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In vitro aerosol exposure systems are useful tools for screening
potential toxic effects of freshly generated smoke of
conventional cigarettes (1). An in house platform “Smoke
Aerosol Exposure In Vitro System (SAEIVS)” (Figure 1) was used
to generate fresh whole smoke to simulate exposure of cells at
the air liquid interface (ALI) (2).
The aim of this study was to increase our knowledge of the
effects of smoke dilution on delivery of nicotine to an in vitro
system using different multi titer plate (MTP) formats.

Introduction
The method used to measure nicotine was validated for selectivity and sensitivity
LC-MS/MS (AB Sciex Qtrap 2000; Figure 5). Nicotine was quantified by two specific mass
transitions with an internal Standard (Nicotine-d4). For nicotine quantifier 163132
and qualifier 163130/106 were used with the ESI+ mode (Electrospray ionization,
positive mode, Figure 6) comparable to the method described by Jin et al. (3). Limit of
Quantification (LOQ: 50 ng/ml) was evaluated and accuracy deviation for standards and
calibration <10 % was accepted for this study. From the combined sample solution an
aliquot was used. After adding the internal standard the LC-MS/MS measurement was
performed.

LC-MS/MS – sample measurement

For the nicotine delivery on 96 MTP similar
results were observed. Examples are shown in
Table 3 and Figure 9. The percentage of nicotine
delivery (Table 4) over all applied dilutions was
comparable to the results for the 24 MTP
(Table 2).

Results – 96 MTP
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For the sample generation CORESTA monitor test
piece, CM7, was smoked under ISO 3308 smoking
conditions to deliver smoke to 24 or 96 well multi
titer plate (MTP) formats.
Five CM7 were smoked per smoking run to reduce
manufacturing variations within the cigarettes. The
smoke of the five cigarettes was mixed in the
“Mixing pump” and reduced to the smoke of one
cigarette (Figure 2).

SAEVIS – sample generation

The following conclusions can be drawn from the presented data:

• Good reproducibility between different operators, days and the two
chambers for the SAEIVS as well as the analytical measurement.

• No carry over effect within the SAEIVS.
• The LC-MS/MS method used in this study is a good tool to analyse nicotine

delivery from conventional cigarettes.
• Constant and reproducible nicotine delivery was measured:

o Independent of MTP designs
o Independent on smoke dilutions

• Good reproducibility results from sample
generation to measurements made

Overall conclusion:
SAEIVS is an reliable system to conduct
repeatable dosimetry experiments.

Conclusions
Figure 2 – Schematic smoke flow 
through the SAEIVS

Figure 3 – SAEIVS - Top view on the 
exposure chambers and pump units

Figure 1 – SAEIVS - Smoke 
Aerosol Exposure In Vitro 
System - full view
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Figure 4 – Schematic illustration of sample generation for 
analytical measurement.  

Different smoke dilutions of one cigarette (undiluted
to 1:10) were conducted in the “Dilution pump” and
delivered to the MTPs (Figure 3).
A puff gradient was used every time in 2 puff-step-
wise by closing the MTPs after every two puffs
automatically via a top cover (as shown in Figure 2).
The surface of wells in the MTPs contained (24 MTP:
300 µl; 96 MTP: 50 µl) PBS to simulate the wet
surface of the ALI exposure model. All experiments
were performed at least in triplicate.

Within one smoking run different
dilution applications in chamber 1
and 2 (Figure 2) were applied to
verify the independency between
the two chambers.
Figure 4 illustrates the sample
generation for the analytical
measurement. A combined sample
from all wells of the same puff
numbers were analysed by means of
LC-MS/MS.
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Figure 5 – AB Sciex Qtrap 2000 Figure 6 – Fragmentation  of nicotine 
LC-MS/MS ESI+ mode (3).

Quantifier
163132

Qualifier
163130
Qualifier

163106

Results – 24 MTP

Puff Counts 2 4 6 8
RSD [%] 11 17 14 15

The experiment was performed on four
different days to investigate the nicotine
delivery for one cigarette with no dilution.
The nicotine concentrations within the 2
puffs are shown in Figure 7. An increase of
the nicotine concentration was observed
from the first 2 puffs up to the last 2 puffs
and is shown in Figure 8. The overall relative
standard deviation within the whole
experiment (from sample generation up to
the measurement (Table 1)) was below
< 17 %. The nicotine delivery calculated in
percentage per 2 puff-step-wise was
observed constant for all smoked dilutions
used (no dilution up to 1:10)
(Table 2). For the 24 MTP only selected
results are shown.

Figure 8 – Nicotine increasing [ng/well] within the 
2 puff-steps (one cigarette, no dilution)

Figure 7 – Nicotine concentration [ng/well] within 
the 2 puff-steps for one cigarette no dilution.  

%  of total nicotine delivery calculated 
per 2 puff-step-wise 

Puff
counts

No 
Dilution 1:3 1:5 1:10

2 17 16 15 16
4 20 19 16 17
6 27 27 18 25
8 29 25 24 20

Figure 9 – Nicotine increasing [ng/well] 
within the 2 puff-steps (one cigarette, 1:5 
dilution)

%  of total nicotine delivery 
calculated per 2 puff-step-wise 

Puff
counts

No 
Dilution 1:3 1:5 1:10

2 12 14 12 12
4 17 21 20 18
6 24 28 28 27
8 24 24 24 25

Table 1 – Relative Standard Deviation (RSD [%]) 
between different days, operators and chambers 
(one cigarette, no dilution).

Table 2 – Percentage of nicotine delivery of one 
cigarette with different dilutions by 2-8 puffs. 

Figure 10 – Nicotine increasing [ng/well] 
within the 2 puff-steps (one cigarette, 1:5)

Table 4 – Percentage of nicotine delivery of one 
cigarette with different dilutions by 2-8 puffs. 

Puff Counts 2 4 6 8

RSD [%] 17 10 9 14

Table 3 – Relative Standard Deviation (RSD [%]) 
between different days, operators and chambers 
(one cigarette, 1:5 dilution).
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