ. (1976) described changes characterized as 
·'disquiet" epithelium in some specimens. 
Similar reactions to snuff bad been reponed 
earlier by van Wyk (1965). 

The slight dysplasia observed in our study 
does not necessarily mean precancerous 
changes. As stated by the WHO Collaborating 
Centre for Oral Precancerous Lesions (I 978). 
slight dysplasia may be found in non-precan­
cerous lesions as well. However, in a retros­
pective study, Axell et al. ( 1978) have de­
monstrated a clear correlation between snuff­
dipping and oral cancer in Sweden, a fact 
suggested earlier in many other countries (for 
review, sec Axcll & Mornstad 1974). Thus. 
there is a documented inconsistency between 
prospective and retrospective investigations 
which remains to be further evaluated. 

The present bistomorphological and his­
tochemical results support the interpretation 
that when oral mucosa is exposed to snuff. it 

reacts to the chemical injury with sublethal 
cell damage in deeper parts of the epithelium. 
inducing epithelial hyperplasia. The presence 
of hydrophobic unsaturated lipid in the sur­
face layers of the epithelium might be dut:: ;o 
cell degeneration (lethal damage). However. 
lipids might also be derived from the sndf 
quid. Non-enzymic staining reactions in the 
same areas, observed during recmdings of 
oxidative enzyme activities, also indicate 
presence of lipids and sulphydryl groups that 
might reduce the tetra:zolium salts in the in­
cubating media and thereby increase the 
staining reaction~. 

The regional presence of a juxta-epithelial 
band of sulphated mucopolysaccbarides 
(GAGs) might be a stromal reaction to the 
external damage. The largely normal dis· 
tribution and activity levels of LAP indicated 
that the stromal reactions to snuff wc1·e com-
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parably weak. The slight increase in acid 
phosphatase reactions observed in the basal 
cell layers ofthe epithelium might be involved 

in the local hyperplastic tendency of the 
epithelium. 

An important observation in this investiga­
tion was that the salivary glands seemed to be 
subjected to more severe damage than the 
oral epithelium. The degrees of sialadenitis 
varied. Variations in degenerative changes in 
the salivary glands may be due to differences 
in snuff-dipping habits and brands of snuff. 
However. they may also reflect biological 
variations. 

The most marked degenerative changes in 
the gland tissues were seen in the lesions clini­
cally assigned to degrees 3 and 4. 

Loss of local gland functions may lead to a 
decreased production of saliva and hence a 
decreased protection ofthe epithelium against 
snuff and other exogenous factors. The dilated 
excretory ducts also showed histochemical 
signs of reduced oxidative enz)me activities, 

indicating severe damage. The presence of 
aberrant G-6-PD-activity in !lOme epithelial 
cells in such ducts remains to be explained. 

Degenerative changes in salivary glands 
bave been reponed by other investigators 
(Reed-Petersen & Pindborg 1973, Axell ct al. 
1976), but Archard & Tarpley (1972) found 
no evidence of such changes. 

Thi11 investigation confirms earlier 

't>bservations that the severity of the clinical 

1~re is correlated lo the superficial his­
topathological changes in snuff-induced le­
~>ions (Axell et al. 1976). However, we also 
found a previously unreported association 
!between ~he clinical degree and deeply lo­
~~ated cell changes such as mitotic figures. 
moderate inflammation, oedema and 
!lialadenitis. In this study the total exposure to 
snuff (TE) has been shown to be related to the 
clinical degree but not to presence of 

dysplasia. Thus, marked histomorphological 
changes, such as dysplasia, could not be pre-

dieted by using the suggested clinical degrees 
or by calt:ulating the TE or any parameter 
characterizing the snuff habits presented in 
this study. lbis supports the hypothesis that 
there are other (endogenous and/or exogen­
ous) factors involved in the development of 
severe snuff-induced lesions. 

In eonclusion, histomorphological and his­
tochemical evidence was obtained in this in­
vestigation that snuff-dipping caused lesions 
reflecting alternating lethal and sublethal 
damage to, above all, the oral epithelium. 
Attention should, however, be directed to­
wards the probably irreversible changes 
observed in the salivary glands and their ex­
cr~tory ducts. 
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