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In January 2002 the CORESTA Scientific Commission requested the formation of a Task Force 
concerning the In Vitro Toxicity Testing of Tobacco Smoke.  The mandate of the Task Force was 
twofold: 
1) To prepare a report covering the rationale and strategy for conducting in vitro toxicity testing of 

tobacco smoke. 
2) To identify key procedures based upon internationally recognized guidelines, adapted to 

accommodate the nature and unique properties of tobacco smoke. 

This task force report achieves these objectives, and the task force recommendations have been designed 
to enable meaningful data to be produced using in vitro assays.  However, interpretation of the biological 
significance of the in vitro data can only be done by considering all available chemical and biological 
data, and placing the data in the context of the product.  Hence, the task force report does not provide 
interpretational guidance concerning the biological significance of in vitro results. 
 
REPORT SUMMARY 
 
In vitro toxicology tests are useful for evaluating the relative toxicity of smoke or smoke condensates 
from different cigarette configurations.  These tests are widely accepted by regulatory agencies around the 
world for evaluating consumer products and can be conducted rapidly and relatively inexpensively.  They 
are readily applicable to evaluating the effect of cigarette ingredients or cigarette design on smoke 
toxicity.  These tests may be conducted using the complete cigarette smoke aerosol, the gas phase only, or 
the particulate phase (i.e., smoke condensate) only.  The wide variety of potential toxic responses 
produced by tobacco smoke requires the use of an in vitro test battery rather than reliance on any 
individual assay method.  This in vitro test battery should assess both genotoxic and cytotoxic potential.  
Cytotoxicity assays measure general cellular viability and growth rates while genotoxicity assays look 
specifically at damage to the DNA molecule.  For studies that may be submitted to regulatory agencies 
and where in vitro toxicity testing is deemed appropriate, the CORESTA In Vitro Toxicology Taskforce 
recommends a test battery composed of the following assays: 
1. A bacterial mutagenicity assay.  The Task Force recommends the Ames Salmonella mutagenicity 

assay. 
2. A mammalian cell assay for cytogenetics/mutation.  The Task Force recommends the micronucleus 

assay, the chromosome aberration assay or the L5178Y mouse lymphoma assay. 
3. A cytotoxicity assay conducted with an appropriate mammalian cell line.  The Task Force 

recommends the neutral red cytotoxicity assay. 

The task force concludes that these assays, when properly conducted, provide a scientifically-sound 
foundation for assessing the in vitro toxicity of tobacco smoke. 
 
INTRODUCTION 
 
In vitro toxicology assays are short-term tests for evaluating potential damage to DNA or cells.  The past 
few decades have seen an explosion in the number and type of assays available for in vitro toxicity 
testing.  As the UKCOM “Guidance on a Strategy for Testing of Chemicals for Mutagenicity” points out, 
over 90 different assay systems are listed in the US EPA and IARC Genetic Activity Profile (GAP) 
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Database (1, 2).  The scientific community continues to improve established assays and develop new 
ones.  These assays may be used to determine the mutagenicity, clastogenicity or cytotoxicity of test 
materials.  They are well suited for assessing the relative toxicities of tobacco smoke and tobacco smoke 
condensates and provide important information, depending on the research project, for consideration in 
both product stewardship and product development when conducted by competent scientists using 
established protocols. 

In vitro toxicity tests have many advantages.  They are rapid (data can be obtained within days or weeks) 
and relatively inexpensive to conduct.  These tests provide a quantitative, mechanistically based measure 
of biological response.  They measure a wide range of endpoints, including cell killing, mutations or 
chromosome damage.  In vitro toxicity tests are applicable to a wide variety of test materials, and do not 
require the use of animals.  There is strong substantiation for the use of these non-human systems to 
assess potential effects in humans:  “chemicals causing genetic effects in one species or test 
system…frequently cause similar effects in other species or systems—thus setting the stage for an 
assessment of possible mutagenic effects in humans” (3).  Substantial databases have been developed 
using these assays (2, 4) and data generated from in vitro assays can be used to guide product 
development and to support product stewardship (5). 

In vitro assays are useful for evaluating the relative toxicity of tobacco smoke or tobacco smoke 
condensates from different cigarette configurations.  Test materials can include ingredients added to 
tobacco, tobacco extracts, tobacco smoke condensates, and whole or vapor phase smoke.  Smoke from 
new cigarette prototypes, cigarettes from U.S. or international markets, or reference cigarettes may easily 
be studied.  These assays may be used to explore interactions between components of cigarette smoke.  
They are readily applicable to evaluating the effect of individual ingredients and ingredient mixtures on 
smoke toxicity.  They can be used to evaluate the effect of specific changes (i.e., cigarette design, 
filtration, tobacco blend, combustion).  The 2001 Institute of Medicine report “Clearing the Smoke” 
concludes that in vitro toxicology studies have a significant role to play in the assessment of tobacco 
smoke, including the development of potentially reduced-exposure products (6). 
 
