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a b s t r a c t

The aim of this study was to identify palatable additives which have a significant protective action
against soft tissue changes in the oral cavity caused by Swedish smokeless tobacco (“snus”), and that
satisfy existing legal requirements.

Although the cancer risk from snus is extremely low, long term use may result in highly undesirable
keratotic lesions and associated epithelial abnormalities in the oral cavity.

The rat forestomach, which is vulnerable to the irritative action of non-genotoxic compounds like
butylated hydroxyanisole, propionic acid as well as snus, was chosen as an experimental model. Studied
toxicological endpoints included histopathology and cellular proliferation based on DNA incorporation of
bromodeoxyuridine.

After 6 weeks' exposure, blueberries (bilberries) and an extract from the common milk thistle were
found to exert a highly significant inhibition of cell proliferation induced by snus in the rat forestomach
epithelium, indicating a potential protection with respect soft tissue changes in the human oral cavity.

© 2016 Elsevier Inc. All rights reserved.
1. Introduction

During the last 3-4 decades male smoking-related deaths have
gradually decreased in Sweden. In comparison with EU member
states, the median attributable death rate is less than half. The
prevalence of smokers among Swedish men is currently below 11%,
as compared with more than 40% e.g. in Russia. This development
can be attributed to the fact that smoking has to a large extent been
replaced by nicotine delivery by a smokeless tobacco product called
“snus” (Foulds et al., 2003; WHO, 2012; Ramstr€om, 2014).

In spite of the fact that about 20% of the adult male population
uses snus regularly, there is no convincing epidemiological evi-
dence that this is associated with an elevated risk for cancers in the
oral cavity, esophagus or stomach (Lewin et al., 1998; Schildt et al.,
hemistry, Vin�ca Institute of
ica Alasa bb Vin�ca, Belgrade
1998; Luo et al., 2007; SCENIHR, 2008, p.11; Lee, 2011). Further, it
has not been possible to verify the claim, that snus causes
pancreatic cancer (Lee, 2011; Bertuccio et al., 2011). The failure to
detect an elevated cancer incidence in users of snus is compatible
with the fact that the levels of tobacco specific nitrosamines (TSNA)
are about 10 000 times lower than e.g. in some types of impure
Sudanese oral tobacco (Idris et al., 1991; 1994; €Osterdahl et al.,
2004; WHO, 2009). Further, when comparing the expected levels
of promutagenic TSNA-induced DNA damages induced by snus
with the “normal” background of the same lesions (mainly O6-
methylguanine, N7-methylguanine and DNA pyridylox-
obutylations) (Schl€obe et al., 2008; Swenberg et al., 2011), no in-
crease in cancer risk can be expected (Nilsson, 2011).

After long term exposure snus may induce local oral lesions
known as “snuff dipper's lesions”, leucoplakias, or snuff-induced
keratosis, characterized by a hyperplastic epithelium with vacuo-
lization and keratinization. Acanthosis, and slight inflammation
may also be present accompanied by an increased mitotic rate
(Larsson et al., 1991). It should be distinguished from smoking



Table 1
Impurities in Swedish snus. Average observed levels in Swedish Match's products
2009.

Component Content Component Content

Nitrite 2.0 (mg/kg) Cadmium 0.6 (mg/kg)
TSNA total 1.6 (mg/kg) Lead 0.3 (mg/kg)
NDMA*) 0.7 (mg/kg) Arsenic 0.1 (mg/kg)
B(a)P 1.1 (mg/kg) Nickel 1.3 (mg/kg)

*) NDMA, N-nitrosodimethylamine.
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induced preneoplastic forms of leucoplakia displaying cellular
atypia (dysplasia (Ax�ell, 1993; Ax�ell et al., 1976; Andersson and
Ax�ell, 1989). These dysplastic lesions are typically induced by
betel chewing, or by other impure tobacco products used in South
East Asia and Sudan (Zain et al., 1999).

The smokeless tobacco keratosis induced by modern Swedish
snus is reversible after cessation of exposure, and has a very low
probability for malignant transformation (Roosaar et al., 2006).
Nevertheless, a carcinogenic risk associated with snus lesions in
some particularly susceptible individuals cannot be ruled out,
although the population risk increase would be too low for detec-
tion by conventional epidemiological methods. These lesions
represent a clinical problem in themselves. Snus users with leu-
koplakias are sometimes referred for various, unnecessary clinical
work ups, including surgical biopsy.

