
Results

Figure 2: Comparative cytotoxicity analysis of the manufactured cigarettes.

Discussion and Conclusions
• This study has confirmed that the methodology employed can distinguish 

between altered vapour phase products, through the analysis of cytotoxic profiles 

and obtained dilution IC50s.

• The data has also confirmed the relationship between biological activity and the 

available vapour phase toxicants. For example, the cytotoxicity of the assessed 

product appears directly proportional to the available vapour phase smoke 

toxicants (R2=0.99).

• The data suggests that this may be an appropriate model for the assessment of 

alternative tobacco categories, specifically those aimed at the reduction of 

vapour phase toxicants.

Figure 3: Analysis of vapour phase 

contribution to biological activity. % 

chemical reduction for vapour and semi-

volatiles calculated against Control. % 

biological activity based on cytotoxic 

shift, normalised against Control. % 

biological activity shows a statistical 

correlation with reductions in vapour 

and semi –volatile toxicants (R2=0.99)

Introduction
The development of whole aerosol exposure systems has been driven by the fact 

that traditional smoke exposure techniques are based on the particulate phase of 

tobacco smoke and not the complete whole aerosol. To overcome these 

challenges, whole aerosol exposure systems have been developed which expose 

cell cultures to diluted tobacco smoke and capture the full interactions of both 

smoke phases 1. Furthermore, standard methodologies, governed by regulatory 

guidelines are not necessarily compatible with complex aerosols.

Aim
The aim of this study was to evaluate an in vitro BALB/c cytotoxicity technique 

employed alongside the Vitrocell® VC 10 aerosol exposure system for the 

assessment of mainstream cigarette smoke 2 and to assess its potential 

usefulness for the evaluation of alternative tobacco categories.

Materials and Methods
Cigarette Smoke Generation
A Vitrocell® VC 10 Smoking Robot was used to expose BALB/c cells to 

mainstream cigarette smoke (Fig 1). Cigarettes were conditioned according to ISO 

3402:1999 and smoked according to ISO 3308:2012, with an 8 second exhaust. 

Figure 1: A schematic representation of the VC 10 smoke exposure system. [A] Computer, 
software and air-flow controller. [B] Smoking Robot carousel where cigarettes are smoked.  
[C] Piston/syringe, which draws and delivers mainstream cigarette smoke to the dilution 
system. [D] Dilution and transit of whole smoke occurs in the dilution bar. [E] Smoke is 
sampled from the dilution system into the exposure module through negative pressure applied 
via a vacuum pump at 5.0 mL/min. 

BALB/c Cytotoxicity
The NRU BALB/c methodology was performed as described in Thorne et al., 2014 
2. BALB/c cells were exposed at the ALI for 3 hours at 8 different dilutions. For 

each condition a dilution IC50 was calculated based on L/min diluting airflow rate, 

defined as a smoke dilution at which 50% cytotoxicity is achieved. A concurrent air 

control was included in each exposure, which provided a daily base-line 

normalisation factor on which analysis was conducted.
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Cigarette manufacture
Cigarettes were made to the same technical specification (length, 

circumference, blend, ventilation, filter configuration, pressure drop), but 

modified for filter additive, using either activated coconut charcoal (CC) or 

activated synthetic carbon (SC). A control product was manufactured with a 

mono cellulose acetate (CA) filter (tables 1-2).

Study Design
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Abstract

The objective of this study was to evaluate a modified air-liquid interface BALB/c 3T3 cytotoxicity method for 

the assessment of smoke aerosols in vitro.

The functionality and applicability of this modified protocol was assessed by comparing the cytotoxicity 

profiles from eight different cigarettes. Three reference cigarettes, 1R5F, 3R4F and CORESTA Monitor 7 

were used to put the study into perspective and five bespoke experimental products were manufactured, 

ensuring a balanced study design. Manufactured cigarettes were matched for key  product characteristics 

such as nicotine delivery, puff number, pressure drop, ventilation, carbon monoxide and blend, but 

significantly modified for vapour phase delivery, via the addition of two different types and quantities of 

absorptive carbon. 