Use of an In vitro Test Battery 

In vitro toxicity tests can broadly be viewed as measuring two major endpoints: cytotoxicity and 
genotoxicity.  Cytotoxicity is regarded as a potential step in several chronic disease processes associated 
with smoking, including carcinogenesis and emphysema.  Cytotoxicity tests are also very helpful for 
determining the appropriate exposure concentration for in vitro genotoxicity assays.  Importantly, the use 
of in vitro cytotoxicity assays minimizes the use of animals for toxicity assessment.  The major endpoints 
evaluated in in vitro cytotoxicity assays include the effect of a test agent on cell viability and the effect of 
a test agent on cellular growth rates.  Decreases in viability and/or growth rates are widely interpreted as 
evidence of cytotoxicity.  Genotoxicity testing specifically evaluates the effects of the test material on 
DNA.  The purpose of genetic toxicology studies is to characterize and define the potential of test agents 
to adversely affect the structure or function of DNA molecules.  Genotoxicity has been mechanistically 
linked with carcinogenesis, both in experimental animals and in humans.  Also, DNA damage in germ 
cells may produce heritable defects in offspring and DNA damage has been associated with the 
development of arteriosclerosis. 

Regulatory agencies worldwide accept the results of in vitro tests for evaluating consumer products.  
Expert advisory groups continue to work with regulatory agencies to harmonize assay protocols and test 
battery recommendations (1, 3, 7, 8, 9).  The components of a test battery should be carefully selected.  A 
well-designed test battery will result in an “economical use of human, animal, and material resources” (9).  
This test battery should use only those assays that are the most informative and well validated (1).  A test 
battery has clear advantages in the assessment of tobacco products.  Cigarette mainstream smoke (MS) is 
a complex mixture; with the mainstream smoke aerosol containing more than 4000 identified chemical 
compounds (10).  MS can induce a wide variety of biological responses including both genetic and 
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cytotoxic responses. 

Much discussion and many meetings have resulted in a general international consensus on the appropriate 
assays (as well as assay methodology) to be included in a test battery for genotoxicity.  ICH guidelines 
call for a test for gene mutation in bacteria, an in vitro cytogenetics assay or the mouse lymphoma tk 
assay, and an in vivo test for chromosomal damage using rodent hematopoietic cells (9).  UKCOM 
recommend three in vitro tests for “Stage 1” screening for mutagenic activity:  the Ames assay, in vitro 
gene mutation in mammalian cells (mouse lymphoma), and the in vitro chromosome aberration or in vitro 
micronucleus assay (1).  The current US EPA scheme calls for the Ames assay, an in vitro gene 
mutation/mammalian cell assay, and an in vivo chromosome aberration or in vivo micronucleus assay, 
although that agency is discussing changing to a scheme similar to the UKCOM guidelines (without the 
same acceptance of the in vitro micronucleus assay at this time)  (3). 

The use of cytotoxicity assays, as part of the toxicological assessment of a chemical or chemical mixture 
is currently a very active area of consideration.  Several large research groups have investigated the role 
of cytotoxicity assays in toxicology and have made recommendations to industrial and government 
bodies.  In the United States, the Center for Alternatives to Animal Testing (CAAT) at Johns Hopkins 
University has recommended several cytotoxicity tests for the safety testing of consumer products, such 
as cosmetics, detergents, and other personal hygiene products (11).  A large multi-national effort entitled 
MEIC (multi-center evaluation of in vitro cytotoxicity) has examined a large number of cytotoxicity 
endpoints in a variety of cell types using a standardized list of 50 diverse chemicals with varying 
mechanisms of action.  The MEIC studies have indicated a very good correlation with in vitro 
cytotoxicity and acute lethal potency as well as irritant potential (12, 13, 14).  Another large research 
program, FRAME (fund for the replacement of animals for medical experimentation) has identified 
several cytotoxicity assays including the neutral red test for the toxicological assessment of chemicals and 
potential pharmaceuticals (15, 16, 17).  Cytotoxicity assays are now being considered to replace the 
Draize eye test and the OECD guideline no. 405 for acute eye irritation/corrosion has been modified for 
this accommodation.  With respect to cosmetics, Directive 76/768/EEC, article 4 has prohibited the 
marketing of products that have been tested on animals as of January 1998, therefore requiring in vitro 
tests including cytotoxicity assays.  Considerable effort has been made to validate the use of cytotoxicity 
assays for toxicity assessments and a summary of scientific criteria for the validation of in vitro toxicity 
testing has been compiled by CAAT, FRAME, and OECD (11, 18, 19, 20).  In 2000 the Interagency 
Coordinating Committee on the Validation of Alternative Methods (ICCVAM) and the National 
Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative Toxicological Methods 
(NICEATM) sponsored a workshop to review the status of in vitro methods for assessing acute systemic 
toxicity and to make recommendations for further efforts.  This workshop also produced A “Guidance 
Document on Using In Vitro Data to Estimate In Vivo Starting Doses for Acute Toxicity” containing a 
Standard Operating Procedure for the BALB/c 3T3 Neutral Red Uptake Cytotoxicity Test (21). 

