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Nicotine Activity on Healthy Oral Cells and Pharyngeal Tumor Cells
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A number of studies highlight the harmful effects of smoking and the extremely serious consequences of
the majority of compounds found in cigarettes and cigarette smoke. Of these, nicotine has attracted attention
due to the suspicion of a carcinogen compound. The present study investigated the effect of nicotine on
primary gingival keratinocytes but also on pharyngeal tumor cells, by evaluating viability and apoptotic
processes.
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Smoking, implicitly tobacco, is associated with the
occurrence and development of different types of cancer.
It is a carcinogen known for multiple parts of the human
body, such as: respiratory, digestive, excretory systems -
airway and respiratory tract, gastrointestinal tract and
related organs (mouth, pharynx, larynx, lung, esophagus,
stomach, pancreas, liver, colon, etc.). However, organs that
are directly exposed to cigarette smoke have been shown
to be more prone to carcinogenesis. The two main classes
of compounds found in cigarette smoke are: (i) the
particles, represented by tar (benzopyrene and nitrosamine
supplier) and nicotine, and (ii) gases, mainly carbon
monoxide [1]. In recent years, human nicotine toxicity has
been increasingly pronounced due to the appearance on
the market of a wide range of nicotine products. These
include both the products intended for the replacement of
the classic cigarettes - the forms of tobacco that do not
smoke, the electronic cigarettes, etc., as well as the
products that are intended for people who want to quit
smoking - chewing gums, patches, etc. In the literature it
is specified that the lethal dose for adults is up to 60 mg, a
value that is worrying considering that it is the equivalent
of five cigarettes or 10 mL of nicotine diluted solution [2].
Nicotine uptake can occur in the buccal cavity, nasal cavity,
pharynx (nasopharynx, oropharynx and hypopharynx),
larynx skin, lungs, bladder, and gastrointestinal tract,
absorption depending on pH. In the ionized state in acidic
environments, nicotine slowly crosses biological
membranes. The absorption of nicotine in the lungs is rapidly
(it occurs at a rate similar to that after intravenous
administration) due to the large surface area of the
pulmonary alveoli and the pH of about 7.4 while at the
stomach level, the absorption of nicotine is reduced due to
the acidic pH of the gastric juice, but it is well absorbed in
the intestine due to the alkaline pH and the large absorption
surface [3, 4]. Nicotine exerts its cellular functions through
nicotinic acetylcholine receptors which are homomeric or
heteromeric pentamer proteins located in the central
nervous system and neuromuscular junctions and binding
of nicotine to these receptors results in the release of
dopamine with consequences that lead to addiction [5].
Due to smoking, besides the lungs, the upper aero-digestive
tract is affected, with very serious long-term consequences
that result in the occurrence of oral and pharyngeal cancers,
mainly squamous cell carcinomas [6]. These have become
a major health problem in recent years, both from the point
of view of the patient’s suffering and from the socio-
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economic point of view. Oral tumor disease is more
common among men who usually come from poor social
backgrounds, especially Asia and Europe, Southeast Asia
is famous for the deaths that result from this disease and
accounts for half of the number of deaths worldwide [7,
8]. Regardless of the form of presentation, the use of
tobacco is the main factor that leads to the occurrence
and development of oral cancer, being associated with a
percentage of 90% among males and 60% among females
[9].

Known as squamous cell carcinomas, the forms of oral
cancer differ depending on location. There are two types
of loss of suppressor gene function, loss of function due to
methylation of the promoter region of genes leading to
cancer occurrence in the oral cavity and allelic loss leading
to pharyngeal or laryngeal cancer [10].

The study of the mechanisms of pharyngeal and
laryngeal cancer development is very important and
topical. The first step in elucidating the different
mechanisms is the use of cell cultures. Healthy and tumor
cell lines help to track behavior in the presence of different
factors and offer the advantage of selective use. In the
present study, were selected two cell lines, human gingival
keratinocytes and pharyngeal carcinoma, and was
assessed the behaviour of cells in the presence of nicotine
with the help of cytotoxicity and cell proliferation assays.