A number of potent carcinogens induce tumors in the rodent
forestomach, which is also susceptible to the irritative or corrosive
action of several non-genotoxic compounds, like acrylic acid,
butylated hydoxytoluene (BHA) and propionic acid. Stimulation of
cell division induced by cytotoxicity and regenerative hyperplasia
represents important underlyingmechanisms (Clayson et al., 1991).
IARC, which disregards mechanisms of action as well as levels of
exposure, has classified BHA as a B2 carcinogen: Nevertheless, this
additive is universally used as an antioxidant in food products like
fats and oils (E321), and propionic acid (E280) is employed as an
antifungal agent in bread and other commodities.

In two Swedish studies, where rats were exposed to Swedish
snus for 8e22 months in a surgically produced artificial oral canal,
squamous epithelial hyperplasias were detected in the forest-
omach. During treatment the rats had swallowed tobacco, and the
effects were interpreted as due to non-specific irritation (Hirsch
and Johansson, 1983; Hirsch et al., 1984). In this study the rat for-
estomach epithelium was chosen as a potentially useful experi-
mental system to investigate modulation of hyperplasia induced by
tobacco.

In rodents a number of constituents from plants as well as other
chemicals have demonstrated inhibition of tissue lesions such as
hyperplasia and tumors. However, the efforts within EU and the US
to drastically limit and eliminate undesirable additives to tobacco
products seriously limit the number of such agents that can be
added (EU, 2015; FDA, 2015). The aim of this experimental study
was to ascertain the utility of blueberries and silymarin as possible
additives as potentially protective agents against soft tissue
changes in the human oral cavity caused by oral tobacco.

2. Materials and methods

2.1. Substances and herbal products

2.1.1. 3-t-Butyl-4-hydroxyanisole
BHA (99%) was obtained from SigmaeAldrich Co., USA. It was

dissolved in corn oil (Sigma, Aldrich), and mixed with pulverized
commercial pellet (Veterinarian Institute Subotica, Serbia) to a final
concentration of 2%, and used as such.

2.1.2. Bromodeoxyuridine
(BrdU) (�99%) e (SigmaeAldrich Co. USA) was purchased from

Uni-Chem, Belgrade. Flat-faced cylindrical matrices containing
50 mg of BrdU with a diameter of 5.6 mm were prepared at the
Faculty of Pharmacy, Belgrade University, by a direct compression
technique using an eccentric tablet press (Korsch EK-0, Korsch,
Berlin, Germany).

2.1.3. Standardized oral tobacco
(snus “Ettan” brand) was obtained from Swedish Match AB. The
level of selected impurities are given below (Table 1) (Rutqvist
et al., 2011).

The levels for nitrosamines and benzo(a)pyrene (B(a)P) are in
agreement with the limits recommended by WHO (2 mg/kg for
NNN þ NNK and 5 mg/kg for B(a)P; WHO, 2009).

The tobacco was thoroughly homogenized with distilled water
in a blender, and used as such ormixed with the putative protective
agent. At high concentrations the tobacco slurry separated into two
phases, which was inappropriate for intubations. 10 g tobacco ho-
mogenized in 100 ml of H2O was found to be appropriate.

2.1.4. Blueberries
(Vacciniummyrtillus) - A freeze dried powder fromwild Swedish

blueberries produced by Superfruit, Stockholm, Sweden, was used.
The product was distributed by the Stockholm University under the
EU 7th Framework Programme Collaborative project with Depart-
ment of Biotechnology, New Delhi, “Impact of agents with potential
use in functional foods on biomarkers for induction of age related
diseases” (Grant Agreement, 245030, completed in 2014).

0.15 g Blueberry powder was mixed with 100 ml distilled water
and used in the current study.

2.1.5. Extract from milk thistle
(Silybum marianum) e An extract from milk thistle seeds was

obtained from Favora Belupo, Croatia. In violation of the EU Di-
rectives on Traditional Herbal Medicinal Products, the producer
refused to reveal the concentration of active principles. According
to UPLC analysis carried out at Vin�ca, the content of silymarin was
52%, and the relative proportions of active ingredients were com-
parable to an extract standardized to 50e60% silymarin from
Indena S.p.A., Milano, Italy (44% vs, 46.5% silybinin in the Italian
product, 12% vs. 16.3% isosilybinin and 44% vs. 37.2% silydianin plus
silychristin). According to EFSA (2010) the Indena product was
adequately characterized.