For studies that may be submitted to regulatory agencies and where in vitro toxicity testing is deemed 
appropriate, the CORESTA In Vitro Toxicology Taskforce recommends a test battery composed of the 
following assays: 
1. A bacterial mutagenicity assay.  The Task Force recommends the Ames Salmonella mutagenicity 

assay. 
2. A mammalian cell assay for cytogenetics/mutation.  The Task Force recommends the micronucleus 

assay, the chromosome aberration assay or the L5178Y mouse lymphoma assay. 
3. A cytotoxicity assay conducted with an appropriate mammalian cell line.  The Task Force 

recommends the neutral red cytotoxicity assay. 
 
When toxicity testing is deemed appropriate, these assays provide a scientifically-sound foundation for 
assessing the in vitro toxicity of tobacco smoke. 
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Discussion of Specific Assays 
 
Ames Salmonella mutagenicity assay 

Bacterial mutagenicity assays have been used in research laboratories and by regulatory agencies for more 
than two decades (22).  These assays are highly sensitive for mutagens and may be carried out with 
relative technical ease, rapidity, and economy (23).  They are a powerful tool for research and 
development.  The Ames assay is generally the first step in a standard in vitro toxicity test battery.  It is 
the most widely used genetic toxicology test worldwide.  The Ames assay measures the ability of a test 
item to produce a mutation in specific strains of Salmonella bacteria that have been modified to be 
extremely sensitive to mutagens.  The Ames assay measures “point mutations”; each tester strain has 
specific sensitivities to different types of point mutations.  The Ames assay is a reverse mutation assay.  
In the presence of a mutagen, the bacteria revert to their normal ability to synthesize histidine (i.e., wild 
type) and therefore grow on an agar plate which contains only minimal nutrients (24).  An increase in 
revertants is a measure of the mutagenicity of a test substance.  Response in the Ames assay is measured 
by scoring bacterial colonies on agar plates that cover a range of dose concentrations.  Because bacteria 
lack many of the metabolic capabilities of mammals, an exogenous metabolic activation system was 
developed to enable conversion of promutagens to mutagens in the Ames assay.  This metabolic 
activation system consists of a tissue homogenate and cofactor mix; the tissue homogenate used most 
often is a 9000 x g supernatant (S9) of rat liver (24, 25).  The Ames test is usually conducted under two 
conditions...with and without the addition of S9 metabolic activation. 

The first reports of Ames assays of cigarette smoke were published in 1974 (26) and 1975 (27).  Cigarette 
smoke condensate, the particulate matter of mainstream smoke, is mutagenic in several of the Ames tester 
strains in the presence of S9 metabolic activation, and particularly so in TA98, a strain that measures 
frame shift mutations (28).  The mutagenicity of CSC is influenced by many factors: tobacco type (for 
example, burley vs. flue-cured), stalk position, age, sugar and nitrogen content of tobacco leaves (29).  
Mutagenicity may also be affected by the “draw resistance’, filters, and other physical characteristics 
(30). 

The Ames assay can also be used as a convenient and non-invasive way of evaluating recent human 
exposure to mutagens, including tobacco smoke.  The vast majority of studies to evaluate human 
exposure to mutagens have been conducted on urine specimens (31).  Urinary mutagenicity studies have 
been used to assess environmental, dietary and occupational exposures; for example, methods of food 
preparation can significantly affect urinary mutagenicity (32).  Urinary mutagenicity studies have also 
been used to compare cigarettes which burn or primarily heat tobacco (33, 34). 
 
Chromosome aberration assay 

The Chromosome aberration assay measures structural changes and rearrangements in chromosomes 
resulting from damage to DNA.  Since bacteria do not have chromosomes these assays are conducted in 
cultured mammalian cells.  Mammalian cells represent a higher degree of organization than bacteria with 
markedly different DNA repair, xenobiotic metabolism, and other functions (23), and the inclusion of a 
mammalian cell assay lends another dimension to the in vitro toxicity test battery.  The assay is scored by 
visually examining chromosomes in cells under a microscope and scoring the number of chromosome 
aberrations in each cell.  Since many aberrations are lethal, cytogenetic evaluations need to be conducted 
during the first post-treatment mitosis.  Cigarette smoke condensate has the potential to induce 
chromosome aberrations in cultured mammalian cells, both in the presence and absence of metabolic 
activation (35, 36, 37, 38).  Lafi and Parry (39) reported in 1991 that TPM (total particulate matter) 
generated from cigarettes with different ventilation characteristics yielded chromosome aberrations which 
varied according to the ventilation of the cigarette. 
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In vitro micronucleus assay 

The chromosome aberration assay is difficult to score, requiring extensive training and expertise (23) and 
is “usually the most expensive and time-consuming part of the standard battery of genotoxicity testing.” 
(40).  This difficulty has led to the development of the in vitro micronucleus assay as an alternative to the 
chromosome aberration assay.  The micronucleus assay measures the ability of test substances to cause 
micronuclei.  Micronuclei are small membrane-bound bodies that contain chromosome fragments or 
whole chromosomes unable to migrate with the rest of the chromosomes during cell division anaphase.  
The micronucleus assay has gained increasing attention and favor over the past few years.  It can be 
performed using small quantities of test article, and is more easily scored than the chromosome aberration 
assay, thus shortening the time needed to obtain useful information (41).  The assay has the potential to 
detect both clastogenic and aneugenic chemicals, i.e., agents that affect the structure or number of 
chromosomes in an organism.  The assay is sensitive to tobacco smoke.  However, there is not as much 
accumulated data as there is with the chromosome aberration assay.  It is not fully established by 
regulatory agencies (draft guidelines are currently in process through the OECD), although the scientific 
literature now contains several validation studies or reports from working groups (42, 43). 

