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ABSTRACT

Objective: To investigate the effect of nicotine on the morphology of an inflamed reconstituted
oral mucosa in vitro when treated for 24 hours.

Materials and Methods: This observational laboratory-based study focuses on the effects of nic-
otine on an in vitro reconstituted model oral mucosa. The reconstituted human epithelium model
used in the study was prepared and supplied by Skin Ethic Laboratories, Nice, France. The effect
of the different treatments of nicotine on tissue morphology was assessed using formalin-fixed
paraffin wax sections and haematoxylin and eosin staining.

Results: It was found that the effect of nicotine after 24 hours with working solutions (10uM and
10mM) used on inflamed oral mucosal did not significantly affect on gross morphology.

Conclusion: The concentration of nicotine used after 24 hours did not affect tissue morphology.
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INTRODUCTION

The consumption of Tobacco is directly respon-
sible for nearly 6 million deaths annually, and a
further 600 000 people die each year from exposure
to second-hand smoke.! Tobacco consumption
is increasing globally, especially in developing
countries, according to WHO statistical data.” The
prevalence of smoking in countries like Western
Europe, Australasia, and the United States and the
developing world is rising.® People use different
types of tobacco products which can be smoked,
chewed or sniffed.* Products that are smoked such as
Cigars, cigarettes, pipe tobacco and roll-your-own or
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consumed Smokeless as chewing tobacco and snuff.’
Cigarette smoking is a very popular habit and is asso-
ciated with the development of cancers in humans.®
The incidence of oral cancer is correlated with the
use of tobacco products.” Oral cancer is considered
as the 6th commonest cancer mostly affecting the
male population of the world with a poor progno-
sis.® Cigarette smoking and tobacco use also play an
important role in the development of other cancers
in humans, including cancer of the esophagus, and
the lungs.’ Nicotine (C10 H14 N2) is an alkaloid,
which only exists in tobacco plants called Nicotina
tabacum present in the tobacco leaves and makes
up about 5% of a tobacco plant by weight'® and is
highly addictive."" The side-effects associated with
the smoking of Tobacco depends on a dose-response
relationship to heavy smoking, and time duration.'?



Morphological effect of nicotine on reconstituted...

Tobacco also acts as the delivery system for the
nicotine inside the body, and its use is harmful and
dangerous from a health perspective.” It is now
known that cigarette smoking is a result of addiction
to nicotine, and the amount of nicotine taken up by
the people who use Tobacco varies in each individ-
ual.' Nicotine is associated with a variety of lesions
within the oral cavity.' It is suggested that nicotine
might be related to the pathogenesis of oral white
premalignant lesions.'® Conditions and oral lesions
associated with tobacco use include oral precancer-
ous lesions such as leukoplakia, erythroplakia and
smokeless tobacco keratosis and oral cancers such
as squamous cell carcinoma and verrucous carcino-
ma.'” Heavy consumption of Tobacco has also been
associated with other lesions within the oral cavity
such as tooth stains, abrasions, smoker’s melanosis,
acute necrotizing ulcerative gingivitis, burns and
keratotic patches, nicotinic stomatitis, peri-implan-
titis and other periodontal conditions including
increased plaque and calculus depositions, gingival
recession and alveolar bone loss.!® It is suggested that
nicotine might be correlated to the pathogenesis of
oral white lesions." Carcinogens in tobacco smoke
are associated with the developing of oral diseases
and cancer. Nicotine adds to cancer etiology if it is
nitrosated to form carcinogenic Tobacco specific
nitrosamines.” In vitro studies have shown that when
0.216 M of nicotine is applied topically to the oral
mucosa for two hours leads to alterations within the
epithelium like acantholysis and nuclear shrinkage.?!
A study conducted by Chen et-al it was evident that
when 6% nicotine alone or in a combination of other
tobacco-specific nitrosamines such as 0.01% NNN,
0.01% NNK was applied on hamster cheek pouch
and gastric mucosal epithelium, it revealed signs of
hyperplasia, hyperkeratosis and also moderate dys-
plasia.” They concluded that these changes might be
associated with the development of squamous cell
papillomas in animals. Du et al. showed that nicotine
is more rapidly and completely absorbed through the
mucosal membrane of non-keratinized regions like
the floor of the mouth that is the most permeable re-
gion, than through other parts of the mouth. Nicotine
has also been shown to increase the permeability of
oral mucosa to N-nitrosonornicotine.”® Therefore this
study aimed to investigate the effect of nicotine on
the morphology of an in vitro reconstituted model
Of inflamed oral mucosa.
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MATERIALS AND METHODS