Each animal was administered 0.06 g of the Favora product
corresponding to 0.03 g of silymarin.

2.2. Animals and treatments

Seven weeks old male inbred Wistar rats (250 ± 10 g pilot
experiment; 300 ± 19 g main experiment) from separate litters
obtained from a colony kept at the Vin�ca breeding facility, were
maintained under the standard conditions, group-housed (4 per
cage) on chip beddingwith free access to food (pelleted commercial
diet from Veterinarian Institute Subotica, Serbia) and tap water,
regular 12 h light/12 h dark cycle and constant temperature
(21 ± 2 �C) and humidity. Body weights were measured 3 times per
week, and the animals observed daily for signs of toxicity and
behavioral changes.

In the pilot, as well as in the main study, volumes of 1.5 ml
containing the tested agents at levels given below were intra-
gastrically intubated 3 times a week (9e10 AM), using reusable
stainless steel feeding needles, 3 mm ball diameter (Cadence Inc.
USA).
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� 10 g Swedish snus homogenized in 100 ml distilled water
(z0.5 g/kg bw).

� A homogenized water suspension of 10 g freeze dried blueberry
powder in 100 ml distilled water (z0.5 g/kg bw).

� 4 g Extract (52% silymarin) dissolved in 100 ml distilled water
(z0.1 g/kg bw).

� A slurry of 10 g snus plus 10 g blueberries in 100 ml distilled
water (z0.5 g/kg bw for each agent).

� 10 g Snus plus 4 g extract (52% silymarin) in 100 ml distilled
water (z0.5 g/kg bw snus and z0.1 g/kg bw silymarin).

The Wistar rats refused to consume a diet containing 2% of BHA
as described for Fischer 344 rats by Cantoreggi et al. (1993). For this
reason, BHA was mixed with pulverized food pellets, and admin-
istered by gavage.

All procedures for treatment of the animals were approved by
the Ethical Committee for the Use of Laboratory Animals of the
Vin�ca Institute of Nuclear Sciences, University of Belgrade, ac-
cording to the guidelines issued by the EU registered Serbian Lab-
oratory Animal Science Association implementing the European
Communities Council Directive of 24 November 1986 (86/609/EEC)
as well as the rules for good laboratory practice established by EU
and OECD. All animal experiments are under the guidance of an
authorized veterinarian specialized in the conduction of animal
experiments, and the principal investigators and technicians are
authorized to perform experiments in animals.

2.2.1. Pilot study
Animals were randomly divided into groups of four rats

(including controls) and used to establish the following experi-
mental conditions.

1) Effects of BHA, positive controls (4 and 8 weeks' exposure).
2) Determination of the appropriate length of exposure for

inducing lesions in the forestomach by snus (4 and 8 weeks).
3) Optimal dose and dosing frequency for exposure to the tested

agents.
4) Optimization of BrdU uptake.
5) Optimization of histological and immunohistochemical

techniques.
6) Standardizing the measurement of oxidative stress parameters

in plasma.
2.2.2. Main study
7 groups of 4 rats were treated for 6 weeks as described above

under 2.2 Animals and treatments, with the inclusion of BHA and an
untreated control group. Sacrifice on day 43.

2.3. Autopsy and tissue preparation

The animals were sacrificed by decapitation and the stomachs
with the parts of upper small intestine were removed. The forest-
omachs were separated (near the limiting ridge) and cut along the
minor curvature. During target tissue separation, the animals'
abdominal and thoracic organs were inspected for any pathological
changes.

After separation, forestomachs were washed in 0.9% aqueous
sodium chloride, spread on paraffin substrate with pins and
covered with 10% neutral buffered formalin for one week's fixation.
Tissue blocks of the forestomach were cut transversely into serial
Sections 5 mm in thickness from the forestomach-esophageal
junction, middle region and forestomach-glandular junction.

Two consecutive sections, with ten levels, in the range of 250 mm
between each level, were taken for analysis. The tissue sections
were stained with hematoxylin and eosin for histological analysis
and immunohistochemically for the incorporation of BrdU into
DNA for analysis of cell proliferation. The analysis was done on light
microscope Olympus AX70 with the objective magnification 10x
and 20x.

