
n contrast to cigarette smoke, the
vapour of e-cigarettes is not the result
of a combustion process. However, the
risks of e-cigarette use are uncertain
which is due to the limited amount of

scientific data regarding their health effects related
to the variability of vaporisers, e-liquid ingredients
and their quality (Dawkins and Corcoran 2014;
Farsalinos and Polosa 2014; Grana et al. 2014).
There are also limited amounts of studies looking
on the in vitro toxicity profile of e-liquids and
e-cigarettes by using cultured cells of the lung
(Misra et al. 2014), mammalian fibroblasts
(Romagna et al. 2013) and myocardial cells
(Farsalinos et al. 2013).

Here, we present further data on the toxicity
of cigarette smoke and e-liquid vapour after
long-term exposure of cultured human lung cells.
Moreover, we demonstrate the effect of both
conditions on the activity of freshly isolated ciliated
human epithelial cells of the upper respiratory
tract.

Simulation of smoking or vaping
In order to simulate the conditions in reality, a

special smoking apparatus was constructed which
allows to vary the frequency, length and the
depths of the puffs. For smoking a cigarette, 20
puffs with a duration of 3 seconds and a pause of
15 seconds between two puffs was presumed. The
same conditions were applied for the e-cigarette
(EVOD, vaporiser 2,2 � and rechargeable battery
3,7 V; KangerTech) which was used with an
electrical power of 6.2 W. The smoke of the
cigarette and the vapour of the e-cigarette were
aspirated by a suction pump and passed into 20
ml of cell culture medium. The resulting primary
extracts had a neutral pH value of 7.4 ± 0.3. For a
more detailed description of the apparatus, see
Dartsch et al. (2015).

Cytotoxicity after long-term exposure
Background
Chronic toxicity is the development of adverse

effects as the result of a long term exposure to
toxic substances. Adverse effects associated with
chronic toxicity can be directly lethal but are more
commonly sublethal, including changes in growth
and vitality. In contrast, acute toxicity occurs after
a shorter period of time at higher concentrations.

In previous investigations, e-liquid vapour
extracts did not cause an acute toxic effect after
an exposure time of 24 hours. Thus, we addition-

ally examined the cytotoxic effect after a continu-
ous exposure period of 12 days. During that expo-
sure period cultured human lung cells had
divided at least 5-6 times which is adequately to
the division ratio of that cell type in vivo over
several years. This allows a prediction of the chronic
toxicity of cigarette smoke and e-liquid vapour.

Materials and methods
The investigations were conducted by using

one common cigarette brand of medium strength
with 10 mg tar, 0,8 mg nicotine und 10 mg carbon
monoxide, and two e-liquids of the brand Happy
Liquids: (1) “Apple“ with 6 mg/ml nicotine, and (2)
“Strawberry-Menthol“ with 6 mg/ml nicotine.

For examination of cytotoxicity after long-
term exposure, human lung cells (cell line A-549)
were seeded as low-density mass cultures (seed-
ing density: 1,000 cells/flask with 25 cm2 of growth
area). Cells were allowed to attach and spread for

48 hours and were then exposed to the primary
extract at 0 to 10 vol% for another 12 days. Cells
were incubated in DMEM/Ham’s F12 culture
medium supplemented with 10% fetal bovine
serum and containing 100 �g/mL penicillin and
100 IU/mL streptomycin in an incubator at 37°C
gassed with 5% CO2 and 95% air.

After this time period the culture medium was
discarded and the cells were fixed with methanol
for 2 minutes and stained with Coomassie-Giemsa
solution (Romanowsky staining). The stained
cultures were air-dried and photographed with a
Nikon D300 digital SLR and a macro lens at a
magnification of 1:2 (Fig. 1a). The photographs
were processed by a digital image analysis system
(Wimasis Image Analysis, ibidi GmbH, München).
The results expressed as percentage of cell-
covered area in the flasks were taken for evalua-
tion.
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Fig. 1: (a) Representative example of the human lung cell cell growth in the reagent control after 12 days of
continous incubation. The cell-covered growth area was examined by digital image analysis (Wimasis Image
Analysis). (b-d) Graphical presentation of the results of long-term exposure to cigarette smoke exctract (b), and two
e-liquid vapour extracts named “Apple” (c) and “Strawberry-Menthol (d) of the brand Happy Liquid. Note the strong
dose-dependent decrease in cell growth for cigarette smoke extracts and the complete loss of cell vitality at concen-
trations ≥ 2.5 vol%. In contrast, both e-liquid vapour extracts do not affect cell vitality at all concentrations tested up
to 10 vol%. Data represent mean value ± standard error of the mean of three experiments.



