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1 GENERAL INTRODUCTION (PREAMBLE)    4 

An Introduction document to the Genetic Toxicology Test Guidelines (TGs) was first published 5 

in 1987 (OECD, 1987).   Following a global update of the Genetic Toxicology TGs, which was 6 

completed in 2015, the present Guidance Document is written to provide succinct and useful 7 

information to individuals new to genetic toxicology testing as well as experienced individuals 8 

wishing to obtain an overview of the recent changes that were made to the TGs during the recent 9 

round of revisions. It provides: (1) general background and historical information on the OECD 10 

genetic toxicology TGs; (2) a brief overview of the important types of genetic damage evaluated 11 

by these tests; and 3) a description of the specific tests for which new or revised TGs where 12 

developed in 2014-2015, and the issues and changes addressed therein. 13 

1.1 General Background  14 

Since the 1980s, the view on the relative importance of the various tests for which a TG exists, 15 

has changed. Simultaneously, there has been an increase in our knowledge of the mechanisms 16 

leading to genetic toxicity as well as the experience with the use of the tests.  Our interpretation 17 

of test results has evolved, as has our identification of the critical steps in the different tests, as 18 

well as the strengths and weaknesses of the different tests.  Moreover, it has become clear that 19 

tests which detect the types of genetic damage that can be transmitted (gene mutations, structural 20 

chromosomal damage and numerical chromosomal abnormalities) in mammalian cells, should be 21 

considered to be the most relevant for evaluating chemicals for their potential to induce 22 

mutation. 23 

There have also been significant economic changes since the OECD genetic toxicology TGs 24 

were first established. The number of newly developed substances to be tested has increased; 25 

furthermore, the European Registration, Evaluation, Authorization and Restriction of Chemical 26 

substances (REACH) initiative requires the testing of an unprecedented large number of 27 

substances already in commerce, but not previously evaluated for genotoxicity. Consequently, 28 

testing must be more efficient, faster and cheaper; whereas, at the same time the quality, 29 

sensitivity and specificity of the tests should not suffer. In addition, most regulatory authorities 30 

have increased their commitment to a reduction in the use of animals in toxicology testing. For 31 

some genetic toxicology testing strategies the number of required tests has been reduced from 32 

several to 3, or even as few as 2, in vitro tests., In line with the basic principles of humane animal 33 

experimentation (Reduce, Refine, and Replace, i.e. 3Rs) it has been recommended that in vitro 34 

tests should be followed up with as few as possible in vivo tests.  Regulatory authorities have 35 

established various ways to do this, including a prohibition of in vivo tests in the European Union 36 

(EU) directive for cosmetic ingredients. Importantly, an evaluation of new data supports 37 

significant reductions in animal use. This can be, accomplished for example, by the incorporation 38 

of some in vivo genetic toxicity endpoints into repeated dose toxicity tests, or by eliminating the 39 

need for concurrent positive controls in in vivo genetic toxicology tests, thus reducing the total 40 

number of animals used in evaluating a particular test substance.  41 

At its 22
nd

 meeting in March 2010, the OECD Workgroup of National Coordinators for Test 42 

Guidelines (WNT) formed an Expert Workgroup that would review all of the genetic toxicology 43 
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TGs and make decisions to, retire or update the various TGs, and to develop new TGs.  44 

Subsequently, taking advantage of experience with the tests, the TG revisions were made, which 45 

provided increased knowledge concerning the features of the various tests and the technical 46 

conduct of the tests. In addition, the revision process provided an opportunity to harmonize, as 47 

appropriate, the recommendations across all of the genetic toxicology TGs. This harmonization 48 

led, for instance, to a common approach to the interpretation of test results.   49 

1.2 History and Status of TGs 50 

The history and current status of the different TGs is summarized in Table 1. Since the last TG 51 

revision in 1997 new TGs have been adopted: TG 487 (in vitro mammalian micronucleus test) in 52 

2010; TG 488 (transgenic rodent somatic and germ cell gene mutation assays) in 2011; TG489 53 

(in vivo mammalian alkaline comet assay) in 2014; and finally TG 490 (in vitro gene mutation 54 

assays using the thymidine kinase (tk) locus [Mouse Lymphoma Assay (MLA) and TK6] 55 

approved in 2015. Because of the acceptance of a new TG (TG 490) that includes both the MLA 56 

and TK6, TG 476 was revised and updated and now includes only the in vitro mammalian cell 57 

tests using the hypoxanthine guanine phosphoribosyl transferase (hprt) locus and xanthine-58 

guanine phosphoribosyl transferase transgene (xprt) 59 

A decision to delete some TGs was made based on the observation that these tests are rarely used 60 

in the various legislative jurisdictions, and on the availability of newer tests showing a better 61 

performance for the same endpoint. Moreover, the assays conducted in mammalian cells are 62 

preferred because they are considered more relevant. TGs that were deleted include these: TG 63 

477 (sex-linked recessive lethal test in Drosophila melanogaster); TG 480 (Saccharomyces 64 

cerevisiae, gene mutation test); TG 481 (Saccharomyces cerevisiae, mitotic recombination test); 65 

TG 482 (DNA damage and repair, Unscheduled DNA synthesis in mammalian cells in vitro); 66 

and, TG 484 (mouse spot test). In addition, TG 479 (in vitro sister chromatid exchange test in 67 

mammalian cells) was also deleted because of a lack of understanding of the mechanism(s) of 68 

action of the effect detected by the test.  69 

The tests described in the deleted TGs should not be used for new testing, and are no longer a 70 

part of the set of OECD recommended tests. However, data previously generated from these 71 

deleted TGs can still be used in regulatory decisions. Therefore, the TGs will be available on the 72 

OECD public website (http://www.oecd.org/env/testguidelines - bottom section (“TGs that have 73 

been cancelled and/or replaced with updated TGs”), because it may be useful to consult these 74 

TGs in the context of the assessment of substances based on old study reports.  75 

In addition, it is recognized that two tests have limitations that result in their being less widely 76 

used and less favoured by some regulatory authorities than in the past.  These include TG 485, 77 

(the mouse heritable translocation test which requires 500 first generation males per dose level) 78 

and TG486 (the in vivo unscheduled DNA synthesis test).  Although both of these tests fulfil 79 

most of the criteria for deletion, the decision was made to neither delete nor update these TGs 80 

because they were still viewed as having regulatory utility. 81 

A decision was made not to update TG 471 (bacterial reverse mutation test) during this round of 82 

revisions. 83 

http://www.oecd.org/env/testguidelines
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Table 1: Current status of the Test Guidelines for genetic toxicology  84 

TG Title Adopted

d 

Revised Deleted 

 Recently Revised Test Guidelines    

473 In vitro mammalian chromosomal aberration test 1983 1997 / 2014  

474 Mammalian erythrocyte micronucleus test 1983 1997 / 2014  

475 Mammalian bone marrow chromosomal aberration 

test 

1984 1997 / 2014  

476 In vitro mammalian cell gene mutation test
1
  1984 1997 / 2015  

487 In vitro mammalian cell micronucleus test 2010 2014  

478 Rodent dominant lethal assay 1984 2015  

483 Mammalian spermatogonial chromosome aberration 

test 

1997 2015  

 Recently Added Test Guidelines    

488 Transgenic rodent somatic and germ cell gene 

mutation assays 

2011   

489 In vivo mammalian alkaline Comet assay  2014   

490 In vitro gene mutation assays using the tk locus  2015   

 Archived/Deleted Test Guidelines    

472 Genetic Toxicology: Escherichia coli, Reverse 

Assay 

1983  1997 

477 Sex-linked recessive lethal test in Drosophila 

melanogaster 

1984  2013 

479 In vitro sister chromatid exchange assay in 

mammalian cells 

1986  2013 

480 Saccharomyces cerevisiae, gene mutation assay 1986  2013 

481 Saccharomyces cerevisiae, mitotic recombination 

assay 

1986  2013 

482 DNA damage and repair, Unscheduled DNA 

synthesis in mammalian cells in vitro 

1986  2013 

484 Mouse spot test 1986  2013 
1
After the revision, TG 476 is only for the mammalian cell gene mutation test using the hprt 85 

or xprt locus 86 

 87 

2 AIM OF GENETIC TOXICOLOGY TESTING  88 

The purpose of genotoxicity testing is to identify substances that can cause genetic alterations in 89 

somatic and/or germ cells and to use this information in a variety of regulatory decisions. 90 

Compared to most other types of toxicity, genetic alterations may result in effects manifested 91 

after unusually long periods following exposure. Furthermore, the disease endpoint can be 92 

caused by DNA damage that occurs in a single cell at low exposures. Rather than destroying that 93 

cell, the genetic alteration can result in a phenotype that not only persists, but can be amplified, 94 

as the cell divides, creating an expanding group of dysfunctional cells within a tissue or organ. 95 

Genetic alterations in somatic cells may cause cancer if they occur in genes (i.e. proto-96 

oncogenes, tumour suppressor genes and/or DNA damage response genes); alternatively, they 97 

may be responsible for a variety of other (non-cancer) genetic diseases (Erickson, 2010). 98 

Accumulation of DNA damage in somatic cells has also been related to degenerative conditions 99 

such as accelerated aging, immune dysfunction, cardiovascular and neurodegenerative diseases 100 

(Hoeijmakers et al., 2009; Slatter and Gennery, 2010; De Flora and Izzotti, 2007; Frank, 2010). 101 

In germ cells, DNA damage is associated with spontaneous abortions, infertility or heritable 102 

damage in the offspring and/or subsequent generations resulting in genetic diseases.  103 
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2.1 Genetic Toxicology Endpoints  104 

Two types of genetic toxicology studies are considered important: 1) those measuring direct, 105 

irreversible damage to the DNA that is transmissible to the next cell generation, (i.e. 106 

mutagenicity); and 2) those measuring early, potentially reversible effects to DNA or on 107 

mechanisms involved in the preservation of the integrity of the genome (genotoxicity). These 108 

terms are defined in the context of the OECD TGs, as follows. 109 

Mutagenicity is a component of genotoxicity. Mutagenicity results in events that alter the DNA 110 

and/or chromosomal structure and that are passed to subsequent generations. Thus mutations 111 

include the following: (1) changes in a single base pairs, partial, single or multiple genes, or 112 

chromosomes; (2) breaks in chromosomes that result in the stable (transmissible) deletion, 113 

duplication or rearrangement of chromosome segments; (3) a change (gain or loss) in 114 

chromosome number (i.e. aneuploidy) resulting in cells that have not an exact multiple of the 115 

haploid number; and, (4) mitotic recombination. 116 

Genotoxicity is a broader term. It includes mutagenicity (described above), and it includes DNA 117 

damage, which may or may not result in permanent alterations in the structure or information 118 

content in a cell or its progeny.  Thus, tests for genotoxicity also include those tests that evaluate 119 

induced damage to DNA (but not direct evidence of mutation) via effects such as unscheduled 120 

DNA synthesis (UDS), DNA strand breaks and DNA adduct formation.   121 

 122 

3 TEST GUIDELINES FOR GENETIC TOXICOLOGY  123 

A full evaluation of a chemical’s ability to induce the possible types of genetic damage involved 124 

in adverse human health outcomes (cancer, non-cancer diseases involving somatic cell mutation, 125 

and heritable disease) includes tests that can detect gene mutation, chromosomal damage and 126 

aneuploidy. To adequately cover all the genetic endpoints, one must use multiple tests (i.e., a test 127 

battery); as no individual test can provide information on all endpoints. Complete assessment of 128 

genotoxic potential through the detection of gene mutations, structural chromosomal aberrations, 129 

and numerical chromosomal abnormalities can be achieved in a variety of ways. However, the 130 

selection of: 1) which tests to use, 2) how to combine them into test batteries, 3) whether to use 131 

them for initial screening or to follow up previously generated results, and 4) how to interpret the 132 

hazard identified (or not), or to make decisions about further testing or regulatory action, is 133 

beyond the purview of the OECD TGs and this document. Recommended batteries of tests are 134 

described in other regional or international regulatory documents for various each types of 135 

chemicals (e.g. Cimino, 2006a, 2006b; Eastmond et al., 2009).  136 

Indicator tests detect primary DNA damage (i.e. the first in the chain of events leading to a 137 

permanent change), but not the consequences of this genetic damage. They are called indicator 138 

tests because the measured endpoint does not always lead to mutation, a change that can be 139 

passed on to subsequent generations. The DNA damage measured in the comet assay, or the 140 

unscheduled DNA synthesis test, may lead to cell death, or it may initiate DNA repair, which can 141 

return the DNA either to its original state or result in mutation. When evaluating potential 142 

genotoxicants, more weight should be given to the measurement of permanent DNA changes 143 
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than to DNA damage events that are reversible. In general, indicator tests should not be used in 144 

isolation and a substance should not be considered mutagenic (or nonmutagenic) on the results of 145 

indicator tests alone. As long as these limitations are recognized, indicator tests can be useful for: 146 

1) preliminary screening; 2) as part of in vivo follow up of in vitro positive results; 3) for 147 

mechanistic studies, e.g. for the detection of oxidative DNA damage; and, 4) as an exposure 148 

biomarker demonstrating that the test chemical, or its metabolic or reactive products, have 149 

reached a target tissue and can damage the DNA. 150 

The guidance provided in the TGs has been developed specifically for the routine evaluation of 151 

test materials, in particular for hazard identification. When a test is being used for more detailed 152 

experimentation, or for other regulatory purposes, alterations to the test protocol may be 153 

necessary. For instance, if the goal is to conduct a more detailed dose response evaluation, 154 

perhaps at low doses/concentrations to assess whether there is a no-effect level, or to better 155 

define a point of departure, or to understand the response at particular levels of exposure, it is 156 

likely that a larger number of test concentrations/doses would be required, and/or a different 157 

strategy for concentration/dose selection (than indicated in the TGs) would be needed. If the goal 158 

is to evaluate whether a chemical that is a mutagen and a carcinogen is inducing specific tumors 159 

via a mutagenic mode of action, it would be desirable to tailor the concentration/dose selection 160 

and possibly the length of exposure and timing of sampling to optimally address the question(s) 161 

being addressed for that specific chemical. There are a number of references that provide 162 

additional information for designing experiments that go beyond simple hazard identification: 163 

(Cao et al., 2014; Gollapudi et al., 2013; Johnson et al., 2014; MacGregor et al., 2015a; 164 

MacGregor et al., 2015b; Moore et al., 2008; Parsons et al., 2013; and Manjanantha et al., 2015)    165 