Cigarette smoke and cigarette smoke condensate induce micronuclei in vitro.  A significant increase in 
micronuclei was observed in V79 cells exposed to both vapor phase and “whole smoke” (44).  
Micronuclei have also been induced in V79 cells exposed to cigarette smoke condensate (45, 46, 47, 48).  
Significant increases in micronuclei were also observed in BALB/c-3T3 cells exposed to cigarette smoke 
condensate (49). 
 
Mouse Lymphoma Assay 

The mouse lymphoma assay (MLA) is a mammalian cell assay designed to detect a wide range of gene 
mutations (50).  It is the most widely used mammalian cell gene mutation assay (51).  Depending on the 
protocol(s) used it can detect gene mutation, chromosomal damage, and recombination, including a wider 
range of genetic damage than detected in chromosome aberration analysis (52), although the efficacy of 
its ability to detect aneugens is not clear (50).  ICH guidelines call for either an in vitro chromosome 
aberration assay or the MLA (9).  The MLA is the preferred mammalian cell mutation assay required by 
UKCOM guidelines (1). 

A literature search reveals that ethanol fractions of both mainstream and sidestream cigarette smoke were 
found to be positive in the MLA (53, 87). 
 
In vivo assay for chromosomal damage 

ICH guidelines recommend an in vivo test for chromosomal damage using rodent hematopoietic cells.  
However, in vivo bone-marrow studies of rodents exposed to cigarette smoke have produced mostly 
negative results, suggesting a lack of assay sensitivity to tobacco smoke.  Mice are the only rodent species 
reported to have cytogenetic alterations in their bone marrow cells, and then only after exposure of high 
doses of high-tar cigarettes (54).  A 90-day subchronic inhalation study in rats exposed to mainstream 
cigarette smoke did not show cytogenetic effects in bone marrow as measured by SCE, micronucleus, and 
chromosome aberration assays (55), despite the fact that the rats had been exposed to high doses of 
mainstream smoke as indicated by high carboxyhaemoglobin, high plasma nicotine levels, and 
histopathological changes in the respiratory tract (54).  A 14-day inhalation study in mice showed no 
significant increases in SCE or chromosome aberrations (54,56).  A marginal response in micronuclei was 
observed at the highest dose only; statistical analyses indicated that this increase may be interpreted as 
either significant or not, depending on the statistical test applied (54; 56). 
 
Sister Chromatid Exchange (SCE) Assay 

The Sister Chromatid Exchange assay evaluates the potential of a test substance to increase the exchange 
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of genetic material between sister chromatids in a chromosome.  Sister chromatids exchange genetic 
material even under normal circumstances.  An increase in exchanges is thought to be an indicator of 
damage to the DNA.  Tucker and Preston’s review paper (57) addresses the utility of SCE assays in in 
vitro toxicity assessments.  SCEs have been commonly employed to evaluate cytogenetic responses to 
chemical exposure, and excellent dose-response relationships for hundreds of chemicals have been 
established in a wide variety of in vitro and in vivo short-term experiments (58).  However, the 
mechanisms of SCE formation have not been established, and the biological significance of SCEs is not 
understood.  There is no known direct causal association between SCE induction and an adverse cellular 
or health outcome.  Therefore, SCE analysis is currently viewed as having value primarily as a biological 
dosimeter of exposure in vitro or a biomarker of exposure in smokers.  (57). 

Cigarette smoke condensate is clearly positive in the SCE assay with and without metabolic activation 
(36, 37, 38, 55, 59).  The SCE assay is also sensitive not only to the particulate phase of cigarette smoke 
but also to vapor phase components as well (59, 60).  Specific fractions of cigarette smoke produce 
positive responses in the SCE assay (61, 62, 63). 

While the SCE assay is useful as a ‘dosimeter’ for cigarette smoke and/or cigarette smoke components 
and may play a significant role in product stewardship and/or development, it is not requested by 
regulatory agencies and is therefore not one of the priority assays recommended by the Coresta In Vitro 
Toxicology Task Force. 
 