Results and conclusions
As can be seen in Fig. 1b, the two highest test

concentrations of cigarette smoke extracts
completely inhibited cell growth at concentrations
≥ 2.5 vol%. Moreover, at these concentrations no
viable lung cells could be detected in the flasks
demonstrating that exposure to cigarette smoke
extracts caused a complete death of the cells. Only
at a concentration of 1 vol% we observed a lung
cell growth which did not differ significantly from
the untreated controls.

Long-term exposure of cells to the vapour
extracts of both e-liquids resulted in completely
different outcomes (Figs. 1c and 1d). At all
concentrations tested the cell covered growth
area in the flasks was in the same range as the
untreated controls or even slightly higher.

Thus, the results clearly indicate that vaping
should be preferred for health reasons when
having the choice to smoke a tobacco cigarette or
to use an e-cigarette.

Effect on ciliary beat frequency
Background
Ciliary beat is one of the most important

defense mechanisms in the respiratory tract with
its frequency and coordination depending on
many factors. A chronic inhalation of cigarette
smoke is associated with a decrease or even
paralysation in ciliary beat activity (Dalhamn 1959;
Stanley et al. 1986; Dye and Adler 1994; Cohen et
al. 2009). Epithelial cells line the lumen in a unique
position to interact directly with inhaled cigarette
smoke. This study was undertaken to examine
freshly isolated human nasal epithelial cells for
alterations of ciliary beat frequency (CBF) after
exposure to cigarette smoke and e-liquid vapour
extracts.

Materials and methods
Cells were obtained from 3 male and healthy

volunteers at the age from 35 to 59 years on
different experimental days. Volunteers had been
free of respiratory infection for at least 2 weeks.
Ciliated human nasal epithelial cells were obtained
with a cytology brush from the inferior turbinate of
the volunteers by an otorhinolaryngologist and
dispersed in Airway Medium (Promocell, Heidel-
berg, Germany) containing 100 �g/mL penicillin
and 100 IU/mL streptomycin and were buffered
with 10 mM HEPES buffer to avoid pH changes
during transportation. Isolated epithelial cells were

transported to the laboratory immediately after re-
trieval within 60 minutes (Fig. 2). The investigations
were done by using one common cigarette brand
of medium strength with 10 mg tar, 0.8 mg
nicotine und 10 mg carbon monoxide, and two
e-liquids of the brand Happy Liquid: (1) “Apple“
with 6 mg/ml nicotine, and (2) “Strawberry-
Menthol“ with 6 mg/ml nicotine. For measurement
of ciliary beat frequency, increasing amounts of
cigarette smoke and e-liquid vapour extracts were
pipetted to 250 �l of suspended nasal epithelial
cells and incubated for 15 minutes in a tempera-
ture controlled chamber at 37°C (ibidi, München,
Germany) mounted on the stage of an Olympus
IX50 inverted microscope. The ciliary beat was
recorded by a Basler high-speed video camera
acA640-120um operated by pylon camera soft-
ware 4.2 from Basler (Rauscher, Olching, Germany)
at a speed of 100 frames per second with an
Olympus 40x planachromate objective. Beat
frequency was calculated afterwards by visual
examination of the beats from the single pictures
recorded by the high-speed camera.

Results and conclusions
Ciliary beat frequency of freshly isolated

human nasal epithelial cells was in the range of 10
beats per second for untreated cells. Treatment
with cigarette smoke extracts caused a dose-
dependent decrease in beat frequency which
became significant (p < 0.01) at a primary extract
concentration > 25 vol% according to the
two-tailed Wilcoxon-Mann-Whitney U test as a
nonparametric test for non-normal distributions
(Fig. 3a). Both e-liquid vapours did not cause a
statistically significant decrease at all tested
concentrations of the primary extract (see Fig. 3b,
3c).

The results show that vaping has much less
harmful effects on epithelial cells located in the
respiratory tract and their defense and clearing
function than cigarette smoke which accounts for
a number of frequently observed respiratory
infections and airway diseases.
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Fig. 2: Examples for the cell morphology of freshly isolated and free-floating human nasal epithelial cells with cilia which
can be observed in arrays (1), bundles (2) or in singular form (3). Phase contrast microscopy of vital cells with
beating cilia.

Fig. 3: Graphical presentation of the ciliary beat
frequency (CBF) with different extract dilutions of
cigarette smoke and both e-liquids after 15 min of
application. Note the dose-dependent decrease in CBF
for cigarette smoke extract, but nor for both e-liquid
vapour extracts. Data represent mean values ±
standard deviations of 3 donors.