The individual TGs provide specific information describing the tests and the detailed 166 

recommendations for their conduct. The tests, for which there are TGs, are briefly discussed 167 

below. This section is divided into in vitro and in vivo tests and further divided based on the 168 

principal genetic endpoint detected by the test. 169 

3.1 In vitro genetic toxicology tests  170 

 Tests for gene mutation.  3.1.1171 

TG 471: Bacterial Reverse Mutation Test. The bacterial reverse mutation test (commonly 172 

called the “Ames test”) identifies substances that induce gene mutations that are point mutations 173 

(i.e., base-pair substitutions and frameshift mutations resulting from small insertions and 174 

deletions). This test uses specific strains of two species of bacteria, Salmonella typhimurium and 175 

Escherichia coli. Each strain contains identified mutations in amino acid (i.e., histidine [His] or 176 

tryptophan [Tryp], respectively) biosynthesis gene as the reporter locus. Those mutations prevent 177 

bacterial growth in the absence of the amino acid in the growth medium. Exposure to mutagens 178 

may induce a second mutation (a reversion) that will restore the wild type DNA sequence and the 179 

functional capability of the bacteria to synthesize the essential amino acid, and, thus, to grow on 180 

medium without the required amino acid. Cells in which this second, function-restoring mutation 181 

(reversion) has occurred are called revertants. Consequently, the Ames test is termed a “reverse 182 

mutation test”.   183 
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There is a panel of specific strains that is used for the bacterial mutation test, which are each 184 

sensitive to a different mechanism of mutation (e.g. base substitution at GC pairs, base 185 

substitution at AT pairs or a single base insertion or deletion). A positive result in any one strain 186 

is considered relevant, and positive results in additional strains do not necessarily increase the 187 

level of confidence in the mutagenic response. The strains that can be reverted by the test 188 

chemical, and, therefore, the types of mutation(s) induced by the test chemical, provide 189 

information on the chemical’s mechanism of action.  190 

An advantage of the bacterial test is the relatively large number of cells exposed (about 10
8
) with 191 

a background mutant frequency that is both low and stable enough to allow a large dynamic 192 

range between the background and the highest mutant frequencies usually detected. This 193 

combination of wide dynamic range and stable background allows for relatively sensitive and 194 

reliable detection of compounds that induce a weak response.  195 

S. typhimurium and E. coli are prokaryotic cells that differ from mammalian cells in factors such 196 

as cellular uptake, metabolism, chromosome structure and DNA repair processes. As such they 197 

may be less predictive of effects in for humans. There have been developments to automate the 198 

test and to minimize the amount of test substance required (Claxton et al., 2001; Fluckiger-Isler 199 

et al., 2004). While widely used for screening, the miniaturized versions of the Ames test have 200 

not been universally accepted as replacements for standard regulatory testing, although they are 201 

described in TG 471.  202 

TG 476: In vitro mammalian cell gene mutation tests using the hprt or xprt genes. These in 203 

vitro mammalian cell gene mutation tests identify substances that induce gene mutations at the 204 

hprt (hypoxanthine-guanine phosphoribosyl transferase) or xprt (xanthine-guanine 205 

phosphoribosyl transferase) reporter locus. Unlike the Ames assay, this test is a forward mutation 206 

test because the mutation inactivates the function of the gene product rather than reversing a 207 

previous inactivating mutation. Gene mutations are evaluated as mutant colonies that can grow in 208 

medium containing a selective agent such as 6-thioguanine, a metabolic poison which allows 209 

only cells deficient in hprt to grow and form colonies. Because the hprt gene is on the X-210 

chromosome in humans and rodents, only one copy of hprt gene is active per cell. Thus, a 211 

mutation involving only the single active hprt locus will result in a cell with no functional HPRT 212 

enzyme. The test can be performed using a variety of established cell lines.  The most commonly 213 

used cells for the hprt test include the CHO, CHL and V79 lines of Chinese hamster cells, 214 

L5178Y mouse lymphoma cells, and TK6 human lymphoblastoid cells.  The non-autosomal 215 

location of the hprt gene (X-chromosome) means that the types of mutations detected in this 216 

assay are point mutations, including base pair substitutions and frameshift mutations resulting 217 

from small insertions and deletions.    218 

For the xprt assay, the gpt transgene codes for XPRT protein, which is a bacterial analogue of the 219 

mammalian HPRT protein. The only cells suitable for the xprt test are AS52 cells containing the 220 

bacterial gpt transgene (and from which the hprt gene was deleted). The autosomal location of 221 

the gpt locus allows the detection of certain genetic events, such as large deletions and loss of 222 

heterozygosity (LOH), not readily detected at the hemizygous hprt locus on X-chromosomes.   223 
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Both tests involve treating cells with the test substance, followed by an incubation period that 224 

provides sufficient time (termed the expression time) for the newly induced mutants to lose their 225 

functional HPRT enzyme.  The cell population is cloned in the presence and absence of the 226 

selective agent 6-thioguanine for the enumeration of mutant cells and the measurement of 227 

cloning efficiency, respectively, in order to calculate a mutant frequency. This mutant selection 228 

can be performed either using petri dishes (for monolayer cultures) or microtiter culture plates 229 

(for suspension cell cultures).  The soft agar cloning method has also been used successfully for 230 

the hprt assay in L5178Y mouse lymphoma cells (Moore and Clive, 1982).  231 

The cell density in mutant selection culture plates should be limited in order to avoid metabolic 232 

co-operation between mutant and non-mutant cells, which would alter mutant selection. This is 233 

particularly important for cells growing in monolayer such as cultures of V79 or CHO cells 234 

(COM 2000), but is less of an issue for cells growing in suspension.  A sufficient number of 235 

plates/cells must be evaluated in order to reach an adequate statistical power based on the 236 

spontaneous mutant frequency.  237 

TG 490: In vitro mammalian cell gene mutation tests using the thymidine kinase gene. This 238 

new TG describes two distinct assays that identify substances that cause gene mutations at the 239 

thymidine kinase (tk) reporter locus.  The two assays use two specific tk heterozygous cells lines: 240 

L5178Y tk
+/-

3.7.2C cells for the mouse lymphoma assay (MLA) and TK6 tk
+/- 

cells for the TK6 241 

assay; these are forward mutation assays. The mouse lymphoma assay (MLA) and TK6 assay 242 

using the tk locus were originally described in TG 476. Since the last revision of TG476, the 243 

MLA Expert Workgroup of the International Workshop for Genotoxicity Testing (IWGT) has 244 

developed internationally harmonized recommendations for assay acceptance criteria and data 245 

interpretation for the MLA (Moore et al. 2003, 2006) and this new TG was written to 246 

accommodate these recommendations. While the MLA has been widely used for regulatory 247 

purposes, the TK6 has been used much less frequently. It should be noted that in spite of the 248 

similarity between the endpoints, the two cell lines are not interchangeable, and regulatory 249 

programs may validly express a preference for one over the other for a particular regulatory use. 250 

For instance, the validation of the MLA demonstrated its appropriateness for detecting not only 251 

gene mutation, but also, the ability of a test substance to induce structural chromosomal damage.  252 

The autosomal and heterozygous nature of the thymidine kinase gene in the two cell lines 253 

enables the detection of cells deficient in the enzyme thymidine kinase following mutation from 254 

tk
+/-

 to tk
-/-

. This deficiency can result from genetic events that are compatible with cell survival 255 

while they affect the tk gene. Genetic events detected using the tk locus include both gene 256 

mutations (point mutations, frameshift mutations, small deletions) and chromosomal events 257 

(large deletions, chromosomal rearrangements and mitotic recombination). The latter events are 258 

expressed as loss of heterozygosity (LOH), which is a common genetic change of tumor 259 

suppressor genes in human tumorigenesis.  260 

Tk mutants include normal growing and slow growing mutants.  These are recognized as “large 261 

colony” and “small colony” mutants in the MLA, and as “early appearing colony” and “late 262 

appearing colony” mutants in the TK6 assay. Normal growing and slow growing mutants are 263 

scored simultaneously and differentiated by size and shape in the MLA. Normal growing and 264 
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slow growing mutants are scored at different incubation times in the TK6 assay. Scoring of slow 265 

growing colonies in the TK 6 assay requires cell refeeding with the selective agent and growth 266 

mediums (Liber et al., 1989). Normal growing and slow growing mutants must be enumerated as 267 

separate mutant frequencies. Scoring of normal and slow growing mutants can give an indication 268 

as to whether the tk mutants resulted from point mutations and/or chromosomal mutations. 269 

Normal growing colonies are considered indicative (but not exclusively predictive) of chemicals 270 

inducing point and other small-scale mutations whereas slow growing colonies are predictive of 271 

chemicals that induce chromosomal damage. Slow growing colonies consist of cells that have 272 

suffered damage impacting genes adjacent to tk. Their doubling time is prolonged and thus the 273 

size of the colony is smaller than for a normal growing one.  274 

The test involves treating cells with the test substance, providing sufficient expression time for 275 

the newly induced mutants to lose their functional tk enzyme. Then the cell population is cloned 276 

in the presence and absence of the selective agent triflurothymidine for the enumeration of 277 

mutant cells and the measurement of cloning efficiency, respectively, in order to calculate of a 278 

mutant frequency. This mutant selection can be performed using soft agar cloning medium in 279 

petri dishes or liquid medium in microwell culture plates. 280 

  Tests for chromosomal aberrations.  3.1.2281 

There are basically two types of endpoints that can be used to determine if a substance can cause 282 

chromosomal damage and/or aneuploidy: chromosomal aberrations and micronuclei. Both can be 283 

visualized under a microscope. Most chromosomal aberrations are not viable when, for example, 284 

the deficiency comprises essential gene(s) and, thus, they are not transmitted to daughter cells. 285 

Although micronuclei are visualized in cells following the first cell division, these are not 286 

retained in all subsequent generations. Based on many genetic studies of the chromosomal basis 287 

of heritable genetic effects in humans, and other species, it can be assumed that compounds able 288 

to induce chromosomal aberrations and micronuclei in those tests are also able to induce 289 

transmissible chromosome mutations (e.g. reciprocal translocations, stable translocations and 290 

aneuploidy) in humans.  291 

TG 473: In vitro mammalian chromosomal aberration test. The in vitro chromosomal 292 

aberration test identifies substances that induce structural chromosomal aberrations (deletions 293 

and rearrangements) in cultures of established cell lines [e.g. CHO, V79, Chinese Hamster Lung 294 

(CHL/IU), TK6] or primary cell cultures, including human or other mammalian peripheral blood 295 

lymphocytes.  Structural chromosomal aberrations may be of two types, chromosome or 296 

chromatid; depending on the mechanism of action; the chromatid-type is most often observed. 297 

Most chromosomal aberrations are observed only in metaphases of the first or second mitotic cell 298 

division, because cells containing these aberrations are lost in subsequent cell divisions. 299 

Individual cells are viewed by microscope and the information on the types of chromosomal 300 

aberrations seen in that cell is recorded. Chromosome mutations occur if DNA strand breaks are 301 

mis-repaired by non-homologous end joining. This repair system involves removal of a few 302 

nucleotides to allow somewhat inaccurate alignment of the two ends for rejoining followed by 303 

addition of nucleotides to fill in gaps.   304 
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Fluorescence in situ hybridization (FISH), or chromosome painting, can provide additional 305 

information through enhanced visualization of translocations that are not readily visible in the 306 

standard chromosomal aberration test; this technique is not required for hazard assessment. 307 

The standard design of the chromosomal aberration test is not optimised for the detection of 308 

aneuploidy. An increased incidence of polyploidy or chromosome endoreduplication could 309 

suggest an induction of numerical chromosomal abnormalities. However, it does not necessarily 310 

indicate an aneugenic mechanism as these observations may also result from failed cytokinesis 311 

or from cytotoxicity.  312 

TG 487: In vitro mammalian cell micronucleus test. The in vitro micronucleus test identifies 313 

substances that induce chromosomal breaks and aneuploidy. Micronuclei are formed when either 314 

a chromosome fragment or an intact chromosome is unable to migrate to a mitotic pole during 315 

the anaphase stage of cell division and is left out of the daughter nuclei. The test, thus, detects 316 

both structural chromosomal breaks (caused by clastogens) or numerical chromosomal 317 

abnormalities or chromosome loss (caused by aneugens). The use of FISH and centromere 318 

staining can provide additional mechanistic information and can help in differentiating 319 

clastogens (micronuclei without centromeres) from aneugens (micronuclei with centromeres).  320 

The test can be conducted using cultured primary human or other mammalian peripheral blood 321 

lymphocytes and a number of cell lines such as CHO, V79, CHL/IU, L5178Y and TK6.  There 322 

are other cell lines that have been used for the micronucleus assay (e.g. HT29, Caco-2, HepaRG, 323 

HepG2 and primary Syrian Hamster Embryo cells) but these have not been extensively validated, 324 

and the TG recommends that they be used only if they can be demonstrated to perform according 325 

to the described requirements.   326 

The scoring of micronuclei is generally conducted in the first division daughter cells.  327 

Cytochalasin B can be used to block cytoplasm division/cytokinesis and generate binucleate cells 328 

during or after test substance exposure. This may be desirable, because it can be used to measure 329 

cell proliferation and allows the scoring of micronuclei in dividing cells only. The use of 330 

cytochalasin B is mandatory for mixed cell cultures such as whole blood cultures in order to 331 

identify the dividing target cell population; but for cell lines the test can be conducted either with 332 

or without cytochalasin B.  333 

The scoring of micronuclei has a potential for automation, i.e., flow cytometry or image analysis. 334 

Automated systems that can measure micronucleated cell frequencies include, but are not limited 335 

to, flow cytometers (Torous et al., 2000; De Boeck et al., 2005; Dertinger et al., 2011), image 336 

analysis platforms (Parton et al. 1996; Asano et al., 1998), and laser scanning cytometers (Styles 337 

et al., 2011).    338 

The in vitro micronucleus test has been shown to be as sensitive as the chromosomal aberration 339 

test for the detection of clastogens, and has the additional advantage of detecting aneugenic 340 

substances (Corvi et al., 2008). However, the in vitro micronucleus test detects only 341 

chromosome fragments, the visible chromosomal aberration test detects translocations and other 342 

complex chromosomal rearrangements that may provide additional mechanistic information.   343 
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3.2 In vivo genetic toxicology tests   344 