2.4. Cell proliferation study

After deparaffinization in xylene, dehydration with a series of
decreasing concentrations of ethanol, and rehydration in distilled
water, the forestomach sections were stained immunohis-
tochemically (Pharmingen™ BD Biosciences®, San Jose, CA, USA).
Basically, the procedure involves the use of a monoclonal antibody
against BrdU (anti-BrdU murine IgG), which is detected with a
secondary antibody (biotinylated goat anti-mouse IgG) linking the
primary antibody to a label (streptavidin-HRP) as the detection
system, and 3,30-diaminobenzidine as chromogen for visualization
of BrdU incorporation (BD Biosciences, 2014). The forestomach
tissue sections incubatedwith normal serum instead of the primary
antiserum were used for control staining. The sections were
counterstained with Mayer's hematoxylin (Merck) for analysis
under light microscope.

The number of immunoreactive cells in the squamous stratified
epithelium was determined using a computer-supported imaging
system connected to a light microscope with an objective magni-
fication of 10x. BrdU positive cells were expressed per mm2 of
epithelium. The area of the epithelium was calculated using the
following expression,

p ¼ p� d2
.
106

Here, P is the surface area, p is the number of grid points that lie
in the epithelium, and d is the size of the square network at a
magnification of 200 (10x objective). The number of proliferating
(BrdUþ) cells was expressed per mm2 of epithelium, and calculated
according to the expression

N ¼ n=P

where n is the number of BrdU positive cells on the presented
surface, and P is the examined surface area of epithelium. At least
10 tissue sections per animal were counted in the forestomach-
esophageal junction, middle region and forestomach-glandular
junction. In addition to the number of BrdU positive cells/mm2,
the ratio between dividing cells and the total number of cells per
unit area (proliferation index), expressed as percentage is given.
This enabled a comparison to bemade between the twomanners of
presentation.

2.5. Statistical analysis

The results are expressed as the mean ± SE. Values were
compared using the nonparametric ManneWhitney U test in the
program SPSS 10 for Windows. Differences at p < 0.05 were
accepted as the level of significance.

3. Results

3.1. Pilot study

3.1.1. Optimization of BrdU uptake
The results from optimization of BrdU exposure are shown in

Fig.1. An increase of dose from 50 to 100mg resulted inmore than a
doubling of labeling efficacy, and 200 mg gave an additional
enhancement of some 20%. A further elevation of dose had a
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Fig. 1. Levels of BrdU positive cells in the rat forestomach in controls and in animals
administered a BHA containing diet (2%) by intragastric intubation for 4 weeks, and
where matrices with a different total content of BrdU were inserted subcutaneously in
the dorsal neck region 2 days prior to sacrifice.

Fig. 2. Incorporation of BrdU in the rat forestomach epithelium. a) Control (10x
magnification); b) Snus 8 weeks Arrows in b) indicate BrdU positive cells in the
granulose layer (10x magnification) Scale bars bottom right.
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relatively minor impact. We therefore concluded 200 mg to
represent an appropriate BrdU dose level.

3.1.2. Histopathological findings
Effects from dietary exposure to BHA or Swedish snus was seen

already after 4 weeks of treatment, and consisted of dilation of
blood vessels in the submucosa. These changes were more
apparent after 8 weeks. In comparison with controls, there was a
thickening of the basal region of squamous epithelium forestomach
as a result of enlargement due to proliferation of cells of the basal
layer, while the thickness of the surface keratin was similar
(Fig. 2b).

3.1.3. Cell proliferation
A significant increase in the number of proliferating BrdU pos-

itive cells (BrdUþ) was found in the basal and granulose layers of
the squamous epithelium from the rats exposed to BHA aswell as in
animals administered snus for 4 as well as 8 weeks. Proliferating
cells were mainly localized in the basal layer of epithelium,
although they could be seen in the spinous epithelial layer, espe-
cially in animals treated with snus of BHA for eight weeks where
the number of BrdUþ cells was significantly higher than for the
shorter treatments (p < 0.01). In Table 2 the number of BrdU pos-
itive cells as well as the proliferation index are presented for con-
trols, exposure to BHA or snus after 4 respective 8 weeks in three
regions of the forestomach. Marked cell proliferationwas seen in all
analyzed forestomach regions.

Fig. 2 demonstrates the incorporation of BrdU in the rat for-
estomach epithelium in controls (a) and after treatment with snus
for 8 weeks (b).

3.2. Main study

3.2.1. Body weight gain
After 6 weeks' exposure, there were no statistically significant

divergences between groups with respect to the rate of body
weight increase, although there was a (non-significant) tendency
towards a lower weight increase for the snus group (Fig. 3). There
were no significant differences (p < 1.0) vs. controls in the average
group body weights at the end of the treatments.