The results demonstrate cytotoxicity for all products tested, with clear and statistical differences between the 

balanced experimental products when compared to the control. In fact the assay was able to distinguish 

between all vapour phase altered and reference products, in a statistical manner. 

This study has further characterised the in vitro vapour phase biological response relationship and confirmed 

that the biological response is directly proportional to the amount of vapour phase toxicants available in 

cigarette smoke, when using a Vitrocell® VC 10 exposure system. This study further supports and 

strengthens the use of aerosol based exposure options for the appropriate analysis of cigarette smoke 

induced responses in vitro. This may be especially beneficial when comparing aerosols generated from 

alternative tobacco aerosol products, particularly those with reduced vapour phase toxicants, which are not 

assessed using standard in vitro techniques.

Acknowledgements

This study was designed and funded by British American Tobacco and all biological analysis were conducted 

at Covance Laboratories, Harrogate, UK.

Related Publications

• Thorne, D., Dalrymple, A., Dillon, D., Duke, M., Meredith, C. A comparative assessment of 

cigarette smoke aerosols using an in vitro air-liquid interface cytotoxicity test. Inhalation 

Toxicology, In Press.

• Thorne, D., Kilford, J., Hollings, M., Dalrymple, A., Ballantyne, M., Meredith, C., Dillon, D. The 

mutagenic assessment of mainstream cigarette smoke using the Ames assay: A multi-

strain approach. Mutation Research 2015, 782; 9-17

• Adamson, J., Thorne, D., Errington, G., Fields, W., Li, X., Payne, R., Krebs, T., Dalrymple, A., 

Fowler, K., Dillon, D., Xie, F., Meredith, C. An inter-machine comparison of tobacco smoke 

particle deposition in vitro from six independent smoke exposure systems. Toxicology In 

Vitro 2014, 28; 1320-1328

• Breheny, D., Cunningham, F., Kilford, J., Payne, R., Dillon, D., Meredith, C. Application of a 

modified gaseous exposure system to the in vitro toxicological assessment of tobacco 

smoke toxicants. Environmental and Molecular Mutagenesis 2014, 55; 662-672

• Thorne, D., Kilford, J., Payne, R., Haswell, L., Dalrymple, A., Meredith, C., Dillon, D. 

Development of a BALB/c 3T3 neutral red uptake cytotoxicity test using a mainstream 

cigarette smoke exposure system. BMC Research Notes 2014; 7:367

• Kilford, J., Thorne, D., Payne, R., Dalrymple, A., Clements, J., Meredith, C., Dillon, D. A method 

for assessment of the genotoxicity of mainstream cigarette-smoke by use of the bacterial 

reverse-mutation assay and an aerosol-based exposure system. Mutation Research 2014, 

769; 20-28

• Thorne, D., Kilford, J., Payne, R., Adamson, J., Scott, K., Dalrymple, A., Meredith, C., Dillon, D. 

Characterisation of a Vitrocell® VC 10 in vitro smoke exposure system using dose tools 

and biological analysis. Chemistry Central Journal 2013, 7:146

• Adamson, J., Thorne, D., Dalrymple, A., Dillon, D., Meredith, C. Cigarette smoke deposition in 

a Vitrocell® exposure module: real-time quantification in vitro using quartz crystal 

microbalances. Chemistry Central Journal 2013; 7:15

• Thorne, D., Adamson, J. A review of cigarette smoke exposure systems. Experimental and 

Toxicologic Pathology 2013; 65: 1183-1193

The comparative assessment of cigarette smoke using an in 

vitro  BALB/c cytotoxicity test and altered vapour phase 
delivery products

David Thorne, Annette Dalrymple, Deborah Dillon, Martin Duke and Clive Meredith

Group R&D, British American Tobacco, Southampton, United Kingdom

Correspondence: David_Thorne@bat.com

20
15

_S
T

P
O

S
T

28
_T

ho
rn

e.
pd

f
S

S
P

T
20

15
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed
 b

y 
C

O
R

E
S

T
A