 Tests for gene mutations.  3.2.1345 

For the in vivo tests, gene mutations are measured in “reporter” genes that are not involved in 346 

carcinogenesis or other identified diseases; however, these “reporter” genes are assumed to be 347 

mutated through similar molecular mechanisms to mutations resulting in disease. Moreover, 348 

positive selection systems have been developed to select, visualize, and enumerate the 349 

clones/colonies resulting from mutant cells.  350 

TG 488: Transgenic rodent somatic and germ cell gene mutation assays. The transgenic 351 

rodent gene mutation test identifies substances that induce gene mutations in transgenic reporter 352 

genes in somatic and germ cells. The test uses transgenic rats or mice that contain multiple 353 

copies of chromosomally integrated phage or plasmid shuttle vectors which harbour the 354 

transgenic reporter genes in each cell of the body, including germ cells.  Therefore, mutagenicity 355 

can be detected in virtually all tissues of an animal that yields sufficient DNA, including specific 356 

site of contact tissues and germ cells. The reporter genes are used for detection of gene mutations 357 

and/or chromosomal deletions and rearrangements resulting in DNA size changes (the latter 358 

specifically in the lacZ plasmid and Spi
- 
test models) induced in vivo by the test substances 359 

(OECD, 2009, OECD, 2011; Lambert et al., 2005). Briefly, genomic DNA is extracted from 360 

tissues, transgenes are extracted from genomic DNA, and transfected into bacteria where the 361 

mutant frequency is measured using specific selection systems. The transgenes are genetically 362 

neutral in the animals, i.e., their presence or alteration has no functional consequence to the 363 

animals that harbour them. These transgenes respond to treatment in the same way as 364 

endogenous genes in rats or mice with a similar genetic background, especially with regard to the 365 

detection of base pair substitutions, frameshift mutations, and small deletions and insertions 366 

(OECD, 2009). These tests, therefore, circumvent many of the existing limitations associated 367 

with the study of in vivo gene mutation in endogenous genes (e.g., limited tissues suitable for 368 

analysis) that can be used to readily enumerate mutant cells). Because the target genes are 369 

functionally neutral, mutations can accumulate over time allowing increased sensitivity for 370 

detection of mutations when tissues receive repeated administrations of the test chemical. A 28-371 

day treatment is recommended for somatic tissues.  372 

DNA sequencing of mutants is not required, but it is often helpful to confirm that the mutational 373 

spectra or type of mutations seen following treatment are different from those found in the 374 

untreated animal/tissue, to calculate the frequency of the different specific types of mutations, 375 

and to provide mechanistic data. Sequencing is also used to estimate the amount of clonal 376 

expansion of the originally mutated cell to more accurately estimate the actual mutation 377 

frequency by adjusting the frequency of mutants detected by positive selection.  378 

 Tests for chromosomal damage  3.2.2379 

As described in Section 3.1.2, there is strong evidence for linking chromosomal aberrations with 380 

adverse human health outcomes.  381 

TG 475: Mammalian bone marrow chromosomal aberration test. The mammalian bone 382 

marrow chromosomal aberration test identifies substances that induce structural chromosomal 383 
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aberrations in bone marrow cells.  While rodents are usually used, other species may, in some 384 

cases, be appropriate, if scientifically justified. Structural chromosomal aberrations may be of 385 

two types, chromosome- or chromatid-type depending on the mechanism of action. The 386 

chromatid-type is more often observed. Chromosomal aberrations are observed only in 387 

metaphase of the first or second mitotic cell division because cells containing aberrations are 388 

usually lost in subsequent cell divisions.  389 

Although chromosomal aberrations can potentially be measured in other tissues, TG 475 390 

describes detection of effects in bone marrow cells, only. Because of this tissue limitation, the 391 

test may not provide useful information for some organ-specific substances. Individual cell 392 

information on the various types of chromosomal aberrations is visualized in individual cells 393 

using microscopy. 394 

FISH can provide additional information through enhanced visualization of translocations that 395 

are not readily visible in the standard chromosomal aberration test; although, this technique is 396 

not required for general hazard assessment. 397 

The standard design of this test is not optimized for the detection of aneuploidy. Polyploidy 398 

(including endoreduplication) could arise in chromosomal aberration tests in vivo. Although, 399 

increased incidence of polyploidy may be seen as an indication for numerical chromosomal 400 

abnormalities, an increase in polyploidy per se does not indicate aneugenic potential; rather, it 401 

may simply indicate cell cycle perturbation or cytotoxicity. Because of the nature of the damage, 402 

it can only be detected within days of its occurrence.  Longer exposures, thus, do not increase the 403 

sensitivity of these tests.   404 

TG 474: Mammalian erythrocyte micronucleus test. The mammalian erythrocyte 405 

micronucleus test identifies substances that induce micronuclei in erythroblasts sampled from 406 

bone marrow (usually measured in immature erythrocytes) or peripheral blood (measured in 407 

reticulocytes) of animals. Usually rodents are used, but other species (dogs, primates, humans) 408 

have been studied. When a bone marrow erythroblast develops into an immature erythrocyte 409 

(sometimes also referred to as a polychromatic erythrocyte, or reticulocyte) and then migrates 410 

into the peripheral blood, the main nucleus is extruded. Subsequently, any micronuclei that have 411 

been formed may remain behind in the cytoplasm. Thus, visualisation or detection of 412 

micronuclei is facilitated in erythrocytes because they lack a main nucleus.  413 

Micronuclei may originate from acentric chromosomes, lagging chromosome fragments or whole 414 

chromosomes, and, thus, the test has the potential to detect both clastogenic and aneugenic 415 

substances. The use of FISH and centromere staining can provide additional mechanistic 416 

information, and help differentiate clastogens (resulting in micronuclei without centromeres) from 417 

aneugens (resulting in micronuclei with centromeres). Automated systems that can measure 418 

micronucleated erythrocyte frequencies include, but are not limited to, flow cytometers (Torous et 419 

al., 2000; De Boeck et al., 2005; Dertinger et al., 2011), image analysis platforms (Parton et al. 420 

1996; Asano et al., 1998), and laser scanning cytometers (Styles et al., 2011).    421 

Micronuclei can be measured in other tissues, provided that the cells have proliferated before 422 

tissue collection and can be properly sampled (Uno 2015a and b). However, this TG is restricted 423 
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to measurement of effects in the bone marrow or the peripheral blood because of the lack of 424 

validation of tests applied to other tissues. These limitations restrict the usefulness of the 425 

micronucleus test for the detection of organ-specific genotoxic substances. As with TG 475, 426 

because of the nature of the damage, it can only be detected within days of its occurrence.  Longer 427 

exposures do not increase the sensitivity of these tests. 428 

TG 478: Rodent dominant lethal assay. The rodent dominant lethal test identifies substances 429 

that induce genetic damage causing embryonic or fetal death resulting from inherited dominant 430 

lethal mutations induced in germ cells of an exposed parent, usually male rats or mice (Bateman, 431 

1984; Generoso and Piegorsch, 1993) or, predominantly, in the zygote after fertilization 432 

(Marchetti et al, 2004). Usually male rats are treated; occasionally, females are treated; however, 433 

females appear less suitable in a system where fertilization of the eggs is essential and where 434 

embryonic death is evaluated (Green et al., 1985).  435 

Dominant lethality is generally a consequence of structural and/or numerical chromosomal 436 

aberrations, but gene mutations and toxic effects cannot be excluded. Because it requires a large 437 

number of animals, this test is rarely used. Since death of a conceptus is the event detected, the 438 

dominant lethal test does not necessarily assess a biological endpoint that reflects a potential 439 

health risk to future generations.  While the endpoint is a reproductive health effect, the 440 

dominant lethal assay should be considered an indicator test for inherited congenital 441 

malformations. However, it is a reproductive health effect. Moreover, the majority of chemicals 442 

that are positive in the dominant lethal tests also are positive in the heritable translocation test 443 

(TG 485) and specific locus test (Yauk et al., 2015). These latter two tests do measure mutational 444 

events that affect the health of the offspring. Furthermore, chemicals that cause dominant 445 

lethality also cause F1 congenital malformations (i.e the viable equivalent of dominant lethality 446 

(Anderson et al., 1998). 447 

TG 483: Mammalian spermatogonial chromosomal aberration test. The spermatogonial 448 

chromosomal aberration test identifies substances that induce structural chromosomal aberrations 449 

in male germ cells and is predictive for the induction of heritable mutations, usually sexually 450 

mature Chinese hamsters or mice are used. Chromosomal aberrations in spermatogonial cells are 451 

readily observed in metaphases of the first or second mitotic cell division of spermatogenesis. 452 

Cytogenetic preparations for analysis of spermatogonia metaphases at 24 and 48 hr after 453 

exposure allows the analysis of chromosomal aberrations in spermatocytes. A measure of 454 

cytotoxicity, and thus of exposure of the target cells, can be obtained by measuring the ratio 455 

between spermatogonia metaphases to either meiotic metaphases or interphase cells. The 456 

standard design of the test is not suitable for detection of aneuploidy. Although, increased 457 

incidence of polyploidy may be seen as an indication for numerical chromosomal abnormalities, 458 

an increase in polyploidy per se does not indicate aneugenic potential because it can result from 459 

cell cycle perturbation or cytotoxicity.  460 

FISH (or chromosome painting) can provide additional information through enhanced 461 

visualization of translocations and other rearrangements that are not readily visible in the 462 

standard chromosomal aberration test; this technique is not, however, required for general hazard 463 

identification. 464 
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TG 485: Mouse heritable translocation assay. The mouse heritable translocation assay 465 

identifies substances that induce structural chromosome changes in the first generation progeny 466 

of exposed males. The test is performed in mice, because of the ease of breeding and cytological 467 

verification. Sexually mature animals are used. The average litter-size of the strain should be 468 

greater than 8, and it should be relatively constant. The type of chromosome change detected in 469 

this test system is reciprocal translocation. Carriers of translocation heterozygotes and XO-470 

females show reduced fertility. This method is used to select first generation progeny for 471 

cytogenetic analysis. Translocations are cytogenetically observed as quadrivalents, which are 472 

comprised of two sets of homologous chromosomes (or bivalents) in meiotic cells at the 473 

diakinesis stage of metaphase I of F1 male progeny. To analyze for translocation heterozygosity 474 

one of two possible methods is used: 1) fertility testing of first generation progeny; or 2) 475 

cytogenetic analysis of all male first generation progeny. Monitoring of the litter size of the F1 476 

can provide indication that dominant lethality is also occurring. The mouse heritable 477 

translocation test requires a large number of animals and is consequently rarely used. Moreover, 478 

expertise for the performance of the mouse heritable translocation test is no longer readily 479 

available. 480 

 Indicator tests.  3.2.3481 

TG 486: Unscheduled DNA synthesis (UDS) test with mammalian liver cells in vivo.   The 482 

unscheduled DNA synthesis (UDS) test identifies substances that induce DNA damage and 483 

subsequent repair (measured as unscheduled DNA synthesis vs. normal S-phase scheduled 484 

synthesis) in liver cells of animals, commonly rats. However, this test does not detect the 485 

mutagenic consequences of the unrepaired genetic damage. Accordingly, the UDS test may be an 486 

appropriate test to detect DNA damage after exposure to substances, that specifically target the 487 

liver and that were positive in the Ames test in the presence of metabolic activation. The test 488 

responds positively only to substances that induce the type of DNA damage that is repaired by 489 

nucleotide excision repair. The test is based on the incorporation of tritium-labelled thymidine 490 

into the DNA by repair synthesis after excision and removal of a stretch of DNA containing a 491 

region of damage.  492 

To conduct the UDS, the compound is administered in vivo by the appropriate route, the liver 493 

cells are collected, generally by liver perfusion, and put into culture. The incorporation of 494 

tritium-labelled thymidine into the liver cell DNA is conducted in vitro, and this is scored 495 

following autoradiography.  496 

The UDS test should not be considered as a surrogate test for a gene mutation test (Kirkland and 497 

Speit, 2008).  498 

TG 489: In vivo mammalian alkaline comet assay.   The comet assay identifies substances that 499 

induce DNA damage. An alternate name is the alkaline single-cell gel electrophoresis assay. 500 

Under alkaline conditions (> pH 13), the comet assay can detect single and double strand breaks 501 

in eukaryotic cells, resulting, for example, from direct interactions with DNA, alkali labile sites, 502 

or as a consequence of transient DNA strand discontinuities resulting from DNA excision repair. 503 

These strand breaks may be: 1) repaired, resulting in no persistent effect; 2) lethal to the cell; or 504 
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3) fixed as a mutation resulting in a permanent heritable change. Therefore, the alkaline comet 505 

assay detects primary DNA damage that may (or may not) lead to gene mutations and/or 506 

chromosomal aberrations.    507 

The comet assay can be applied to any tissue of an animal from which good quality single cell or 508 

nuclei suspensions can be made, including specific site of contact tissues and germ cells (Tice et 509 

al., 1990); cell division is not required. This makes the comet assay useful in assessing exposure 510 

to target tissues and possible target tissues, and it provides an indication as to whether the 511 

chemical or its metabolites can cause primary DNA damage in that tissue.  This test does not 512 

detect aneuploidy, structural chromosomal damage, or mutation. Like many of the in vivo tests, it 513 

can be integrated into repeat dose toxicity studies designed for other purposes, but because the 514 

damage it measures usually does not persist, longer exposures do not result in increased 515 

sensitivity. 516 

It should be noted that the standard alkaline comet assay as described in TG 489, this guideline is 517 

not considered appropriate to measure DNA strand breaks in mature germ cells (i.e., sperm). 518 

Genotoxic effects may be measured in testicular cells at earlier stages of differentiation. 519 

However, as in males the gonads contain a mixture of somatic and germ cells, positive results in 520 

the whole gonad (testis) are not necessarily reflective of germ cell damage; nevertheless, positive 521 

results indicate that the test chemical has reached the gonad. 522 

The alkaline comet assay is most often performed in rodents, although it can be applied to other 523 

species. Further modifications of the assay allow more efficient and specific detection of DNA 524 

cross-links or, certain oxidized bases (by addition of lesion-specific endonucleases). The test 525 

guideline does not include procedures for the conduct of these modifications of the test.  526 

Fragmentation of the DNA can be caused not only by chemically-induced genotoxicity, but also 527 

during the process of cell death, i.e., apoptosis and necrosis. It is difficult to distinguish between 528 

genotoxicity and apoptosis/necrosis by the shape of the nucleus and comet tail after 529 

electrophoresis, e.g., by scoring “hedgehogs” (Guerard et al., 2014; Lorenzo et al, 2013).  530 

Consequently, for positive results, it is recommended that tissue samples be collected for 531 

histopathological examination to determine if apoptosis/necrosis could have resulted in DNA 532 

breaks via a non-genotoxic mechanism.  533 

 534 

4 OVERVIEW OF ISSUES ADDRESSED IN THE 2014-2015 REVISION OF THE GENETIC 535 

TOXICOLOGY TEST GUIDELINES   536 

As indicated in the introductory paragraphs, the Expert Workgroup undertook an extensive 537 

revision of the genetic toxicology TGs including a comprehensive harmonization of 538 

recommendations across the TGs. Therefore, this Guidance Document provides an amplification 539 

of important issues considered to be important for test conduct and data interpretation and also 540 

an overview of the new recommendations.     541 
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4.1 Issues specific to in vitro TGs  542 