3.2.2. Gross pathology
Except for one rat in the milk thistle extract group, where upon

autopsy pathological changes in the liver were detected, there were
no significant gross pathological alterations in controls or in the
treated animals. The liver lesions of the single, aforementioned
animal consisted of focal liver fibrosis in the left and middle liver
lobes, with numerous eosinophils in the forestomach. The cause for
these findings remain unclear. Surveillance to detect bacterial or
parasitic infections of the rat colonies has been maintained quar-
terly, and samples for microbial analysis sent to the Veterinary
Institute in Belgrade. For the target litter of rats microbiological
findings have been negative.

3.2.3. Cell proliferation
Treatment with snus for 6 weeks led to a significant increase

(p < 0.001) in BrdUþ labeled cells in the forestomach epithelium.
The cells were distributed through several layers in the basal
epithelium, moreover, their presence in the stratum granulosum
was observed (Fig. 4). Focal accumulation of a large number of
BrdUþ cells penetrating into the forestomach epithelium was also
detected. In comparison with treatment with snus only, combined
administration with blueberries or extract from milk thistle
decreased the number of proliferating cells significantly by
36e44% (Table 3).

4. Discussion

When the tobacco specific nitrosamines 4-(nitro-
somethylamino)-1-(3-pyridyl)-1-butanone and N'-nitro-
sonornicotine were swabbed in the oral cavity of the rat, with and
without an extract from US oral tobacco, the yield of oral tumors



Table 2
Number of BrdU positive cells/mm2 and proliferative indices (%) in three regions of the forestomach in rats treated for 4 or 8 weeks with BHA or snus.

Treatments Forestomach region

Forestomach-esophageal junction Middle region Forestomach-glandular junction

Number of BrdU positive
cells/mm2

Index of proliferation
e IP (%)

Number of BrdU positive
cells/mm2

Index of proliferation
e IP (%)

Number of BrdU positive
cells/mm2

Index of proliferation
e IP (%)

Control 18,83 ± 2,04 25,32 ± 2,6 18,58 ± 1.3 25,9 ± 1,77 16,46 ± 1,57 22,52 ± 2,2
BHA 4

weeks
68,85 ± 0.3*** 77,99 ± 0,7*** 78,67 ± 5,7*** 77,14 ± 1,65*** 44,03 ± 1,1*** 51,8 ± 1,1***

BHA 8
weeks

91,46 ± 0.4*** 87,71 ± 0,9*** 117,97 ± 6,8*** 91,17 ± 1,4*** 89,00 ± 8,4*** 76,26 ± 5,5***

Snus 4
weeks

42,79 ± 3,8** 44,86 ± 1,3** 56,55 ± 3,9** 57,76 ± 3,1** 30,42 ± 0,6** 49,66 ± 0,8**

Snus 8
weeks

71,56 ± 2,1*** 64,7 ± 2,4*** 81,00 ± 5,4*** 64,03 ± 1,5*** 66,93 ± 3,05*** 79,78 ± 0,36***

The results are presented as average ± SE.
***p < 0.001, **p < 0.01, *p < 0.05, control vs. animals treated with BHA or Snus.

Fig. 3. Average increase of body weights of treated animals, treatment for 6 weeks.

Fig. 4. Modulation by blueberries and milk thistle extract of BrdU Incorporation
induced by snus in the rat forestomach epithelium. Treatment for 6 weeks. a) Snus; b)
Snus þ milk thistle extract. 40x magnification. Scale bars bottom right.
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was drastically reduced in presence of the extract (Hecht et al.,
1986), findings, that are in line with the presence of potent anti-
carcinogens in plant materials. In humans, retinol, beta-carotene
and canthaxanthin exerted a protective action with respect to the
cytotoxic and genotoxic action of betel chewing (Stich and Tsang,
1989; Stich et al., 1984).

In our investigations blueberries (bilberries) and an extract from
milk thistle containing high levels of silymarin were used. Blue-
berries are rich in antioxidants, and prevent induction of cancers in
the rat esophagus by N-nitrosomethylbenzylamine (Stoner et al.,
2010). Blueberries also seem to reduce base line levels of micro-
nuclei in lymphocytes from humans exposed to high levels of PAHs
in food (Joksi _c, unpublished results). The mechanisms underlying
chemoprotection by fruits and berries have been extensively dis-
cussed (Surh, 2003). In the hamster pouch inhibition of carcino-
genesis by 7,12-dimethylbenz[a]anthracene by these berries was
evidently mediated by induction of Nrf2-mediated cytoprotection,
antioxidant, detoxification and DNA repair enzymes (Kavitha et al.,
2013).