Neutral Red Cytotoxicity Assay 

A number of studies have been conducted to optimize assays conditions for assessing the cytotoxicity of 
cigarette smoke and cigarette smoke components.  The neutral red uptake assay has been chosen from a 
number of cytotoxicity assays as being the most sensitive assay for assessing the cytotoxic potential of 
cigarette smoke condensates (64, 65).  The neutral red assay has been optimized and used for cytotoxicity 
assessments comparing cigarette smoke condensates from cigarettes differing in “tar” amounts or 
different tobacco types (66, 67, 88).  The cytotoxicity of specific chemicals reported in cigarette smoke 
has been determined in the neutral red assay (68).  Recently, the neutral red test has been used to evaluate 
the potential contribution of phenolic and dihydroxybenzenes to the cytotoxicity of cigarette smoke 
condensate (69).  Additionally, the NRU assay has been used to assess the cytotoxicity of particulate and 
gas phase of cigarettes with and without ingredients commonly used in cigarette manufacturing (70). 

The neutral red assay also has been used as a biological endpoint in an in vitro exposure system that 
permits exposure of cell cultures to whole cigarette smoke (71, 72).  The cytotoxicity of mainstream and 
sidestream smoke from various reference cigarettes were compared using this in vitro exposure system 
(66).  This exposure system was used to investigate the cytotoxicity of environmental tobacco smoke 
(72).  A cigarette with a novel carbon filter exhibiting a significant reduction in vapor phase irritants (e.g., 
formaldehyde, acetaldehyde, acrolein, isoprene, etc.) demonstrated a significant reduction in cytotoxicity 
of the whole smoke when compared to the smoke from a similar cigarette without the carbon filter (59).  
The neutral red cytotoxicity assay has also been used to compare cigarette smoke condensate and whole 
smoke from reference cigarettes with that from cigarettes that primarily heat tobacco (38, 60, 73, 74), or 
that are electrically heated (89,90). 
 
Summary 
In summary, short-term tests are easily adapted to evaluating the potential of cigarette smoke and/or its 
components to adversely affect the structure or function of biologically important molecules.  
Additionally, these tests have been demonstrated to be useful for assessing changes in the toxicity of 
cigarette smoke due to product modifications.  For studies that may be submitted to regulatory agencies 
and where in vitro toxicity testing is deemed appropriate, the CORESTA In Vitro Toxicology Taskforce 
recommends a test battery composed of the following assays: 
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1. A bacterial mutagenicity assay.  The Task Force recommends the Ames Salmonella mutagenicity 

assay. 
2. A mammalian cell assay for cytogenetics/mutation.  The Task Force recommends the micronucleus 

assay, the chromosome aberration assay or the mouse lymphoma assay. 
3. A cytotoxicity assay conducted with an appropriate mammalian cell line.  The Task Force 

recommends the neutral red cytotoxicity assay. 

The task force concludes that these assays, when properly conducted, provide a scientifically-sound 
foundation for assessing the in vitro toxicity of tobacco smoke. 
 
STANDARD PROCEDURES  
 
INTRODUCTION 
 
The key procedures for conducting in vitro toxicity testing of tobacco smoke and the rationale for their use 
were identified in the first part of the report.  The purpose of this part of the document is to set out the 
specific ways by which the standardized testing methods need to be adapted to accommodate the nature 
and unique properties of tobacco smoke.  The specific assays discussed include: 
• Ames test 
• In vitro micronucleus assay  
• Neutral red cytotoxicity assay 

The modifications described for these assays should be applied to other in vitro assays (e.g. chromosome 
aberration assays, mouse lymphoma assays) as appropriate. 

When used to test compounds such as commodity chemicals and pharmaceuticals, the Ames and in vitro 
micronucleus assays are used to assess if the agents of interest are genotoxic or non-genotoxic.  Tobacco 
smoke condensates (CSC) have been demonstrated in the literature to be positive in both these systems 
(48), Therefore, the main objective when testing tobacco smoke is to determine if the product change of 
interest has modified the activity from that recorded in the absence of that specific design feature.  That is, 
to determine a positive effect (increased activity), a neutral effect (no change in activity), or lowered 
effect (reduced activity) of product modification upon a pre-existing background of genotoxic tobacco 
smoke. 

For the neutral red cytotoxicity assay, the data when testing any compound will record a position within a 
range of activities in the assay from highly toxic compounds to those that are relatively non-toxic (21).  
Consequently when used for tobacco smoke the assay is being used in a similar way as when used for any 
other compound. 
 
METHODOLOGIES 
 
1.  Smoke Preparation 

The conditioning and smoking of cigarettes should be carried out as set out in the ISO, FTC, or 
CORESTA recommendations unless alternative regimes are requested for specific reasons (75 & 76, 85, 
86).  Multiple cigarettes per experiment should be used to make the smoke preparation accommodate any 
individual product variation. 

Concurrent smoking or similar methodology should be used to provide concurrent data on nicotine and 
water contents of smoke condensates to be included in the selected bioassays. 

Several studies have indicated that pads may be stored at room temperature for as long as six hours prior 
to extraction without a significant decrease in Ames activity.  However, one study suggests that neutral 
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red activity may decrease when pads are stored at room temperature for one hour. 

Experiments concerning the use of freshly prepared smoke condensates versus stored condensate have 
been carried out for the Ames and micronucleus assays.  The work has demonstrated that the specific 
activity of the condensate does not significantly change in comparison to the fresh condensate if 
Cambridge filter pads with smoke condensate or dimethyl sulphoxide (DMSO) extracts of smoke 
condensate are stored below minus 70 °C for several years. 