 Cells  4.1.1543 

In the revision to the in vitro TGs there is new guidance concerning the characterization and 544 

handling/culturing of cells that are used in the individual tests. For many of the widely used 545 

mammalian cell lines, a new cell repository has been recently established and stocked with cells 546 

that are as close as possible to the original source and available for distribution (Lorge et al., 547 

xxxx in prep).  548 

 Cytotoxicity and selection of highest concentration for cytotoxic chemicals  4.1.2549 

For the in vitro assays, cytotoxicity is used as a primary means for selecting test 550 

concentrations.  The in vitro assays are conducted using measurements of cytotoxicity that have 551 

been developed and are specific to the individual assays. Since the last revisions of the TGs, the 552 

importance of cytotoxicity and the possibility that biologically irrelevant positive results can be 553 

obtained at high levels of cytotoxicity has been recognized (REFS). The recommendations for 554 

measuring cytotoxicity and the appropriate levels of cytotoxicity are now clearly emphasized in 555 

the individual TGs and are summarized here. These changes were implemented to standardize 556 

interpretation of assay results and guide the conduct of testing to increase the reliability and 557 

acceptability of the data by providing clearer standards for measuring cytotoxicity and ensuring 558 

that the most appropriate limit concentration is used when testing cytotoxic materials.  It should 559 

be noted that for in vitro assays, the treatment period is relatively short (generally 3 to 24 hours). 560 

It is not possible to conduct longer term in vitro exposures. This is because some of the 561 

endpoints, particularly the cytogenetic endpoints, do not accumulate with time, and the gene 562 

mutations (especially the slow growing/small colony tk mutants) decrease with time. Therefore, 563 

in order to detect genetic damage, the in vitro assays may utilize somewhat higher test 564 

concentrations (and therefore higher levels of cytotoxicity) than would be found in typical in vivo 565 

exposures. That is, the need to attain the recommended level of cytotoxicity is a consequence of 566 

the need to use very short exposures.   567 

4.1.2.1 in vitro cytogenetic assays  568 

The proper conduct of the in vitro cytogenetic assays requires assuring that the cells have, in fact 569 

undergone cell division. The reduction of cell proliferation is, thus, usually used to evaluate 570 

cytotoxicity. Two new measures of cytotoxicity for the in vitro cytogenetic assays, the Relative 571 

Increase in Cell Count (RICC) and Relative Population Doubling (RPD), have been developed 572 

and are now recommended in the revised TGs 473 and 487 for use with cell lines. Previously 573 

recommended methods such as Relative Cell Counts and optical evaluation of confluence or cell 574 

density are no longer recommended. It should be noted that RPD is thought to underestimate 575 

cytotoxicity in cases of long-term treatment as stated in the revised TGs. For the micronucleus 576 

assay, the Cytokinesis Blocked Proliferation Index (CBPI), or the replication index (RI) continue 577 

to be acceptable measures of cytotoxicity. Mitotic index continues to be recommended for the 578 

chromosomal aberrations assay when using primary cultures of lymphocytes for which, in 579 

contrast to immortalized cell lines, RPD and RICC may be cumbersome/impossible to measure.   580 
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The top level of cytotoxicity for assay acceptance has been more explicitly defined for the in 581 

vitro cytogenetic assays.  It is now recommended that if the maximum concentration is based on 582 

cytotoxicity, the highest concentration should aim to achieve 55 ± 5% cytotoxicity using the 583 

recommended cytotoxicity parameters (i.e. reduction in RICC, RPD, CBPI, RI, or MI to 45± 5% 584 

of the concurrent negative control). It is emphasized that care should be taken in interpreting 585 

positive results only found in the higher end of this 55 ± 5% cytotoxicity range. 586 

4.1.2.2 In vitro gene mutation assays  587 

The in vitro gene mutation assays require that the cells grow through the expression phase of the 588 

assay and also during the cloning for mutant selection. Therefore, they can only be conducted 589 

using concentrations that are compatible with cell survival and proliferation.  For the MLA, TG 590 

490 now clearly articulates that only the Relative Total Growth (RTG), originally defined by 591 

Clive and Spector (1975) should be used as the measure for cytotoxicity. RTG was developed to 592 

take into consideration the relative (to the negative control) cell growth of the treated cultures 593 

during the treatment and expression periods and the cloning efficiency at the time of mutant 594 

selection. For the other in vitro gene mutations assays (TK6, hprt and xprt) the relative survival 595 

(RS) should be used.  RS is the plating efficiency immediately after treatment and corrected to 596 

include any cell loss during treatment. That is, RS should not be based solely on the plating 597 

efficiency of those cells that survive the treatment. The appropriate calculations to correct for 598 

cell loss during treatment are included in the TGs. In addition, for assays using RS as the 599 

measure of cytotoxicity, the cells used to determine the cloning efficiency immediately after 600 

treatment should be a representative sample from each of the respective untreated and treated cell 601 

cultures.  For the in vitro gene mutation assays, if the maximum concentration is based on 602 

cytotoxicity, the highest concentration should aim to achieve between 20 and 10% RTG for the 603 

MLA, and between 20 and 10% RS for the TK6, hprt and XPRT assays. The revised TGs 604 

indicate that care should be taken when interpreting positive results only found between 20 and 605 

10% RTG/RS and a result would not be considered positive if the increase in MF occurred only 606 

at or below 10% RTG/RS. 607 

 Selection of highest concentration tested for poorly soluble and/or non-cytotoxic 4.1.3608 

chemicals  609 

In this revision of the in vitro TGs, new recommendations are made for chemicals that are poorly 610 

soluble and/or non-cytotoxic. For poorly soluble test chemicals that are not cytotoxic at 611 

concentrations below the lowest insoluble concentration, and even if cytotoxicity occurs above 612 

the lowest insoluble concentration, it is required to test at only one concentration producing 613 

turbidity or with a visible precipitate because artefactual effects may result from the precipitate.  614 

Turbidity or a precipitate visible by eye, or with the aid of an inverted microscope, should be 615 

evaluated at the end of the treatment with the test chemical. Although it is not specifically 616 

included in the TGs, care should be taken in interpreting a positive result that is only seen at the 617 

precipitating concentration.    618 

Until the recent revision of the TGs, the recommended top concentration, in the absence of 619 

cytotoxicity/solubility issues, was 10 mM or 5000 µg/ml (whichever is lower). The 10 mM limit 620 
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was defined originally as a limit low enough to avoid artifactual increases in chromosome 621 

damage and/or mutations due to excessive osmolality and appeared high enough to ensure 622 

detection (Scott et al., 1991). Based on data from a number of independent reports (Goodman 623 

and Gilman, 2002; Kirkland et al., 2007, 2008; Parry et al., 2010; Kirkland and Fowler, 2010; 624 

Morita et al., 2012), there was unanimous agreement during the recent revision discussions that 625 

the top concentration could be lowered. The reduction should result in an improvement of the 626 

specificity of the tests without losing sensitivity. An analysis of the data set generated by Parry et 627 

al. (2010) suggests that 10 mM is still required to detect biologically relevant effects from lower 628 

molecular weight non-cytotoxic substances and that test sensitivity at 10 mM is more similar to 629 

2000 than to 5000 µg/ml (Brookmire et al., 2013). Based on extensive discussion, the decision 630 

was made that if toxicity and solubility are not limiting factors the combination 10 mM or 2000 631 

µg/ml, whichever is lower, represents the best balance between mM and µg/ml concentrations. A 632 

document was prepared that details the analysis that was conducted and provides the rationale for 633 

this new recommendation for top concentration (in the absence of cytotoxicity or issues of 634 

solubility) (OECD, 2014c). 635 

However, when the composition of the test substance is not defined [e.g. substance of unknown 636 

or variable composition, complex reaction products, biological materials (i.e. UVCBs), 637 

environmental extracts], the top concentration in the absence of sufficient cytotoxicity may need 638 

to be higher (e.g. 5 mg/ml) to increase the concentration of each of the components.  639 

TG 471 was not updated in the current round of revisions.  Therefore, the top concentration for 640 

the Ames test remains at 5000 µg/plate in the absence of cytotoxicity at lower concentrations or 641 

problems with pH or solubility.  642 

 Treatment duration and sampling time. 4.1.4643 

The treatment durations and sampling times for each of the in vitro assays is clarified in the 644 

revised/new TGs.  For both the chromosomal aberration and micronucleus assays, the cells 645 

should be exposed for 3 to 6 hours without and with metabolic activation.  The cells should be  646 

sampled for scoring at a time that is equivalent to about 1.5 normal cell cycle lengths after the 647 

beginning of treatment for the chromosomal aberration assay and 1.5 to 2.0 normal cell cycle 648 

lengths after the beginning of treatment for the micronucleus assay. In addition, an experiment 649 

should be conducted in which cells should be continuously exposed without metabolic activation 650 

until they are sampled at a time equivalent to about 1.5 normal cell cycle lengths for the 651 

chromosomal aberration assay and 1.5 to 2.0 normal cell cycle lengths for the micronucleus 652 

assay. The reason for the difference in sampling time for chromosomal aberration and 653 

micronucleus analysis is that more time is needed for the cells to divide so as to see micronuclei 654 

in the daughter cells. The gene mutation assays have different recommendations depending upon 655 

the locus used. For assays using the hprt or xprt gene, TG 476 indicates that 3 to 6 hours of 656 

exposure (both with and without metabolic activation) is usually adequate. For the tk gene (TG 657 

490), 3 to 4 hours of exposure (both with and without metabolic activation) is usually adequate. 658 

There is a new recommendation for the MLA that if the short-term treatment yields negative 659 

results and there is information suggesting the need for a longer treatment (e.g. nucleoside 660 

analogs or poorly soluble substances) that consideration should be given to conducting the test 661 
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with a longer treatment (i.e. 24 hours without S9). Consistent with the 1997 version of TG 476, 662 

there, is however, no requirement for the MLA that the longer treatment be routinely conducted 663 

if the short treatment is negative. Following treatment, the newly induced gene mutations require 664 

time to lose the normal enzyme (HPRT, XPRT or TK) before they can be successfully recovered 665 

as selective agent resistant colonies. Therefore, the cells are cultured for a period of time that has 666 

been shown to provide for optimal phenotypic expression.  For both hprt and xprt the 667 

recommendation is to allow a minimum of 7 to 9 days post treatment for expression. Newly 668 

induced tk mutants express much faster than hprt or xprt mutants and because the small 669 

colony/slow growing mutants have doubling times much longer than the rest of the cell 670 

population, their mutant frequency actually declines once they are expressed. Therefore, it is 671 

important that the recommended expression periods of 2 days (post treatment) for the MLA and 672 

2 to 3 days (post treatment) for TK6 are followed. 673 

 Concentration selection and minimum number of test concentrations/cultures  4.1.5674 

The revised/new in vitro TGs include updated recommendations on the selection and minimum 675 

number of test cultures meeting the acceptability criteria (appropriate cytotoxicity, number of 676 

cells, appropriate background frequency, etc) that should be evaluated. There is also additional 677 

guidance identifying situations where it may be advisable to use more than the minimum number 678 

of concentrations. The decision was made to continue to recommend at least three analysable test 679 

concentrations for the cytogenetic assays, and four for the in vitro gene mutations assays. For all 680 

assays, the solvent and positive control cultures are to be performed in addition to the minimum 681 

number of test substance concentrations. It is now recommended that, while the use of duplicate 682 

cultures is advisable, either replicate or single treated cultures may be used at each concentration 683 

tested. For the cytogenetic assays (as discussed further in Section 4.3) the most important point is 684 

that the total number of cells scored at each concentration should provide for adequate statistical 685 

power. Therefore, the results obtained for replicate cultures at a given concentration should be 686 

reported separately, but they must be pooled for data analysis. For test substances demonstrating 687 

little or no cytotoxicity, concentration intervals of approximately 2 to 3 fold will usually be 688 

appropriate. Where cytotoxicity occurs, concentrations should be selected to cover the 689 

cytotoxicity range from that producing the top level of cytotoxicity recommended for the 690 

particular assay (see Section 4.1.2) and including concentrations at which there is moderate and 691 

little or no cytotoxicity. Many test substances exhibit steep concentration response curves. 692 

Accordingly, in order to cover the whole range of cytotoxicity or to study the concentration 693 

response in detail, it may be necessary to use more closely spaced concentrations and more than 694 

three/four concentrations. It may also be useful to include more than three/four concentrations 695 

when single cultures are used, or when it is necessary to perform a repeat experiment.  696 

 Metabolic Activation  4.1.6697 

While some substances are reactive and able to directly interact with the DNA and to exert their 698 

genotoxic and/or mutagenic effects, many need to be metabolized and transformed into the 699 

reactive metabolites that interact with DNA. Unfortunately, most commonly used cell lines lack 700 

the ability to metabolize substances. The most commonly used activating system is the S9 701 

fraction prepared from the homogenized livers of rats pretreated with PCBs, or other agents, 702 
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which induce the P450 mixed function oxidase (“phase I”) system. This practice arose due to the 703 

prevalence of studies available in the 1970s suggesting that oxidative metabolism of pro-704 

mutagens to metabolites capable of nucleophilic covalent modification of DNA was the major 705 

source of concern. In the absence of practical alternatives, this remains the most common 706 

approach, particularly when screening compounds for which there are no preliminary data on 707 

which to base an alternative approach. Preparation of S9 liver homogenates from other animals is 708 

possible. Screening using mouse or hamster S9 was commonly performed, particularly in the 709 

older literature and continues to be acceptable substitutes for rat preparations. Human liver S9 710 

preparations are sometimes used (Cox et al., 2015). S9 fractions prepared from homogenates of 711 

other organs have been used, with kidney and lung being the most common reported in the 712 

literature. Metabolism other than phase I metabolism is required to metabolize some pro-713 

carcinogens to the mutagenic form.  For example, phase II sulfation of phase I oxidation 714 

products is known to activate some aromatic amines and alkenyl benzenes to carcinogenic 715 

metabolites. While the phase II enzymes are present in the S9 fraction, the co-factors required for 716 

phase II metabolism are generally not added because phase II metabolism is known to transform 717 

many phase I metabolites into non-mutagenic metabolites. Moreover, there are no widely 718 

accepted protocols for studying the genotoxicity of the products of other metabolic pathways. 719 

The use of metabolically competent cells (e.g. HepG2 liver cell lines) has been reported but there 720 

are no widely accepted protocols for their use. Use of non-standard metabolic systems is always 721 

appropriate provided scientific justification and appropriate control experiments are used. 722 