Silymarin is a low toxicity flavonoid complex derived from milk
thistle seeds, and contains the flavonolignans silibinin, isosilibinin,
silidianin, and silicristin. It has been used in traditional medicine,
and because of a potential anticarcinogenic antiproliferative and
antidiabetic activity, it has been the subject of a number of exper-
imental as well as clinical investigations (Hahn et al., 1968; Flaig
et al., 2007; Davis-Searles et al., 2005). The antiproiferative effect
of silibinin in vivo has been ascribed to G1 cell cycle arrest associ-
ated with a marked decrease in the kinase activity of cyclin-
dependent kinases (CDKs) and associated cyclins (Zi and Agarwal,
1999).

Humans do not have a functional analogue to the rodent for-
estomach, but this rodent tissue could provide useful indications of
modulation of hyperplasia in the human oral cavity and esophagus



Table 3
The effects of blueberries or milk thistle extract on the levels of BrdU positive cells and proliferative index (%) in three regions of the rat forestomach epithelium after
administration of snus or BHA for 6 weeks.

Treatments Forestomach region

Forestomach-esophageal junction Middle region Forestomach-glandular junction

Number of BrdU positive
cells/mm2

Index of proliferation
e IP (%)

Number of BrdU positive
cells/mm2

Index of proliferation
e IP (%)

Number of BrdU positive
cells/mm2

Index of proliferation
e IP (%)

Control 19,53 ± 1,8 24,2 ± 2,7 18,76 ± 1,6 25,6 ± 2,4 15,67 ± 0.9 23,2 ± 3,1
Blueberry 21,83 ± 2,5 24,57 ± 1,9 15,04 ± 1,6 17,3 ± 1,5** 15,94 ± 0,9 19,52 ± 1,4
Milk Thistle Extract 20,42 ± 0,1 19,66 ± 0,9 20,91 ± 1,5 23,11 ± 1,9 17,69 ± 1,5 20,12 ± 1,8
BHA 6 weeks 68,4 ± 1,6*** 70,1 ± 0.9*** 71,22 ± 2,1*** 74,62 ± 1,3*** 70,02 ± 2,4*** 72,31 ± 2,7***
Snus 6 weeks 39,75 ± 2,6*** 38,97 ± 1,9*** 43,59 ± 1,7*** 39,62 ± 1,3*** 39,44 ± 2,9*** 35,03 ± 2,4***
Snus þ Blueberry 24,61 ± 2,6**,a 32,5 ± 2,8 29,12 ± 2,1***,b 34, 19 ± 1,9*,c 21,51 ± 1,8***,b 24,45 ± 1,7**,a

Snus þ Milk Thistle
Extract

14,92 ± 2,6***,b 19,34 ± 2,3***,b 16,44 ± 1,2***,b 21,5 ± 1,3***,b 11,79 ± 1,3***,b 15,17 ± 1,2***,b

The results are expressed as average ± SE.
*p < 0.05; **p < 0.01; ***p < 0.001/control vs. snus, control vs. blueberry or milk thistle extract.
ap<0.01; bp < 0.001; cp < 0.05/snus vs. snus þ blueberry or snus vs. snus þ milk thistle extract.
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caused by chemicals. However, certain histological differences
should be pointed out. Thus, the mucosa of the rat forestomach is
lined with a stratified squamous keratinized epithelium (Proctor
et al., 2007), whereas the aforementioned human tissues are usu-
ally non-keratinized, or minimally keratinized.

When evaluating chemical exposure by the oral route, the tissue
dose in humans is obviously not equivalent to that in the forest-
omach of the rat. While there is an extended period of exposure in
this rodent organ to an agent in food or delivered by gavage, oral
contact and passage through the mouth and esophagus are rapid in
humans. On the other hand, for users of oral tobacco the exposure
of the oral cavity and esophagus would be comparable to the sit-
uation in the rodent forestomach given tobacco by gavage.