The task force makes the following recommendations: 
• Pads should be kept at room temperature for the minimum time possible after smoking; ideally one 

hour or less.  Pads should be stored at minus 70 degrees C as soon as possible after smoking if they 
are not to be immediately extracted. 

•  If CSC extracts are not used immediately, they should be stored at minus 70 degrees C within an 
hour. 

• Pads and CSC extracts can be stored at minus 70 degrees C for up to 4 years. 
•  Pads and CSC extracts should not be refrozen once thawed from storage.  The task force 

recommends that CSC extracts be aliquoted into individual vials prior to freezing if multiple assays 
are to be conducted on the same CSC extract.  

 
2.  Definitions 

Replicate: an independently conducted experiment involving completely newly generated smoke 
condensate samples. 

Repeat: the re-analysis of the same sample of cigarette smoke condensate. 
 
3.  Ames Testing 

Ames tests should be carried out as set out in the OECD guideline, 471: Bacterial Reverse Mutation 
Assay (77). 

However, additional specific recommendations are made to assist with interpretation of the data, as 
tobacco smoke condensates are themselves positive in this assay.  The primary objective of testing is to 
determine a positive effect (increased activity), a neutral effect (no change in activity), or lowered effect 
(reduced activity) of product modification upon a pre-existing background of mutagenic tobacco smoke.  
 
Bacteria: - OECD Sections 11-14. 

Whilst smoke condensates show a maximum response with S. typhimurium TA98 in the presence of a 
cofactor supplemented post-mitochondrial fraction (S9), testing recommendations are to be able to detect 
the maximum spectrum of induced mutagenesis in the assay.  Consequently, the following strains in both 
the presence and absence of an S9 fraction are recommended when a complete characterization is desired: 

S. typhimurium  TA1535 
S. typhimurium  TA1537# or TA97 or TA97a 
S. typhimurium  TA98 
S. typhimurium  TA100 
E. coli WP2 uvrA, or E. coli WP2 uvrA (pKM101), or S. typhimurium TA 102# 

Where a choice of strains are indicated, those marked # have been the  most commonly used for tobacco 
work and are the ones recommended by the task force. 

The task force recommends that screening tests, if desired, are best conducted using strains TA98 and 
TA100 with S9 metabolic activation. 
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Solvent / vehicle: - OECD section 18 

For extraction from Cambridge filter pads, dimethyl sulphoxide (DMSO) has been determined to be the 
solvent of choice. 
 
Exposure concentrations: - OECD sections 19 – 21 

OECD section 19 – As recommended, maximum concentrations to be tested should result in either 
cytotoxic effects or a maximum concentration of 5mg plate-1, cytotoxicity being determined by either a 
reduction in revertant frequency or a thinning of the background bacterial lawn. 

OECD section 20 – Analyzable concentrations of test doses.  5 different analyzable concentrations (in 
addition to the solvent control) are recommended as reflected in the OECD protocol.  For bacterial strains 
yielding a positive response with smoke condensates (e.g. TA1537, TA98, TA100 plus S9) a minimum of 
3 doses (in addition to the solvent control) should lie on the linear portion of the dose response curve. 
 
Controls: - OECD sections 22 – 26 

In addition to the general recommendations of these sections, section 25 indicates that chemical class-
related positive control chemicals may be considered. 
• In accordance with section 25, it is recommended that smoke condensate from an appropriate 

reference cigarette be tested as a quality assurance control. 
 
Treatment with test substance: - OECD sections 27 – 30 

Section 29 recommends the use of triplicate platings to provide an estimate of the variation of data, this 
approach is confirmed.  However, the use of duplicate plating is also considered acceptable in the OECD 
documents when scientifically justifiable.  If less than 3 plates are used, justification should be provided. 
 
Treatment of results: - OECD sections 32 – 34 

Section 32 recommends that data are presented as the number of revertant colonies per plate.  For smoke 
condensates the dose basis should be initially as total particulate matter (TPM) with data presented to 
enable corrections to be made for e.g. nicotine and water content as appropriate, (see section covering 
smoke preparation). 

If CSC from the assay control cigarette is positive (mutagenic) in Ames tester strains and assay conditions 
that are not normally responsive towards CSC (e.g., TA1537 without metabolic activation), the assay 
should be considered questionable and replicated to investigate the problem. 

Section 34 – This section covers the requirement for replicate experiments.  

There is no strict requirement for replicate experiments when a result is considered a positive response, 
i.e. increased activity of the test condensate relative to the control condensate in strains and conditions 
where both condensates are mutagenic, or positive data with the test condensate in strains or conditions 
not responsive to control tobacco smoke condensate, i.e. indicating mutagenic substances not normally 
found in smoke condensate have been generated.  However, the task force recommends that the 
laboratory consider replicating the assay to confirm the positive response.  

When a result is considered a neutral effect (no difference in the mutagenicity of the test condensate 
relative to the control condensate) a replicate experiment using newly generated smoke condensate 
samples should be conducted to confirm the data. 