4.2 Issues specific to in vivo TGs  723 

 Dose Selection   4.2.1724 

Measurement of toxicity is used for two objectives: (1) to better define the doses to be used, and 725 

(2) to demonstrate sufficient exposure of the target tissues.  726 

4.2.1.1 Limit Dose  727 

If toxicity and solubility are not limiting factors, and if genetic toxicity is not expected based on 728 

data from structurally related substances, then use of a single dose at the limit dose may be 729 

sufficient. This limit dose is 2000 mg/kg bw/day for a treatment period of < 14 days and 1000 730 

mg/kg bw/day for a treatment period > 14 days. The limit dose was retained in the revised in vivo 731 

TGs in order to strike a balance between the need to prevent false negative results and the 732 

humane treatment of animals. 733 

4.2.1.2 Range-finding study  734 

Dose levels should be based on the results of a dose range-finding study measuring general 735 

toxicity which is conducted by the same route of exposure that will be used in the main 736 

experiment, or on the results of pre-existing sub-acute toxicity studies. It should be performed 737 

with due consideration to minimizing the number animals used. Substances with specific 738 

biological activities at low non-toxic doses (such as hormones and mitogens), and substances that 739 

exhibit saturation of toxicokinetic properties may be exceptions to the dose-setting criteria and 740 

should be evaluated on a case-by-case basis. The dose levels selected should cover a range from 741 

little or no toxicity up to the Maximum Tolerated Dose (MTD). 742 
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4.2.1.3 Maximum Tolerated Dose (MTD)   743 

When toxicity is the limiting factor, the top dose is usually the MTD, which is defined as the 744 

highest dose that will be tolerated without evidence of study-limiting toxicity such that higher 745 

dose levels, based on the same dosing regimen, would be expected to produce lethality or 746 

evidence of pain, suffering or distress necessitating humane euthanasia (OECD, 2000). The 747 

MTD is established in range-finding studies by measuring clinical effects and mortality, but it 748 

can also be identified from other toxicity studies in the same animal strain. In keeping with the 749 

3Rs principles, animal use in determination of the MTD should be minimized; accordingly, a 750 

tiered range-finding study is recommended. The study should start with the most likely dose to 751 

cause toxicity, using a small number of animals (e.g. 2 per sex). If the MTD is not defined, a 752 

further group of animals should be exposed to a higher or lower dose depending on the clinical 753 

effects of the first dose. This strategy should be repeated until the appropriate MTD is found. 754 

Animals should be monitored for clinical signs of distress and excess toxicity should be 755 

euthanatized prior to completion of the test period in this, and all other, phases of the compete 756 

study (OECD, 2000). 757 

4.2.1.4 Dosing and route of administration   758 

In general, the anticipated route of human exposure should be used; however, other routes of 759 

exposure (such as, drinking water, subcutaneous, intravenous, topical, inhalation, intratracheal, 760 

dietary, or implantation) may be acceptable where they can be justified. It should be noted that 761 

intraperitoneal injection is specifically listed as not recommended in the revised TGs because it 762 

is not a physiologically relevant route of human exposure. The maximum volume of liquid that 763 

can be administered by gavage or injection at one time depends on the size of the test animal. 764 

The volume should not exceed 2 mL/100g body weight. In rare cases, the use of volumes greater 765 

than this may be appropriate and should be justified. Except for irritating or corrosive substances, 766 

which will normally reveal exacerbated effects at higher concentrations, variability in test 767 

volume should be minimized by adjusting the concentration to ensure a constant volume at all 768 

dose levels. 769 

 Proof of exposure (bioavaiability)  4.2.2770 

One of the more complex issues in vivo genetic toxicology testing is the determination that target 771 

tissues have received sufficient exposure when negative results have been obtained, particularly 772 

for a non-toxic substance tested at the limit dose.  This information is required in order to 773 

establish that there has been sufficient exposure to a tissue (i.e. bioavailability) to justify a 774 

conclusion that the test chemical is non-genotoxic or /non-mutagenic.  775 

For studies investigating genotoxic effects in the blood, bone marrow, or other well-perfused 776 

tissues, indirect evidence of target tissue exposure is generally sufficient to infer tissue exposure. 777 

Examples are absorption, distribution, metabolism, and excretion (ADME) data collected in the 778 

current or a concurrent experiment, or from clinical signs (such as coloured urine, ataxia, etc.) 779 

However, due consideration should be given to the possibility that short-lived metabolites may 780 

not reach the tissue being investigated, even when the chemical or metabolites are present in the 781 

circulatory system (Cliet et al., 1993). In such cases, it may be necessary to actually determine 782 
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presence of test substance and/or metabolites in samples of the target tissue(s). Consequently, 783 

without the demonstration of bioavailability the value of a negative test is limited. If there is 784 

evidence that the test substance(s), or its metabolite(s) will not reach the target tissue it is not 785 

appropriate to use the particular in vivo test.  786 

Direct evidence of target tissue exposure may be obtained from signs of toxicity in the target 787 

tissue, from toxicokinetic measurements of the substance or its metabolites in the tissue, or 788 

evidence of DNA exposure. For the new TG 489 (comet assay), histopathological changes are 789 

considered a relevant measure of tissue toxicity. Changes in clinical chemistry measures, e.g. 790 

aspartate aminotransferase (AST) and alanine aminotransferase (ALT), can also provide useful 791 

information on tissue damage and additional indicators such as caspase activation, terminal 792 

deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) stain, Annexin V stain, etc. may 793 

also be considered. However, there are limited published data where the latter have been used for 794 

in vivo studies. 795 

Even though a substance may produce toxic effects during range-finding studies, adequate 796 

exposure to the target tissue(s) should also be demonstrated in the main test.  797 

 Tissue selection, duration of treatment and sampling time 4.2.3798 

The treatment duration is dependent on the requirements and limitations of each test endpoint, as 799 

well as the relationship to the intended, or presumed, exposure of the test substance, if there is a 800 

choice of treatment duration in the TG. Appendix A shows the durations of treatment and 801 

sampling times for the in vivo tests (other regimens can be used if justified scientifically).  In 802 

selecting exposure duration, it should be noted that gene mutations in transgenic animals can 803 

accumulate over time because the genes are “neutral”.  That is, the mutant cells are at neither a 804 

selective advantage nor disadvantage.  For the other endpoints, including chromosomal 805 

aberrations, micronucleus and DNA damage (Comet), the events are generally either repaired or 806 

eliminated through apoptosis, and, therefore, they do not accumulate over time and must 807 

measured shortly after administration.  For these latter endpoints, even when measured in 808 

experiments with chronic exposures, the events that are scored are those resulting only from the 809 

recent exposure and not the full duration of exposure.   810 

4.2.3.1 Chromosomal aberrations and micronuclei (TG 475, TG 474, TG 483)  811 

The selection of tissues for analysis of somatic chromosomal aberrations or micronuclei is fairly 812 

limited. Most historical studies have measured these endpoints in bone marrow or young blood 813 

reticulocytes. Methods for measurement of micronucleus induction in other tissues are being 814 

developed but are not currently described in these Test Guidelines (Uno 2015a and b). 815 

4.2.3.2 Transgenic rodent (TGR) gene mutations (TG 488)  816 

Mutations in transgenic rodents can be studied in any tissue from which sufficient DNA can be 817 

extracted. The rationale for selection of tissue(s) to be collected should be defined clearly. It 818 

should be based upon the reason for conducting the study together with any existing ADME, 819 

genetic toxicity, carcinogenicity or other toxicity data for the test substance under investigation. 820 

Important factors for consideration include the route of administration [based on likely human 821 
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exposure route(s)], the predicted tissue distribution and absorption, and the role of metabolism 822 

and the possible mechanism of action. Site of contact tissues relevant to the route of 823 

administration should be considered for sampling. If studies are conducted to follow up 824 

carcinogenicity studies, target tissues for carcinogenicity should be included. In the absence of 825 

any background information, tissues of potential interest should be collected.  Other tissues can 826 

be frozen for later analysis, if needed (thus, potentially eliminating the need for an additional 827 

animal experiment, in compliance with the 3Rs). Since the induction of gene mutations is 828 

dependent on cellular proliferation, a suitable compromise for the measurement of mutant 829 

frequencies in both rapidly and slowly proliferating tissues is 28 consecutive daily treatments 830 

with sampling 3 days after the final treatment (i.e. 28+3 protocol); although the maximum 831 

mutant frequency may not manifest itself fully in slowly proliferating tissues under these 832 

conditions. It is important to note that TG 488 states if slowly proliferating tissues are of 833 

particular importance, then a later sampling time of 28 days following the 28 day administration 834 

period may be more appropriate (Heddle et al., 2003; Thybaud et al., 2003). In such cases, the 835 

later sampling time would replace the 3 day sampling time, but this would require scientific 836 

justification.   837 

TG 488 notes that the 28+3 protocol may not be optimal for detection of mutations in 838 

spermatogonial stem cells, but can provide some coverage of cells exposed across the majority of 839 

phases of germ cell development, and may be useful for detecting some germ cell mutagens. 840 

Therefore, for tests focused on somatic tissues, it is recommended that, where possible, 841 

seminiferous tubules and spermatozoa from the cauda epididymis also be collected and stored in 842 

liquid nitrogen for potential future use.  843 

Accordingly, studies designed specifically to detect mutagenic effects in male germ cells require 844 

additional considerations. In such cases when spermatozoa from the cauda epididymis, and 845 

seminiferous tubules from the testes are collected, care should be taken to ensure that the 846 

treatment-sampling times are appropriate and allow the detection of effects in all germ cell 847 

phases. Currently, TG 488 specifies that (in addition to the 28+3 protocol) a 28+49 regimen 848 

should be included to provide the optimal time for collecting spermatozoa from the cauda 849 

epididymis that were stem cells at the time of treatment. This requirement doubles the number of 850 

animals required. Accordingly, research is now underway to establish a suitable single, 851 

compromise sampling time, such as the 28+28 regimen described above for slowly proliferating 852 

tissues that would be suitable for both somatic and male germline tissues. It is expected that this 853 

research will support a current OECD project directed at updating TG 488 in the near future. 854 

4.2.3.3 Comet assay (TG 489)  855 

DNA damage can be studied in most tissues using the comet assay provided that good quality 856 

cells or nuclei can be prepared. Proliferation is not required to reveal effects in the comet assay 857 

otherwise the discussion of tissue selection in the previous section also applies to the comet 858 

assay. However, care should be taken and ADME parameters considered when selecting the 859 

sampling time(s) as the DNA damage is rapidly repaired. A sampling time of 2-6 hr after the last 860 

treatment for two or more treatments, or at both 2-6 and 16-26 h after a single administration are 861 

specified in TG 489. In addition, there is no consensus among experts about the validity of the 862 
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use of tissue or cell suspensions that have been frozen rather than analyzed immediately after 863 

necropsy (Speit 2015). It should be noted that there is considerably less experience with the 864 

regulatory use of this test. Descriptions of current considerations are in an annex to the Test 865 

Guideline and can be expected to continue to appear in the published literature (e.g. see Speit 866 

2015).  867 

 Combination/integration of tests 4.2.4868 

There is a worldwide interest in reducing the use of experimental animals. In the spirit of the 3Rs 869 

principles, the combination of two or more endpoints in a single genetic toxicology study is 870 

strongly encouraged whenever possible, and when it can be scientifically justified. Examples of 871 

such test combinations are: 1) the in vivo bone marrow micronucleus test and liver comet assay 872 

(Hamada et al., 2001, Madrigal-Bujaidar et al., 2008, Pfuhler et al., 2009, Bowen et al., 2011); 873 

2) integration of genetic toxicology studies into repeated dose toxicity studies (Pfuhler et al., 874 

2009; Rothfuss et al., 2011); and 3) the bone marrow micronucleus test and the transgenic rodent 875 

gene mutation assay (Lemieux et al , 2011).   876 

Ideally, it would be best if all the assays being combined had similar treatment and sampling 877 

regimens (see Appendix A for treatment and sampling times). There are major considerations 878 

concerning the compatibility of test combinations with respect to these factors: 1) the effective 879 

length of the administration time; 2) the longevity of the genetic damage; and 3) the sampling 880 

time for the assays selected. For example, the micronucleus assay detects only damage that 881 

occurs in the 48 to 72 hr prior to tissue sampling if PCEs are examined, so, when combined with 882 

an assay using a 28 day sub-chronic administration time, the PCE/micronucleus assay will detect 883 

only micronuclei induced in the last few hours of the 28-day treatment. Furthermore, for the 884 

micronucleus combined with TGR assay, two sampling times would be needed to meet the 885 

sampling requirements of the MN and TGR assays. While this can be accomplished by drawing 886 

blood at 48 hr post-treatment for the flow cytometry MN assay and the killing the animals at 72 887 

hr for the TGR assay, it still does not overcome the issue of the difference in the total effective 888 

dose delivered for the MN assay vs. the transgene mutation assay.  A better alignment of doses 889 

can be accomplished when all assays in a test combination have the same effective “treatment 890 

window” and “endpoint enumeration window”, such as would be accomplished with the MN 891 

assay and the comet assay; however, there is still a compatibility issue with respect to sampling 892 

times. The possibility also exists to combine non-genotoxicity assays, such as the Repeated Dose 893 

Oral Toxicity Study (TG 407), with genotoxicity tests (preferably with the same treatment 894 

protocol), but compromises with respect to treatment and sampling times will still have to be 895 

made, since the oral toxicity test ends on day 28 and genetic toxicity tests require a sampling 896 

time after day 28. 897 

 Use of one or both sexes 4.2.5898 

In general, the response of genetic toxicology tests is similar between male and female animals 899 

(Hayashi et al., 1994) and, therefore, most studies using TG 474 and TG 475 could be performed 900 

in either sex. While TG 488 can be performed using either sex, males are used if germ cell 901 

effects are a consideration. Historically, most comet assay data were collected using only males. 902 
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There are no data examining sex differences in comet response.  Data demonstrating relevant 903 

differences between males and females (e.g. differences in systemic toxicity, metabolism, 904 

bioavailability, bone marrow toxicity, etc. observed in a range-finding study) would encourage 905 

the use of both sexes. When a genetic toxicology test is incorporated into a test in which both 906 

sexes are being exposed, an increased statistical power can be gained with little extra expense by 907 

analyzing tissue from both sexes. Where human exposure to chemicals may be sex-specific, as 908 

for example with some pharmaceuticals, the test should be performed with the appropriate sex. 909 

4.2.5.1  Factorial design 910 

In cases where both sexes are used, it is advantageous to use a factorial design for the study, 911 

because the analysis will identify interaction effects between sex and treatment, and, if there are 912 

no interaction effects, it will provide greater statistical power. Both TG 474 and 475 provide a 913 

detailed description for use and interpretation of factorial designed studies in Annex 2 of these 914 