In some older studies the cheek pouch of hamsters were
exposed to tobacco of varying degree of purity with scant evidence
of induced histopathological lesions (Grasso and Mann, 1998). In
one of the best documented, acanthosis of the pouch epithelium
was the only significant finding after 26 weeks of exposure
(Summerlin et al., 1992). Because of a lower sensitivity, the hamster
was found to be less suitable for our purposes.

After administration for 2 years, 2% BHA in the diet has been
shown to be carcinogenic to the rat forestomach (Ito et al., 1993).
The fact that lesions induced by Swedish snus have been shown to
be reversible after cessation of exposure (Larsson et al., 1991),
represents an important feature when trying to replicate the effects
in an animalmodel. After 24weeks of treatment with 2% BHA in the
diet, exophytic epithelial proliferation (simple hyperplasia or pap-
illoma) in the rat forestomach was found to be reversible, whereas
basal cell hyperplasia proved more persistent. However, a second
study demonstrated, that after withdrawal of BHA also basal cell
hyperplasia regressed (Masui et al., 1987; Tatematsu et al., 1991).
These findings suggest that the rat forestomach lesions induced by
snus may prove to be reversible.

In the investigation conducted with BHA in Zurich (Cantoreggi
et al., 1993), a treatment period of 4 weeks was chosen with good
results. However, this study involved continuous exposure to BHA
with food by gavage which results in a more exact dosing. This
treatment was performed 3 times per week, and resulted in a 40%
lower exposure in comparison with the Swiss study, and the
duration of treatment was therefore extended to 6 weeks. In
addition, the unknown treatment time required for exposure to
tobacco had to be determined in the pilot study.

The pathological changes recorded in this study for BHA were
clearly less severe than those described by Cantoreggi et al. (1993),
where differences in strain sensitivity could have played a role.
Likewise, the epithelial changes induced by snus were mild, and
less pronounced than those described by the group of Hirsch et al.
(1984), where the time of exposure was considerably longer (8e22
months).

As demonstrated in this study, incorporation of BrdU in repli-
cating DNA represents a sensitive method for monitoring cell
proliferation. IP injection of BrdU has sometimes been employed,
but there are few reports on oral application, and in one study
where BrdU was administered in drinking water, inconsistent re-
sults were obtained with respect to labeling of proliferating cells in
rat bone marrow (Jecker et al., 1997).

The proliferation marker Ki-67 represents an alternative to
BrdU. Quantitative assessment of BrdU and Ki-67-positive cells
gave higher numbers of the latter. In view of the fact, that BrdU is
incorporated into DNA only during the S-phase, whereas Ki-67 is
expressed during all active phases of the cell cycle, this is to be
expected. However, experimentally increased cell proliferation, or
reduction (by irradiation), resulted in parallel changes in BrdU and
Ki-67 signals. It has been convincingly demonstrated that BrdU
incorporation is equally useful (Oliver et al., 2000; Kee et al., 2002).
To deliver BrdU. Cantoreggi et al. (1993) employed an osmotic
minipump implanted s.c. in the upper back of rats. In this study we
employed subcutaneously inserted BrdU pellets which provide a
slow and uniform delivery, a method that has proved to give reli-
able results in mice (Allen et al., 1978; King et al., 1982) and rats
(Van Kesteren-van Leeuwen and Natarajan, 1980). The turnover of
cells in the forestomach epithelia is rapid, and exposure to BrdU for
two days before sacrifice provides an adequate picture of the dy-
namics for label incorporation.

The impact of BrdU per se on cellular proliferation and geno-
toxicity has been studied in mouse femoral bone marrow after
subcutaneous implantation of BrdU pellets containing 20e53 mg
BrdU. There was a small, but statistically significant dose-
dependent increase of sister chromatid exchanges, whereas the
frequency of chromosome aberrations and mitotic index were un-
affected (Wilmer and Soares, 1980). We conclude that the BrdU
treatment would not be expected to significantly affect our results.
In our study expressing cell proliferation as number of dividing cells
per unit area and as the proliferation index give comparable results.

5. Conclusions

In spite of a relatively short time of exposure, the marked in-
hibition by blueberries and milk thistle extract on cellular prolif-
eration induced by Swedish snus in the rat forestomach epithelium
indicates a possible approach for achieving protection against the
soft tissue changes in the human oral cavity caused by smokeless
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tobacco.
Given the reversibility of snus-induced oral lesions in humans,

the effects of cessation of exposure with respect to the tobacco
induced effects in the epithelia of this rodent model deserves
investigation.
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