
Viability

Figure 1: Viability, as measured by the MTS response, 24-
hours after exposure to e-liquids. Exposure did not influence
viability. Similar results were found on LDH response and
membrane integrity (TEER (trans epithelial electrical
resistance).

Figure 3a: concentrations ethyl maltol in cell culture medium,
for cells exposed to different e-liquids. Translocation was on
average 1-2%.

Figure 3a: concentrations nicotine in cell culture medium, for
cells exposed to different e-liquids. Translocation was on
average 2-3%.

Methods
Calu-3 bronchial epithelial cells, cultured at the Air-
Liquid-Interface, were exposed to vapor from e-
cigarettes.
Table 1: composition of e-liquids

Translocation

Exposed concentrations, measured in the air just above
the cells, was found to be approximately 1/3 to 1/2 of
the nominal concentration (based on e-liquid usage).

Table 2: concentrations of ethyl maltol and nicotine in the air
during exposure of the cells.

Ethyl maltol and nicotine concentration were
measured in basolateral cell culture medium, 24h after
exposure.
Concentrations in basolateral medium increased after
longer exposure, but not proportionally. The
concentrations of ethyl maltol were higher when cells
were also exposed to nicotine. This shows a possible
interaction between absorption of nicotine and ethyl
maltol.
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Background & Aim
E-cigarettes evaporate a liquid consisting of glycerol
and propylene glycol, which often contains nicotine
and flavourants. Many flavourants used in e-liquid
have been tested for their toxicological effects for oral
use, e.g. in food products. However, inhaling such
compounds could impose health risk because the
exposure route is different and pyrolysis products may
be formed in the e-cigarette. In vitro airway models
were used to identify toxicological effects of one of
the flavourants occurring in many e-liquid flavours:
ethyl maltol.

Exposure:
2 consecutive days, dynamic exposure (Vitrocell VC-1
connected to Vitrocell exposure modules)
One or two 30-min exposure periods per day
2 puffs/min, 55ml/puff, 3 sec per puff

E-liquid Nicotine Ethyl maltol

A - -

B 10mg/ml -

C - 10mg/ml

D 10mg/ml 10mg/ml

Cytokine response

Figure 2a: TGFbeta secretion was decreased 24h after
exposure to liquids B (60 mins), C (30 & 60 mins) and D (30
& 60 mins). Samples were collected from the apical side.

Figure 2b: MCP-1 secretion was decreased 24h after exposure
to liquids B (30 & 60 mins), C (60 mins) and D (30 & 60
mins). Samples were collected from the apical side.

IL8 secretion was inconsistent, decreased for liquid B
and increased for liquid C. Other cytokines (IFNgamma,
IL1beta, IL2, IL4, IL6, IL10, IL-12p70, IL17A, IP-10,
TNFalpha) were not affected by exposure

Conclusions

Exposure of bronchial cells to vapor from e-cigarettes
results in:
• No effect on viability
• Effect on secretion of cytokines/chemokines: IL8,

MCP-1, TGFbeta
• Translocation of nicotine and ethyl maltol to

basolateral medium

This shows that e-cigarette vapor may cause local
effects in the airways or effects on the immune
system. In addition, not only nicotine but also
flavorants may become systemically available.

Ethyl Maltol Nicotine

average SD average SD

85.5 ng/ml 21.2 117.2 ng/ml 23.1

Nicotine in medium

Ethyl maltol in medium

Implications

Identification of the most hazardous flavourants in e-
liquids would allow informed decision making by users
or regulation by governments.

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiq8Nb0-o_LAhXEKw8KHSyOAB0QjRwIBw&url=http://www.pressebox.de/presscorner/firma/vitrocell-systems-gmbh/meldung/boxid/191983/iframe/1121&bvm=bv.114733917,d.ZWU&psig=AFQjCNEwyHJ8nWhPDLxLgT46o6fMC5pQNw&ust=1456388151659076