TGs. 915 

 Weight/age range 4.2.6916 

The starting age range of animals (i.e. rodents) varies according to the TG; for the in vivo MN 917 

(TG 474), in vivo CA (TG 475), and in vivo comet (TG 489) assays, it is 6 to 10 weeks. For the 918 

TGR assay and the spermatogonial CA (SCA) assay, it is 8 to12 weeks to facilitate access to 919 

sufficient numbers of transgenic animals from relatively small breeding colonies (TGR), and 920 

allow time to reach sexual maturity (TGR and SCA). The Dominant Lethal Test (DLT, TG 478) 921 

specifies healthy and sexually mature male and female adult animals. 922 

4.3 Issues common to in vitro and in vivo TGs 923 

 Experimental design and statistical analysis considerations 4.3.1924 

As a part of the TG revision an extensive evaluation was undertaken to analyze how the selection 925 

of specific parameters impact the overall ability of the various tests to detect induced genetic 926 

damage. In particular, the analysis better defined an appropriate approach to using spontaneous 927 

background frequencies both for individual experiment acceptability and data interpretation, and 928 

to understand the impact of assay-specific background frequencies on the statistical power of the 929 

assay. This analysis was used to develop the new recommendations for the number of cells to be 930 

treated for the in vitro gene mutations assays and the number of cells to be scored for the 931 

cytogenetic tests (both in vitro and in vivo). A discussion of this analysis can be found in OECD 932 

documents (OECD, 2014b).    933 

Recommendations were included in the revised TGs to discourage over-reliance on p-values 934 

associated with the statistical significance of differences found by pair wise comparisons. 935 

Statistical significance based upon a particular p-value is relevant, but is only one of the criteria 936 

used to decide whether to categorize a result as positive or negative. For example, the confidence 937 

intervals around the means for the controls and the treated cultures/animals should also be 938 

evaluated and compared. One of the goals for the TG revision was to include recommendations 939 

that would insure that test results deemed to be positive would be based on biologically relevant 940 

responses. It had been proposed that in the revised OECD genetic toxicology guidelines, studies 941 
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should be designed to detect a doubling (or 2-fold increase) in the treated group responses over 942 

the negative control level. However, subsequent discussions revealed that the sample sizes 943 

needed to detect a doubling will depend upon the background level; for example, a doubling 944 

from 1% to 2% is a smaller absolute change than one from 3% to 6%. Defining the level of 945 

response required to achieve biological relevance, therefore, requires, an appreciation of the 946 

nature of the endpoint, consideration of the background (negative control) incidence and whether 947 

an absolute or relative difference versus negative control should be considered. These 948 

considerations are different for each of the assays and have been taken into account in the new 949 

recommendations found in the individual TGs.  950 

 Size of samples and statistical power: in vitro tests 4.3.2951 

The TGs were evaluated for and in some cases revised to increase the power of the various 952 

assays to detect biologically significant increases. For the in vitro gene mutation studies, where 953 

the cell is the experimental unit, power calculations showed that designs with relatively small 954 

numbers of cells per culture had low power to detect biologically relevant differences. For the 955 

cytogenetic tests, in order to reach an acceptable level of statistical power (conventionally 80%) 956 

to detect 2 to 3 fold changes would only be achievable if the number of cells scored were 957 

increased appreciably in some tests. For revisions to the recommendations for the in vitro 958 

cytogenetic tests, consideration was given both to both the ideal number of scored cells and to 959 

the technical practicalities of actually scoring that number of cells, particularly for the 960 

chromosome aberration test.    961 

TG 473 – In vitro mammalian chromosomal aberration test. 962 

The 1997 version of TG 473 indicated that at least 200 well-spread metaphases should be scored 963 

and that these could be equally divided among the duplicates (when duplicates were used) or 964 

from single cultures. Based on a desire to increase the power of the assay, yet not make the assay 965 

too technically impractical, the number of cells to be scored was increased in this revision to at 966 

least 300 metaphases to be scored per concentration and control. As before, when replicate 967 

cultures are used the 300 cells should be equally divided among the replicates. When single 968 

cultures are used per concentration at least 300 well spread metaphases should be scored in the 969 

single culture. Scoring 300 cells has the advantage of increasing the statistical power of the test 970 

and, in addition, zero values will be rarely observed (expected to be only 5%) (OECD, 2014b).  971 

It should be noted that the number of metaphases scored can be reduced when high numbers of 972 

cells with chromosome aberrations are observed and the test chemical considered as clearly 973 

positive.  974 

TG 487 – In vitro mammalian cell micronucleus test.  975 

Based on the statistical power evaluations, a decision was made not to alter the recommendations 976 

for scoring from those made in the 2010 version of TG 487. Therefore, for the in vitro 977 

micronucleus test, micronucleus frequencies should be analysed in at least 2000 binucleate cells 978 

per concentration and control, equally divided among the replicates, if replicates are used. In the 979 

case of single cultures per dose at least 2000 binucleate cells per culture should be scored in the 980 

single culture. If substantially fewer than 1000 binucleate cells per culture (for duplicate 981 
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cultures), or 2000 (for single culture), are available for scoring at each concentration, and if a 982 

significant increase in micronuclei is not detected, the test should be repeated using more cells, 983 

or at less cytotoxic concentrations, whichever is appropriate. When cytoB is used, a CBPI or an 984 

RI should be determined to assess cell proliferation using at least 500 cells per culture 985 

TG476- In vitro Mammalian Cell Gene Mutation Tests using the Hprt and xprt genes, and 986 

TG490 - In vitro mammalian cell gene mutation tests using the thymidine kinase gene.  987 

In the 1997 version of TG476, a general recommendation was made concerning the number of 988 

cells that should be used in all of the in vitro gene mutation assays. The TG indicated that the 989 

minimal number of viable cells surviving treatment and used in each stage of the test should be 990 

based on the spontaneous mutant frequency and that number of cells should be at least ten times 991 

the inverse of the spontaneous mutant frequency. Furthermore, at least 1 million cells were 992 

recommended. The revision to TG 476 and the new TG 490 continue to recommend that the 993 

minimum number of cells used for each test (control and treated) culture at each stage in the test 994 

should be based on the spontaneous mutant frequency. Emphasis is now, however, placed on 995 

assuring that there are a minimum number of spontaneous mutants that are maintained in all 996 

phases of the test (treatment, phenotypic expression and mutant selection). The expert workgroup 997 

chose to use the recommendation of Arlett et al., (1989) which states that a general guide is to 998 

treat and passage sufficient cells in each experimental culture so as to maintain at least 10 but 999 

ideally 100 spontaneous mutants.   1000 

For the MLA, the recommended acceptable spontaneous mutant frequency is between 35-140 x 1001 

10
-6 

(agar version) and 50-170 x 10
-6 

(microwell version). To have at least 10 and ideally 100 1002 

spontaneous mutants surviving treatment for each test culture, it is necessary to treat at least 6 x 1003 

10
6
 cells. Treating this number of cells, and maintaining sufficient cells during expression and 1004 

cloning for mutant selection, provides for a sufficient number of spontaneous mutants (10 or 1005 

more) during all phases of the experiment, even for the cultures treated at concentrations that 1006 

result in 90% cytotoxicity (as measured by an RTG of 10%) (Lloyd and Kidd, 2012; Mei et al., 1007 

2014; Schisler et al., 2013).  1008 

For the TK6, the spontaneous mutant frequency is generally between 2 and 10 x 10
-6

. To have at 1009 

least 10 spontaneous mutants surviving treatment for each culture it is necessary to treat at least 1010 

20 x 10
6
 cells. Treating this number of cells provides a sufficient number of spontaneous mutants 1011 

(10 or more) even for the cultures treated at concentrations that cause 90% cytotoxicity during 1012 

treatment (10% RS). In addition a sufficient number of cells must be cultured during the 1013 

expression period and plated for mutant selection (Honma and Hayashi 2011). 1014 

For the hprt assay, the spontaneous mutant frequency is generally between 5 and 20 x10
-6

. For a 1015 

spontaneous mutant frequency of 5 x10
-6

 and to maintain a sufficient number of spontaneous 1016 

mutants (10 or more), even for the cultures treated at concentrations that cause 90% cytotoxicity 1017 

during treatment (10% RS), it would be necessary to treat at least 20 x 10
6
 cells. In addition a 1018 

sufficient number of cells (but never less than 2 million) must be cultured during the expression 1019 

period and plated for mutant selection. 1020 
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 Size of samples and statistical power: in vivo tests 4.3.31021 

Sample sizes were also increased in the in vivo tests to increase the power to detect increases. 1022 

Statistical power increases with the number of cells scored and/or the number of animals per 1023 

group (OECD, 2014b). The challenge is to select these numbers to best achieve appropriate 1024 

statistical power while keeping cell numbers within practical limits, and avoiding excessive use 1025 

of animals.  With this goal in mind, most in vivo genetic toxicology TGs have been revised to 1026 

achieve enhanced statistical power. 1027 

TG 474 - Mammalian erythrocyte micronucleus test.  1028 

The previous version of this TG required the scoring of 2000 or more cells per animal (5 animals 1029 

per group).  Statistical analyses (Kissling et al., 2007; OECD, 2014b) have shown that in vivo 1030 

designs for micronuclei with n = 5 animals have the power to detect 2 to 3-fold effects with 80% 1031 

power based upon counts of about 4000 cells per animal when the background incidences are 1032 

relatively high (0.1% and higher). Accordingly, the revised TG 474 now recommends at least 1033 

4000 cell per animal. The power increases with higher background control incidences. However, 1034 

larger sample sizes, either as more animals and/or many more cells, would be needed to have 1035 

sufficient power to detect a 2-3 fold incidence when the background incidence is lower (i.e. 1036 

<0.05%).   1037 

TG 475 - Mammalian bone marrow chromosome aberration test.  1038 

For similar statistical reasons, the minimum number of cells has been increased from 100 to 200 1039 

cells per animal with 5 animals per group from the previous version of this TG. This sample size 1040 

is sufficient to detect at least 80% of chemicals which induce a 2-fold increase in aberrant cells 1041 

over the historical control level of 1.0% and above at the significance level of 0.05 (Adler et 1042 

al.,1998b).   1043 

TG 478 - Dominant lethal test.  1044 

The original version of TG 478 contained minimal information on the conduct of this test. The 1045 

revised TG 478 specifies that the number of males per group should be predetermined to be 1046 

sufficient (in combination with the number of mated females at each mating interval) to provide 1047 

the statistical power necessary to detect at least a doubling in dominant lethal frequency (e.g. 1048 

about 50 fertilized females per mating; formerly 30-50).  A detailed description of the 1049 

recommended statistical analysis is now provided in the TG. 1050 

TG 483 - Mammalian spermatogonial chromosomal aberration test. 1051 

For similar statistical reasons, the number of minimum number of cells in TG 483 has also been 1052 

increased from 100 to 200 cell per animal with 5 animals per group (Adler et al., 1994).   1053 

TG 489 - In vivo alkaline comet assay. 1054 

This new TG 489 specifies that for each sample (per tissue per animal), at least 150 cells 1055 

(excluding hedgehogs) should be analysed. Scoring 150 cells per animal in at least 5 animals per 1056 

dose (less in the concurrent positive control) provides adequate statistical power according to the 1057 

analysis of Smith et al. (2008). 1058 
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 Demonstration of laboratory proficiency and establishing an historical control 4.3.41059 

database 1060 

The revised OECD genotoxicity TGs now include a requirement for the demonstration of 1061 

laboratory proficiency. In consideration of the 3Rs, which place constraints on the use of 1062 

animals, the recommendations for demonstrating laboratory proficiency are different for in vitro 1063 

tests, for in vivo somatic tests, and for in vivo germ cell tests. It should be noted that the 1064 

recommended methods to establish proficiency do not apply to experienced laboratories that 1065 

have already been able to do so by building historical control databases of both positive and 1066 

negative controls. Also, as a part of demonstrating proficiency both initially and over time, the 1067 

new TGs introduce and recommend the concept of using quality control charts to assess the 1068 

historical control databases (see Section 4.3.4 for more information on control charts).  1069 

In order to establish sufficient experience with the test prior to using the test for routine testing 1070 

the laboratory should have performed a series of experiments using reference substances with 1071 

different mechanisms of action, showing that the laboratory can discriminate between negative 1072 

and positive substances, and detect positive substances acting via different mechanisms, and 1073 

requiring or not metabolic activation. TGs provide recommendations for the substances that 1074 

could be used for each test. 1075 

For in vitro and most somatic in vivo assays, a selection of positive (at least two in vivo) and 1076 

negative control substances should be investigated under all experimental conditions of the 1077 

specific test (e.g. short- and long-term treatments for in vitro assays, as applicable) and give 1078 

responses consistent with the published literature. It should be based on at least 10, but 1079 

preferably 20, experiments, that demonstrate that the assay conforms to published positive and 1080 

negative control norms (Hayashi et al., 2011). 1081 

For in vivo somatic TGs wherein multiple tissues can be used (e.g., the in vivo alkaline comet 1082 

assay and the transgenic rodent gene mutation assay) proficiency should be demonstrated in each 1083 

tissue that is being investigated. During the course of these investigations the laboratory establish 1084 

an historical database of positive and negative control values, as described in Section 4.3.4. 1085 

For the TGR and SCA assays and the DLT there is currently no explicit requirement to establish 1086 

an historical control database. However, competency should be demonstrated by the ability to 1087 

reproduce expected negative and positive control results from published data when conducting 1088 

any new study. The positive and negative control literature on the TGR assay has been compiled 1089 

and is readily available in an OECD Detailed Review Paper (OECD, 2009); however, since such 1090 

compiled sources are not available for the DLT and SCA assays, summaries of negative control 1091 

data for these assays are presented herein (Appendices B and C respectively).   1092 

The negative control values for percent resorptions in the DLT varies widely depending on the 1093 

parental strains used from 3.3 [(SECxC57BL)F1 x (C3Hx101)F1] to 14.3 [T-Stock x 1094 

(CH3x101)F1]. Thus, a recommended range for the negative control value cannot be easily 1095 

identified. Furthermore, some of the strains shown in Appendix B may not be generally 1096 

available; therefore, laboratories should choose an available strain with stable negative control 1097 

variability when planning to perform the DLT.  1098 
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The negative control values for the percent cells with chromosomal aberrations in the SCA assay 1099 

also varies among studies (Appendix C).  Based on the data in this Table, TG 483 states that the 1100 

recommended range for negative controls is >0 to ≤1.5 % of cells with chromosomal aberrations. 1101 