Experimental part
Materials and methods
Reagents and cells

 The following human cell lines were utilized in the
current research: Primary Gingival Keratinocytes (ATCC®
PCS-200-014™) and Detroit 562 (ATCC® CCL-138™) - cell
line derived from metastatic site, pleural effusion. The cells
were purchased from the ATCC (American Type Culture
Collection). The healthy cells were cultured in Dermal Cell
Basal Medium as recommended by the manufacturer and
as described in the literature [11]  while tumor cells were
cultured in Eagle’s Minimum Essential Medium
supplemented with fetal bovine serum 10%. During the
cultivation period the cells are incubated at 37°C and the
atmosphere with 5% carbon dioxide. All the suitable
reagents for cell culture were purchased from Sigma Aldrich
and ATCC. Cell proliferation kit I (MTT) and nicotine were
purchased from Merck (Germany) and Annexin V-FITC kit
from eBioscience (Austria). The concentrations of nicotine
were between 0.25-15.
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Viability assays. Viable cells were evaluated at the
starting of cell plating and in the period of cell growth at
every passage before the experiment. Cells were culture
until they reached at least 80% confluence. Baseline
determinations of viable cells were realized at the beginning
of each test or at 0h and then at different time points: 24h,
48h and 72h. Cell counting was done with Trypan blue on a
Countess™ II Automated Cell Counter (Thermo Fisher
Scientific, USA) and the determinations were realized in
triplicate.

MTT technique was used, according to the protocol
presented in the literature [12, 13], to evaluate cell viability
after stimulation with different nicotine concentrations.

Apoptosis and necrosis. Annexin V/PI apoptosis assay
was utilized and briefly the protocol suppose: 4x105 cells/
well (Detroit 562) were seeded into 6-well plates, different
concentrations (0.25-15 µM) of nicotine were added, after
one day of treatment, cells were washed with PBS,
centrifugated, resuspended in media, a mixture Annexin V
Binding Buffer and FITC-conjugated Annexin V was added
to cell suspension, plates were incubated and finally
Propidium Iodide solution was added. The plates were
examined by flow cytometer.

Results and discussions
The relative change in the viability of the cells used in

the present study was evaluated starting with the initiation

of cell cultures (at least 80% confluence) and for three
consecutive days (fig. 1).

Data obtained showed a high cell viability, between 82-
97%, as follows: primary gingival keratinocytes at the
beginning presented a percentage of 89% while after 72h
the percentage increased to 97%; tumoral cells (Detroit
562) initially presented a viability of 81% after 2 days the
viability was 88% and after three days 92%.

Following the stimulation of cells with different nicotine
concentrations the viability of the cells was significantly
influenced, as can be seen in figures 2 and 3. At 24h post-
stimulation, at low concentrations of nicotine no significant
difference between the percentages of viability (with or
without nicotine) was recorded: keratinocytes viable cells
were decreased from 93 to 91%, while Detroit 562 cells
were decreased from 96 to 90%. In the case of higher
concentrations of nicotine utilized the viability percentage,
at 24h post-stimulation, were significantly modified: PGK
viability was 47% while Detroit 562 viability was 31%.

The effect of nicotine on Detroit 562 pharynx cancer
cells apoptotic status was pronounced.  At 15 µM it was
observed an important increase of death cells (72%), as
can be seen in figure 4.

Cancer of the oral cavity and respiratory system has a
strong connection with smoking and cigarette smoke. A
number of studies have been performed to evaluate the
effects of nicotine on different tumor cells. Lee and co-

Fig. 1. Baseline determinations of viable cells
before the experiments. The number of viable cells
was realized with Trypan blue on a specific device

Fig. 2. Primary keratinocytes viability in the
presence of different concentration of

nicotine determined by MTT assay.
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workers pointed out that nicotine stimulation of
immortalized keratinocytes and HN4 and HN12 tumor cells
strongly influences epithelial cell proliferation, delaying cell
cycle progression [14]. Some authors have exposed
immortalized keratinocytes and pulmonary cells to
cigarette smoke and vapour produced by electronic
cigarettes, analysing the viability, morphology and pro-
inflammatory activity. Their results show that vapours
produced by electronic cigarettes are less toxic than
cigarette smoke and in addition to the deleterious effect of
different flavours and nicotine, single humectants can lead
to the release of cytokines [15].

Conclusions
The results obtained in the present study contribute to

the understanding the nicotine activity on the oral cells but
also on the tumor pharynx cells. Nicotine exerts at certain
concentrations harmful effects on the cells, destroys the
healthy cells which has as a consequence due to the injury
of the cells and the appearance of the precancerous
lesions. In the case of a malignant disease nicotine can
intensify the cellular manifestations and the results are
negative for the recovery of the patient.
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