This observational laboratory study was con-
ducted at Department of Oral Pathology, Barts,
and London Queen Mary School of Medicine and
Dentistry Queen Mary, University of London. The
reconstituted human epithelium model used in the
study was prepared and supplied by Skin Ethic Lab-
oratories, Nice, France. The study focused on the
effects of nicotine on an inflamed stratified epithelial
layer when applied for 5 minutes and over 24 hours,
respectively. The morphology of the stratified oral
mucosal model was examined using formalin-fixed
paraffin processed tissue. The reconstituted human
epithelium is a three-dimensional tissue culture
model derived from a buccal carcinoma and ob-
tained by culturing transformed oral keratinocytes
(TR146). The cells were seeded and cultivated in a
specific medium for 14 days. The resulting culture
came out to be a stratified epithelium with 5-7 cell
layers of the epithelium (Fig 1). Model cultures
were transferred into a new 24 well culture plates
(Costar, UK) containing 500ul maintenance medi-
um per well and incubated for 2 hours at 37°C in
5% CO2 in a humidified atmosphere. The cultures
were transferred to a new 24 well plate containing
fresh media for all experiments. Working solutions:
Concentrations of Nicotine and TNF-a: (10uM and
10mM) of nicotine were prepared from a 2.5M stock
solution (Sigma, UK). The working solutions were
diluted in phosphate-buffered saline immediately
before use. TNF-a solution at (1000u/ml) were also
prepared immediately before use. All solutions were
discarded after each experiment. The morphology
of the stratified oral mucosal model was examined
using formalin-fixed paraffin processed tissue. The
procedure was as follows:

At the end of the experiment, the inserts from
nicotine treated and TNF-a stimulated was removed
from the culture medium and rinsed in PBS. The
culture was fixed by submerging in excess neutral
buffered formalin for 24 hours at room temperature.
The epithelium, with supporting polycarbonate mem-
brane was dissected out of the inserts and the tissue
processed to paraffin wax using an automatic tissue
processor (Shandon Hyper centre II). Sum sections
were cut and stained with haematoxylin and eosin,
examined by light microscopy while the image was
recorded with digital photography.
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RESULT

To confirm the morphology results, the effect
of 24 hours Nicotine with different treatments on
tissue morphology was assessed using formalin-fixed
paraffin wax sections and haematoxylin and eosin
staining. All the samples of nicotine treated and
TNF-o stimulated tissue were stratified with the
presence of 10-15 epithelial layers and the absence
of a stratum corneum (Figure 2-3), respectively. The
results showed no evidence of damage or alteration
to the surface layers or the basal layer of the stratified
squamous epithelial models. In this experiment, tis-
sue morphology was assessed by conventional light
microscopy. Results from the application of nicotine
after 24 hours treatment on TNF-o stimulated tissue,
none of the treatments caused a significant effect on
the morphological structure of the epithelium.

DISCUSSION

This study aims to investigate the effect of nico-
tine on TNF-a stimulated reconstituted oral mucosa.
The epithelial model allowed us to consider the effect
of nicotine on an epithelial layer in the absence of
any influence from mesenchyme. Stratified cultures
were treated for 24 hours, respectively. Tissue mor-
phology was assessed using formalin-fixed paraffin
wax sections and haematoxylin and eosin staining.
The results from morphology studies suggested that
nicotine treatment of TNF-a stimulated reconstitut-
ed oral mucosa after 24 hours, respectively, had no
significant effect on the morphological structure of
the epithelium.

This was surprising as other studies have shown
that nicotine has been shown to alter viability and
morphology. In a previous in vivo study by Ander-
son and Warfving, revealed that nicotine exerted its
biological effect on the oral mucosa and resulted in
changes in the appearance of the epithelium.?* Al-
par et al., in their study, showed that 4mM nicotine
dose caused significant morphological alterations
of microtubules and vimentin filaments which then
lead to atypical and vacuoles formation within the
oral fibroblasts.?

Another similar type of study conducted on a
reconstituted oral mucosa by Kwon et al. revealed
that nicotine had no effect on the viability of the cells
although decreased, dose-dependently, mucosal epi-
thelial thickness at 10uM, and 100uM concentration,
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Figure 1. Haematoxylin and eosin-stained section of the
mucosal model (original magnification x63)

Figure 2. Haematoxylin and eosin-stained section of in-
flamed mucosa Treated with 10uM nicotine for 24 hours;
original magnification x63

Figure 3. Haematoxylin and eosin-stained section of in-
flamed mucosa Treated with 10mM nicotine for 24 hours;
original magnification x63
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but nicotine reduced cell viability in the epidermal
keratinocyte at a concentration 100uM.?¢ Previously
Alpar et al. had also linked higher doses of nicotine
(10.5-15.5mM) to be responsible for causing irre-
versible changes in morphological appearance of
the cells25. Squier and Johnson, also showed that
when 0.2M nicotine was applied topically to the oral
mucosa, after 2 hours, it induced acantholysis and
nuclear shrinkage within the epithelium.”” Further
work could be required to confirm our observations.
One simple variation would be to look at nicotine
over a different range of concentrations. Different
concentration may produce other effects on viability,
cytokine release and morphology. As no change in
morphology was seen in these experiments, it might
be better to look for electron microscopic changes.
For example, Squier and Johnson (1992) showed that
nicotine leads to alterations within the epithelium
like acantholysis and nuclear shrinkage.

CONCLUSION

Nicotine concentration ranging from 10uM to
10mM had no significant effect on the morphology
of the inflamed oral mucosa.
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