Reduced activity (mutagenicity of the test condensate is reduced relative to the control condensate) 
should be replicated using newly generated smoke condensate samples to confirm the data. 
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Evaluation and interpretation of results: - OECD sections 35 – 38 

Positive and negative chemical control values should be within the previously determined and reported 
values for the laboratory. 

All data should be examined for outliers and non-linearity by an appropriate evaluation and removed if 
appropriate. 

The methodologies detailed in reference 6 are recommended by the OECD in analyzing for statistically 
significant mutagenic effects of test and control condensate compared to the solvent control. 

If one or more of the smoke condensates demonstrate a statistically significant mutagenic effect compared 
to the solvent control, a single characteristic describing the linear portion of the dose response 
relationship should be generated.  The recommended characteristic is the slope or mean effect / dose ratio 
expressed as revertants per unit dose and should include a measure of the uncertainty of the characteristic. 

The characteristic of the test and control condensates should be compared using an appropriate method of 
statistical analysis to determine if a significant difference in the characteristics is present.  This statistical 
analysis should be used to determine if the test sample is similar or dissimilar in mutagenic activity to the 
control sample. 
 
4.  In Vitro Micronucleus Test 

International workshops were held in 1999 (43) and 2002 (79) to consider the use of the in vitro 
micronucleus assay.  The initial report (43), was published at a time when a number of validation studies 
were in preparation in Europe and Japan.  Data from these studies was used in the preparation of an 
internationally harmonized protocol at the second workshop in 2002 (79). 

The following were set out as major steps in the conduct of the in vitro micronucleus test: 
• Demonstration of cell proliferation and assessment of assay toxicity 
• Treatment schedule for cell lines 
• Choice of positive controls 
• Number of cells to be scored 
• Repeat experiments 
• Statistics 

An appropriate mammalian cell line (e.g. CHO, CHL, V79 3T3) or human lymphocytes can be used in 
the assay. 
 
4.1   Demonstration of cell proliferation and assessment of toxicity 

As the assay is dependent on cell division, demonstration of cell division and an assessment of toxicity in 
both control and treated cells are paramount. 

The Task Force recommends that cell proliferation be demonstrated using either the cytochalasin-B 
induced cytokinesis-block proliferation index (see section 4.6) OR cells counts.  If cell counts are used, 
the number of cells at the time of harvest should be significantly greater than the number of cells at the 
time of seeding. 

For samples e.g. single compounds, where determination of a positive or negative genotoxic activity is 
required, it has been found that achieving a level of 60% cytotoxicity will detect both known clastogens 
and aneugens.  However, care should be exercised in ensuring that the genotoxic response is not 
perturbed by excessive cytotoxicity.  At least 3 analyzable concentrations should be tested which should 
exhibit substantial, intermediate and little or no toxicity. 
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4.2   Treatment schedule for cell lines 

A rationale for treatments recommends the use of a short treatment (3 to 6 hours) with and without S9 and 
a continuous treatment (approximately 2.5 cell cycles) in the absence of S9 (Figs. 1 & 2). 

If cytochalasin-B is used with cell lines it should be added during the first cell cycle following start of 
treatment and cells harvested prior to second mitosis. 
 

Fig 1.  Short Treatments 
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Fig 2.  Continuous Treatment 
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4.3   Choice of positive controls 

In the absence of S9 both a clastogen (e.g. mitomycin C or bleomycin) and an aneugen (e.g. colchicine, if 
cytochalasin-B is used) are recommended as positive controls.  Since no aneugen requiring metabolic 
activation is commonly recognized, a clastogen such as cyclophosphamide or benzo(a)pyrene is 
recommended as a positive control when S9 is used. 

It is also recommended that smoke condensate from a reference cigarette be tested as a quality assurance 
control 
 
4.4   Duplicate cultures 

Cultures for each dose should be performed in duplicate. 
 
4.5   Number of cells to be scored 

When cytochalasin-B is used to assess cell proliferation, a cytokinesis-block proliferation index (CBPI), 
defined as (1x number of mononucleated cells + 2x number of binucleated cells + 3 x numbers of tri- and 
tetranucleated cells) / total number cells scored, should be determined on 500 cells (83). 

In cytochalasin-B arrested cultures, micronucleus frequencies should be analyzed in 2000 binucleated 
cells per concentration (1000 binucleated cells per culture, 2 cultures per concentration).  With 
cytochalasin-B, a parallel scoring of micronuclei in mononucleated cells is optional (1000 cells/culture). 

In cell lines analyzed without cytochalasin-B, micronuclei should be scored in 2000 cells per 
concentration (1000 cells per culture; 2 cultures per concentration). 
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4.6   Replicate experiments  

If the control smoke condensate is negative (does not increase the frequency of micronuclei relative to the 
solvent control) the experiment should be considered questionable and replicated to investigate the 
problem. 

If the first experiment demonstrates lower or neutral activity of the test sample relative to the control 
sample, the study needs to be replicated, using a completely newly generated smoke condensate (Fig 3.) 
as follows: 
• In the plus S9 condition the assay should be replicated using the short treatment protocol (Fig 1).   
• In the minus S9 condition the assay should be replicated using the continuous treatment protocol 

(Fig. 2). 

The task force also recommends that the laboratory consider replicating the assay to confirm the result if 
the first experiment demonstrates a positive result of the test sample relative to the control sample.   
 

Fig 3.  Replicate Experiments. 
 

 

Lower, 
neutral or 

equivocable 
 

Replicate   
short 

treatment 
protocol 
(Fig 1) 

Positive 
 
 

Finished or 
confirm if 
desired 

Lower, 
neutral or 

equivocable
 

Replicate with
continuous 

protocol  
(Fig 2) 

Minus S9 
Short  

Treatment 
Protocol 
(Fig 1) 

Plus S9 
Short  

Treatment 
Protocol 
(Fig 1) 

Positive 
 

Finished or 
confirm if 
desired 

 

For tobacco smoke condensates, definition of lower, neutral and positive see 4.7 
 
4.7   Statistics 

Tobacco smoke condensates are positive in the in vitro micronucleus assay under all 3 protocol variants.  
The objective of testing tobacco smoke condensate in the micronucleus test is therefore to determine if a 
positive effect (increased activity), a neutral effect (no change in activity), or lowered effect (reduced 
activity) of product modification upon a pre-existing background of genotoxic tobacco smoke. 

In comparing data from test samples versus controls the following may be used: 

- 13 -  



 

• Calculate a response per unit dose 
• Determine if data is normally distributed e.g. Anderson-Darling normality test (81). 
• If data is normally distributed, perform a combined t-test 
• Alternately, if 2 or more samples need to be compared, carry out an analysis of variance and calculate 

e.g. Tukeys least significant difference (82). 
• If data not normally distributed, a non-parametric test e.g. Wilcoxn’s signed rank test should be used 

to compare the sample and test data (82). 
• For multiple comparisons a non-parametric equivalent of the ANOVA Kruskal’s or Moods median test 

may be considered (82). 

Other statistical tests may be used with documented justification.  Statistical methods should be used as 
an aid in evaluating the test results, statistical significance should not be the only determinant of a 
positive response. 
 
5.  In Vitro Mammalian Chromosome Aberration Test 

If required, this should be performed to the standard set out in reference 83. 
 
6.  In Vitro Mammalian Cell Gene Mutation Test 

If required, this should be performed to the standard set out in reference 84. 
 
7.  Neutral Red In Vitro Cytotoxicity Assay 

Following the international workshop on in vitro methods for assessing acute systemic toxicity in 2000, 
the neutral red in vitro cytotoxicity assay using a permanent mammalian cell line has been recognized as 
the test of choice (21).  Furthermore, a standard operating protocol using BALB/c 3T3 A31 cells has been 
published as appendix C in reference 21. 

The rationale for using BALB/c 3T3 cells does not exclude use of alternative cell lines; in fact the report 
does quote that: 
“Analyses performed before or during the workshop (21) did not reveal significant differences between 
the basal cytotoxicity results obtained using permanent mammalian cell lines,”. 

Although BALB/c 3T3 cell lines are frequently used, other established mammalian cell lines such as 
CHO, V79, HepG2 and A549 cell are suitable, providing exposure to the agent of interest lasts at least 
one cell cycle.  However, cell lines from fish or invertebrates, highly differentiated mammalian cells and 
embryonic stem cells which do not possess lysosomes, are not suitable for the assay. 

Range finding should be conducted to set the appropriate dose range for main experiments. 

In summary, the basic procedure is as follows: 
1. Seed cells into duplicate 96 well plates 
2. Culture 24 hours to form semi-confluent monolayer 
3. Expose to test compounds for at least 24 hours (must be greater than 1 cell cycle). 
4. Determine neutral red uptake in test and control cell cultures. 
5. Calculate percentage inhibition of growth as the IC50, the concentration of test agent producing 50% 

reduction of neutral red uptake. 
6. A reference smoke condensate or other positive control chemical should be included in the assay to 

provide a reference point for assay performance. 

All data should be confirmed in a replicate experiment.  A replicate is defined as an independently 
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conducted experiment involving completely newly generated smoke condensate samples. 

Experiments in the presence of an S9 metabolic activating fraction are not specifically recommended at 
this time. 
 
7.1   Neutral Red Data Analysis 

Positive and negative chemical control values should be within the laboratory’s previously determined 
and reported values. 

Plot the data: 

Examine individual plate results for homogeneity using either statistical analysis or professional 
judgment.  If identically treated plates do not yield homogeneous results, experiment should be repeated 
prior to further analysis. 

Examine for evidence of outliers and remove if justified based on either statistical analyses or 
professional judgment. 

A sigmoid curve model as set out in the NIH protocol (21) is an appropriate fit to the data, reflecting the 
expected shape.  

At least one parameter characterizing the dose response relationship should be generated.  The 
recommended characteristic is the IC50 which should lie on the linear portion of the sigmoidal curve 
within the range of doses examined. 

An appropriate method of statistical analysis should be carried out to determine if a significant difference 
in the characteristic(s) exists between control and test samples. 
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