 Concurrent negative and positive controls 4.3.51102 

In addition to establishing laboratory competence, negative and positive historical control data 1103 

are important for assessing the acceptability of individual experiments, and the interpretation of 1104 

test data.  In particular, it is necessary to determine whether specific responses fall within or 1105 

outside the distribution of the negative control.  With the 3R principles in mind, the 1106 

recommendations for positive controls differ for in vitro and among various in vivo tests. 1107 

4.3.5.1 Concurrent negative controls 1108 

Negative control groups are important for providing a contemporaneous control group for use in 1109 

comparisons with the treated groups. This group can also be used to assess, whether the 1110 

experiment is of acceptable quality by comparison with a set of historical control groups.  1111 

Negative controls usually consist of solvent or vehicle treated cells or animals. They should be 1112 

incorporated into each in vitro and in vivo test and handled in the same way as the treatment 1113 

groups, except for not receiving treatment with the test chemical. If an unusual solvent or 1114 

vehicle, or a common solvent is being used at a greater than normal concentration, then inclusion 1115 

of untreated controls is required. This allows comparison of the solvent control response with the 1116 

untreated control and a judgment can be made regarding the acceptability of the solvent for use 1117 

in the test. In addition, it should be noted that when choosing a solvent or vehicle the decision 1118 

should be based on obtaining maximum solubility of the test material without interacting with 1119 

the test chemical and/or test system. 1120 

In order to reduce unnecessary animal usage for in vivo tests, if consistent inter-animal 1121 

variability and frequencies of cells with DNA damage are demonstrated by historical negative 1122 

control data at each sampling time for the testing laboratory, only a single sampling for the 1123 

negative control may be necessary. Where a single sampling is used for negative controls, it 1124 

should be the first sampling time used in the study.  1125 

4.3.5.2 Concurrent positive controls 1126 

The inclusion of concurrent positive controls (reference controls/well-known genotoxic 1127 

substances) is designed to demonstrate the effectiveness of a particular genetic toxicology test on 1128 

the day it is performed. Each positive control should be used at a concentration or dose expected 1129 

to reliably and reproducibly result in a detectable increase over background in order to 1130 

demonstrate the ability of the test system to efficiently detect DNA damage, gene mutations 1131 

and/or chromosomal aberrations depending on the test, and in the case of in vitro tests, the 1132 

effectiveness of the exogenous metabolic activation system. Therefore, positive control 1133 

responses (of both direct-acting substances and substances requiring metabolic activation) should 1134 

be observed at concentrations or doses that produce weak or moderate effects that will be 1135 

detected when the test system is optimized, but not so dramatic that positive responses will be 1136 

seen in sub-optimal test systems, and immediately reveal the identity of the coded samples to the 1137 
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scorer (i.e for tests using coded samples).  1138 

 In vitro tests 4.3.5.2.11139 

For each of the in vitro genetic toxicology tests, positive control substances should be assayed 1140 

concurrently with the test substance. Because in vitro mammalian cell tests for genetic toxicity 1141 

are sufficiently standardized, the use of positive controls may be confined to a substance 1142 

requiring metabolic activation.  Provided it is done concurrently with the non-activated test using 1143 

the same treatment duration, this single positive control response will demonstrate both the 1144 

activity of the metabolic activation system and the responsiveness of the test system. Longterm 1145 

treatment should, however, have its own positive control as the treatment duration will differ 1146 

from the test using metabolic activation. In the case of the in vitro micronucleus test, positive 1147 

controls demonstrating clastogenic and aneugenic activity should be included. For the gene 1148 

mutation tests using the tk locus, positive controls should be selected that induce both large and 1149 

small colony mutants.   1150 

 In vivo tests 4.3.5.2.21151 

For in vivo tests, a group of animals treated with a positive control substance should normally be 1152 

included with each test. In order to reduce unnecessary animal usage when performing a 1153 

transgenic rodent gene mutation, micronucleus, bone marrow chromosomal aberration, or 1154 

spermatogonial chromosomal aberration tests, this requirement may be waived when the testing 1155 

laboratory has demonstrated proficiency in the conduct of the test according to the criteria 1156 

described in the TG for each test. In such cases where a concurrent positive control group is not 1157 

included, scoring of “reference controls” (fixed and unstained slides, cell suspension samples, or 1158 

DNA samples from the same species and tissues of interest, and properly stored) must be 1159 

included in each experiment. These samples can be collected from tests during proficiency 1160 

testing or from a separate positive control experiment conducted periodically (e.g. every 6-18 1161 

months), and stored for future use. For the dominant lethal test, concurrent positive controls are 1162 

required until laboratories have demonstrated proficiency, and then they are not required.  1163 

Because of insufficient experience with the longevity of alkali labile DNA sites in storage, with 1164 

the comet assay, concurrent positive controls are always necessary. 1165 

Since the purpose of a positive control is primarily to demonstrate that the assay is functioning 1166 

correctly (and not to validate the route of exposure to the tested compound), it is acceptable that 1167 

the positive control be administered by a route different from the test substance, using a different 1168 

treatment schedule, and for sampling to occur only at a single time point.  1169 

4.3.5.3 Historical control distribution and control charts 1170 

Historical control data (both negative and positive) should be compiled separately for each 1171 

genetic toxicology test type, for each species, strain, tissue, cell type, treatment and sampling 1172 

time, route of exposure, as well as for each solvent or vehicle within each laboratory. All control 1173 

data of each individual genetic toxicology test, strain etc. during a certain time period (e.g. 5 1174 

years) or from the last tests performed (e.g. the last 10 or 20 tests) should initially be 1175 

accumulated to create the historical control data set. The laboratory should not only establish the 1176 

historical negative (untreated, vehicle) and positive control range but also define the distribution 1177 
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(e.g. Poisson distribution 95% control limits) as this information will be used for data 1178 

interpretation.  This set should be updated regularly. Any changes to the experimental protocol 1179 

should be considered in terms of their impact on the resulting data remaining consistent with the 1180 

laboratory’s existing historical control database.  Only major changes in experimental conditions 1181 

should result in the establishment of a new historical control database where expert judgement 1182 

determines that it differs from the previous distribution. Further recommendations on how to 1183 

build and use the historical data (i.e. criteria for inclusion and exclusion of data in historical data 1184 

and the acceptability criteria for a given experiment) can be found in the literature (Hayashi et 1185 

al., 2011). 1186 

According to the new and revised TGs laboratories should use quality control methods, such as 1187 

control charts. Control charts are plots of data collected over a period of time with horizontal 1188 

lines established to define the upper and lower bounds of the range of acceptable values for the 1189 

particular assay. Control charts are long-established and widely-used methods for quality control 1190 

laboratories to monitor the variability of samples and to show that their methodology is 'under 1191 

control' rather than drifting over time. They also provide a visual presentation of the variability 1192 

within a laboratory, which can help put any possible treatment-related effects into context. There 1193 

are many different types of control charts. Examples are I-charts for plotting individual values, 1194 

C-charts for plotting count data and Xbar-charts for plotting the means of groups of individuals 1195 

such as the individual units in a negative control group (OECD, 2014b) 1196 

Most major statistical software packages (e.g. SAS, SPSS, Stata, Genstat. Minitab. JMP) have 1197 

procedures for producing control charts and provide guides for using the procedures. There is 1198 

also much software specifically designed for quality control methodology in general. The 1199 

software language R has a package (qcc) which can produce control charts. In addition there are 1200 

a number of textbooks describing the methods (Ryan, 2011, Henderson, 2011, Montgomery, 1201 

2005 & Mulllins, 2003). The US National Institute of Standards and Technology  (NIST) has a 1202 

detailed online description and discussion of the methodology 1203 

(http://www.itl.nist.gov/div898/handbook/pmc/pmc.htm). There are also numerous online 1204 

discussion groups in areas related to Total Quality Management (TQM), Six-sigma methodology 1205 

and Statistical Process Control (SPC) that actively discuss issues in the Quality 1206 

Assurance/Control field. 1207 

4.3.5.4 Data interpretation and criteria for a positive/negative result 1208 

In revising the TGs, the expert workgroup gave extensive consideration to providing more 1209 

guidance than was given in the previous TGs for interpreting test data. As a result, several new 1210 

concepts are included in the revised/new TGs. Prior to considering whether a particular 1211 

experiment is positive or negative, it is important to ascertain whether that experiment is 1212 

properly conducted. Therefore, the revised TGs clarify the acceptance criteria for each assay. In 1213 

addition, guidance was developed to provide recommendations as to what defines a biologically 1214 

relevant positive result. Previous TGs indicated that positive responses should be biologically 1215 

relevant, but did not provide a means to determine biological relevance. The revised/new TGs 1216 

include three equal considerations when assessing whether a response is positive or negative.  1217 

First the test chemical response should be statistically different from the concurrent negative 1218 

http://www.itl.nist.gov/div898/handbook/pmc/pmc.htm
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controls. Second, the response should be concentration/dose related. Finally, a new concept, that 1219 

utilizes the historical negative control distributions, is introduced to provide for assessing 1220 

biological relevance. 1221 

 Individual test acceptability criteria 4.3.5.4.11222 

The revised TGs clarify recommendations for individual assay acceptability as follows.  1223 

 The concurrent negative control is considered acceptable for addition to the laboratory 1224 

historical negative control database, and/or is consistent with published norms (depending on 1225 

the assay).  1226 

 Concurrent positive controls induce responses that are compatible with those generated in the 1227 

laboratory’s historical positive control data base, and produce a statistically significant 1228 

increase compared with the concurrent negative control.  1229 

 For in vitro assays, all experimental conditions (based on the recommended treatment times 1230 

and including the absence and presence of metabolic activation) were tested unless one 1231 

resulted in clear positive results.  1232 

 Adequate number of animals/cells were treated and carried through the experiment or scored 1233 

(as appropriate for the individual test) 1234 

 An adequate number of doses/concentrations covering the appropriate dose/concentration 1235 

range is analysable.  1236 

 The criteria for the selection of top dose/concentration are consistent with those described in 1237 

the individual TGs.  1238 

Apart from the above criteria, MLA-specific acceptability criteria have been defined based on 1239 

the IWGT MLA expert workgroup’s (Moore et al., 2000; 2002; 2003; 2006) data evaluation for 1240 

several negative control data parameters. Consistent with the general approach to establishing 1241 

acceptability criteria for the revised genetic toxicology TGs, these recommendations are based 1242 

on distributions of a very large number of experiments from laboratories proficient in the 1243 

conduct of the MLA. There are also MLA-specific criteria for positive controls that assure good 1244 

recovery of both small and large colony mutants. The specific recommendations (i.e. acceptable 1245 

ranges for the main parameters) for the MLA are detailed in TG 490.  1246 

  Criteria for a positive/negative result 4.3.5.4.21247 

If a genetic toxicity test is performed according to the specific TG and all acceptability criteria 1248 

are fulfilled (as outlined above), the data can be evaluated as to whether the response is positive 1249 

or negative. The new TGs recognize it is important that chemicals determined to be positive 1250 

demonstrate biologically relevant increases that are concentration/dose related. As with the 1251 

acceptability criteria, the assessment of biological relevance  takes the distribution of the 1252 

negative control data into consideration (e.g. Poisson 95% control limits). 1253 
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For both in vitro and in vivo assays (with the exception of the MLA—see below) a response is 1254 

considered a clear positive in a specific test if it meets all the criteria below in at least one 1255 

experimental condition: 1256 

 at least one of the data points exhibits a statistically significant increase compared to the 1257 

concurrent negative control; 1258 

 the increase is concentration- or dose-related at least at one sampling time when evaluated 1259 

with an appropriate trend test; 1260 

 the result is outside the distribution of the historical negative control data (e.g. Poisson-based 1261 

95% control limits).  1262 

A test chemical is considered clearly negative if, in all experimental conditions examined, none 1263 

of the above criteria for a positive result are met.  1264 

Recommendations for the most appropriate statistical methods can be found in the literature 1265 

(Lovell et al., 1989; Kim et al., 2000). 1266 

For the MLA, the IWGT MLA expert workgroup recommendation for determination of a 1267 

biologically relevant positive result does not rely on statistical significant increases compared to 1268 

the concurrent negative control but on the use of a predefined induced mutant frequency (i.e. 1269 

increase in MF above concurrent control), designated the Global Evaluation Factor (GEF) which 1270 

is based on the analysis of the distribution of the negative control MF data from participating 1271 

laboratories (Moore et al., 2006). For the agar version of the MLA the GEF is 90 x 10
-6

, and for 1272 

the microwell version of the MLA the GEF is 126 x 10
-6

.   1273 

As outlined above, the revised/new TGs provide criteria for results that are clearly positive or 1274 

negative. If the response is neither clearly negative nor clearly positive the TGs recommend that 1275 

expert judgement be applied. Test results that do not meet all the criteria may also be judged to 1276 

be positive or negative without further experimental data, but they need to be evaluated more 1277 

closely before any final conclusion is reached.  If, after the application of expert judgement, the 1278 

results remain inconclusive (perhaps as a consequence of some limitation of the test or procedure) 1279 

they should be clarified by further testing preferably using modification of experimental 1280 

conditions (e.g. other metabolic activation conditions, length of treatment, sampling time, 1281 

concentration spacing etc.) 1282 

For all of the tests covered in the genetic toxicology TGs, there is no requirement for verification 1283 

of a clear positive or negative response.  1284 

In rare cases, even after further investigations, the data set will preclude a definitive positive or 1285 

negative call. Therefore the test chemical response should be concluded to be equivocal 1286 

(interpreted as equally likely to be positive or negative). 1287 

4.3.5.5 Substances that require specific approaches 1288 

There are some substances, such as nanomaterials, complex mixtures, volatiles, aerosols and 1289 

gases, that require special modifications of the TGs in order to: 1) properly characterize the test 1290 

material, 2) adequately expose the cells/animals; 3) conduct an adequate test; and 4) to properly 1291 
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interpret the test data.  Guidance for special modifications are not described in the TG, but can be 1292 

found in X, Y, and Z.  1293 

4.3.5.6 Test batteries, weight of the evidence and interpretation of data    1294 

The OECD TGs provide recommendations on how to conduct the various genetic toxicology 1295 

tests. However, in some cases, regulatory authorities have recommended modifications to 1296 

specific guidelines appropriate for specific product types, e.g. ICH (International Conference on 1297 

Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use). 1298 

The OECD TGs do not make any specific recommendations as to which tests to use in a test 1299 

battery.  Regulatory agencies publish their recommendations and they should be consulted prior 1300 

to initiating testing.  Generally, the recommended genetic toxicology test batteries include tests 1301 

to detect both gene mutations and structural as well as numerical chromosomal damage in both 1302 

in vitro and in vivo tests; however, more recently, in some jurisdictions the emphasis has been on 1303 

using only in vitro (and no, or fewer, in vivo) tests.  1304 

There are several publications that provide basic information on using genetic toxicology 1305 

information for regulatory decisions (Dearfield and Moore, 2005; etc). In addition there have 1306 

been expert workgroup discussion concerning appropriate follow-up testing strategies both from 1307 

chemicals found to be positive in vitro tests and/or in vivo tests (Dearfield et al., 2011; Thybaud 1308 

et al., 2007; Thybaud et al., 2011; Tweats et al., 2007; etc).   1309 

It is important to emphasize that the results from the different assays are not (and should not be) 1310 

evaluated in isolation. The amount of data available for a weight of evidence evaluation will vary 1311 

enormously, particularly among different product categories. Data-rich packages prepared for 1312 

drug or pesticide regulations may permit analyses that would be impossible for substances 1313 

involving other uses for which less data are available.  1314 
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6 APPENDIX A. TREATMENT AND SAMPLING TIMES FOR IN VIVO GENETIC TOXICOLOGY 1803 

TGS IN MICE (THE APPLICABLE TGS SHOULD BE CONSULTED FOR MORE DETAILED 1804 

INFORMATION). 1805 

Test Treatment Sampling 

TG 474 (mammalian erythrocyte 

micronucleus):  

Single Bone Marrow: at least 

2x, 24 - 48 hr after 

treatment 

Peripheral Blood: at 

least 2x, 36 - 72 hr 

after treatment 

2 daily  BM: once 18 - 24 hr 

after treatment 

PB: at leas once 36 -

48 hr after treatment 

3 or more daily BM: 24 hr after 

treatment 

PB: 40 hr after 

treatment 

TG 475 (mammalian bone marrow 

chromosome aberration):  

Single 2x: first; 1.5 cell cycle lengths after treatment; 

second, 24 hr later 

TG 478 (Rodent dominant lethal):  1-5 daily 8 (mouse) or 10 (rat) weekly matings 

following  last treatment 

28 daily 4 (mouse) weakly matings following last 

treatment 

TG 483 (Mammalian spermatogonial 

chromosome aberration):  

Single Highest dose: 2x, 24 and 48 hr after treatment 

Other doses: 1x, 24 hr after treatment 

Extended regimens can be 

used (e.g. 28 daily) 

Same as for single treatment 

TG 488 (transgenic rodent somatic 

and germ cell gene mutation):  

28 daily Somatic tissues: 3 days following treatment: 

however, for slowly dividing tissues longer 

sampling times (e.g. 28 days) may be used. 

Germ Cells: seminiferous tubule cells, 3 days; 

sperm: 49 days. 

TG 489 (mammalian comet) Single 2-6 hr and 26 hr after treatment 

2 or more daily 2-6 hr after treatment 

1806 
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7 APPENDIX B.  COMPILATION OF PUBLISHED NEGATIVE (VEHICLE) CONTROL DATA FOR 1807 

THE DOMINANT LETHAL TEST 1808 

 1809 

Female Strain Male Strain 

No. of 

Females 

Total 

implantations 

Total 

Resorptions 

% 

Resorptions 
St Dev 

Reference 

(101xC3H)F1 (101xC3H)F1 331 2441 189 7.7 3.0 Generoso et al (1982)  

(101xC3H)F1 (101xC3H)F1 
294 3366 267 7.9 1.3 

Ehling & Neuhauser-Klaus 

(1989)  

(101xC3H)F1 (101xC3H)F1 
540 5830 581 10.0 1.0 

Ehling & Neuhauser-Klaus 

(1988)  

(101xC3H)F1 (101xC3H)F1 169 1266 117 9.3 2.4 Ehling et al (1968)  

(101xC3H)F1 (101xC3H)F1 304 2123 148 7.0 3.3 Generoso et al (1975)  

(101xC3H)F1 (101xC3H)F1 506 5375 490 9.1 1.1 Ehling (1971)  

    2582 25175 2206 8.81 1.1 Ehling (1971) 

                

(102xC3H)F1 (102xC3H)F1 116 1221 98 8.0 2.8 Adler et al (1998)  

(102xC3H)F1 (102xC3H)F1 494 5467 466 8.5 1.6 Adler et al (2002)  

(102xC3H)F1 (102xC3H)F1 
349 3965 359 9.0 1.7 

Ehling & Neuhauser-Klaus 
(1995)  

(102xC3H)F1 (102xC3H)F1 
353 4059 350 8.6 1.2 

Ehling & Neuhauser-Klaus 

(1995)  

(102xC3H)F1 (102xC3H)F1 229 2665 257 9.6 2.2 Adler et al (1995)  

(102xC3H)F1 (102xC3H)F1 
341 3921 403 10.3 1.9 

Ehling & Neuhauser-Klaus 
(1991)  

(102xC3H)F1 (102xC3H)F1 
589 6528 525 8.0 1.3 

Ehling & Neuhauser-Klaus 

(1991)  

    
2920 32764 2851 8.71 0.8 

Ehling & Neuhauser-Klaus 
(1991) 

                

(C3Hx101)F1 (C3Hx101)F1 90 704 44 6.3 1.5 Shelby et al (1986)  

(C3Hx101)F1 (101xC3H)F1 50 407 34 8.5 2.2 Generoso et al (1982)  

    140 1111 78 7.01 1.6 Generoso et al (1982) 

                

(C3HxC57BL)F1 (101xC3H)F1 67 713 47 6.6 0.9 Generoso et al (1982) 163 

                

BALB/c BALB/c 24 181 54 29.8 10.1 Lovell et al (1987)  

BALB/c BALB/c 60 562 25 4.4 1.2 Blaszkowska (2010)  

                

B6CF1 Various 129 1296 71 5.5 4.3 Bishop et al (1983)  

                

B6C3F1 Various 128 1224 53 4.3 1.2 Bishop et al (1983)  

B6C3F1 (101xC3H)F1 388 4340 183 4.2 2.0 Witt et al (2003)  

B6C3F1 (101xC3H)F1 91 957 46 4.6 0.1 Witt et al (2003)  

B6C3F1 (101xC3H)F1 168 1855 89 4.8 0.6 Sudman et al (1992)  

B6C3F1 B6C3F1 290 2846 134 3.1 1.7 Kligerman et al (1994)  

    1065 11222 505 4.51 0.7 Kligerman et al (1994) 

                

CBB6F1 CBB6F1 45 461 45 9.8 4.6 Lovell et al (1987)  

                

CBA/Ca CBA/Ca 24 198 23 11.6 1.1 Lovell et al (1987)  

                

C57BL/6J DBA/2J 129 1115 67 6.0 3.1 Barnett et al (1992)  
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C57BL/6J DBA/2J 199 1832 118 6.4 2.6 Barnett & Lewis (2003)  

C57BL/6J C57BL/6J 42 329 52 15.81   Rao et al (1994)  

    370 3276 237 7.21 5.5 Rao et al (1994) 

                

CD-1 CD-1 46 572 37 6.5   Anderson et al (1998)  

CD-1 B6C3F1 178 1983 131 6.6 3.1 Dunnick et al (1984)  

CD-1 CD-1       3.6 0.7 Guo et al (2005) Environ   

CD-1 CD-1 447 5217 299 5.7 1.7 Anderson et al (1976)  

CD-1 CD-1 323 4035 289 7.2 0.7 Anderson et al (1976)  

CD-1 CD-1 702 8575 523 6.1 0.9 Anderson et al (1977)  

              Anderson et al (1981)  

    1696 20382 1279 6.31 1.3 Anderson et al (1981) 

                

(SECxC57BL)F1 (C3Hx101)F1 39 359 8 2.2   Shelby et al (1986)  

(SECxC57BL)F1 (C3Hx101)F1 733 7098 260 3.7 2.3 Generoso et al (1995)  

(SECxC57BL)F1 (C3Hx101)F1 615 5883 198 3.4 1.3 Generoso et al (1988)  

(SECxC57BL)F1 (C3Hx101)F1 386 4021 115 2.9 1.1 Generoso et al (1996)  

(SECxC57BL)F1 (C3Hx101)F1 288 2969 91 3.1 1.3 Shelby et (1991)  

(SECxC57BL)F1 (101xC3H)F1 50 514 20 4.0 1.5 Generoso et al (1982)  

(SECxC57BL)F1 (101xC3H)F1 200 2111 55 2.6 1.7 Sudman et al (1992)  

    2311 22955 747 3.31 0.6 Sudman et al (1992) 

                

NMRI (102xC3H)F1 103 1535 93 6.1 1.3 Adler et al (1998)  

NMRI NMRI 137 1692 83 4.9 0.5 Lang & Adler (1977)  

    240 3227 176 5.51 0.8 Lang & Adler (1977) 

                

Swiss Albino Swiss Albino 243 2693 282 10.5 1.3 Attia (2012) Arch  

Swiss Albino Swiss Albino 243 2672 274 10.3 1.0 Attia (2012) Arch  

Swiss Albino Swiss Albino 322 3541 357 10.1 1.3 Attia et al (2015)  

    808 8906 913 10.11 0.2 Attia et al (2015) 

                

Swiss Swiss 275 2804 164 5.8 1.2 Rao et al (1994)  

Swiss C57BL 71 722 32 4.4 1.7 Rao et al (1994)  

Swiss CBA 76 710 26 3.7 2.5 Rao et al (1994)  

    422 4236 222 3.71 1.1 Rao et al (1994) 

                

T-Stock (CH3x101)F1 755 6851 1125 16.4 3.1 Shelby et al (1986)  

T-Stock (CH3x101)F1 822 7713 935 12.1 2.6 Generoso et al (1995)  

T-Stock (CH3x101)F1 323 3116 472 15.2 2.6 Shelby et al (1991)  

    1900 17680 2532 14.31 2.2 Shelby et al (1991) 
 1 weighted mean 1810 

1811 
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8 APPENDIX C. COMPILATION OF PUBLISHED NEGATIVE (VEHICLE) CONTROL DATA FOR 1812 

THE MOUSE SPERMATOGONIAL CHROMOSOMAL ABERRATION TEST. 1813 

 1814 

No. 

of 

mice 

Strain No. of 

cells 

No of aberration/cell x 100 No. of 

aberrations/

cell x 100 

(excluding 

gaps) 

% 

aberrant 

cells  

(excluding 

gaps) 

Ref. 

   Gaps Chromatid type Chromosome type    

    Breaks Exchanges Breaks Exchanges    

24 (101x C3H)F1 1600 0.56 0.13 0 0 0 0.13 0.13 1 Adler, 1982 

28 (101x C3H)F1 1400 0.79 0.14 0 0 0 0.14 0.14 1 Adler, 1982 

10 (101x C3H)F1 20,000 0.63 0.14 0.005 0 0 0.15 0.15 1 Adler, 1982 

4 (101x C3H)F1 400 0 0 0 0 0 0 0 1 Adler, 1982 

35 (101 x C3H)F1 1750 0.97 0.11 0 0 0 0.11 0.11  2 Adler, 1974 

6 CD1 700 NR 0.54 0 0 0 0.54 NR 3 Luippold, 1978 

1 CBA 300 NR 0.33 0 0 0 0.33 0.33 4 Tates and Natarajan, 

1976 

2 Swiss 250 NR  0 0 0 0 0 0 5 vanBuul and 

Goudzwaard, 1980 

6 (101 x C3H)F1 600 6.0 0.5 0 0 0 0.50 0.5 6 Adler and El-Tarras 

6 (102 x C3H)F1 600 5.0 0.83 0 0 0 0.83 0.83 7 Ciranno and Adler, 1991 

20 Balb/c 2000 0.05 0.05 0 0 0 0.05 0.05 8 Hu and Zu, 1990 

5 Kun-Ming 250 0 0.4 0 0 0 0.40 0.4 9 Zhang et al., 1998 

7 Kun-Ming 350 0.29 0.29 0 0 0 0.29 0.29 10 Zhang et al., 2008 

6 Swiss 274 3.65 1.46 0 0 0 1.46 1.46 11,12,13 * Palo et al., 

2011;  

Palo et al., 2009, Palo et 

al., 2005 

5 Swiss 1000 4.9 1.20 0 0 0 1.20 1.20 14 Ciranno et al., 1991 

6 NMRI 300 0.33 0.33 0 0 0 0.33 0.33 15 Rathenberg, 1975 

8 (101 x C3H)F1 800 0 0 0 0 0 0 0 16 Mltenburger, 1978 

6 A-AJAX 560 0.90 0 0 0 0 0 0 16 Mltenburger, 1978 

32 NMRI 3200 0.34 0.13 0 0 0 0.13 0.13 16 Mltenburger, 1978 

* These three papers report the same control data. NR: Not reported 1815 

 1816 

1817 
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9 APPENDIX D.  DEFINITIONS 1818 

Administration period: the total period during which an animal is dosed. 1819 

Aneugen: any substance or process that, by interacting with the components of the mitotic and 1820 

meiotic cell division cycle, leads to aneuploidy in cells or organisms. 1821 

Aneuploidy: any deviation from the normal diploid (or haploid) number of chromosomes by a 1822 

single chromosome or more than one, but not by entire set(s) of chromosomes (polyploidy). 1823 

Apoptosis: programmed cell death t r iggered  by DNA damage and  characterized by a 1824 

series of steps leading to the disintegration of cells into membrane-bound particles that are 1825 

then eliminated by phagocytosis or by shedding. It is a reliable marker for DNA damage 1826 

(genotoxicity), but only when it can be differentiated from other types of necrosis. 1827 

Base pair substitution: A gene mutation characterized by the substitution of one base pair for 1828 

another in the DNA. 1829 

Cell proliferation: the increase in cell number as a result of mitotic cell division. Reduction in 1830 

cell proliferation is generally considered cytotoxicity, a key parameter in genotoxicity assays.  1831 

Centromere: the DNA region of a chromosome where both chromatids are held together and 1832 

on which both kinetochores are attached side-to-side. 1833 

Chromatid break: structural chromosomal damage consist ing of a discontinuity of a 1834 

single chromatid in which there is a clear misalignment of one of the chromatids. 1835 

Chromatid gap: non-staining region (achromatic lesion) of a single chromatid in which there 1836 

is minimal misalignment of the chromatid. 1837 

Chromatid-type aberration: structural chromosome damage expressed as breakage of single 1838 

chromatids or breakage and reunion between chromatids. 1839 

Chromosome-type aberration:  structural chromosome damage expressed as breakage, or 1840 

breakage and reunion, of both chromatids at an identical site.  1841 

Chromosome diversity: diversity of chromosome shapes (e.g. metacentrique, acrocentriques, 1842 

etc.) and sizes. 1843 

Clastogen: a substance which causes structural chromosomal aberrations in populations of cells 1844 

or organisms. 1845 

Clonal expansion: the production by cell division of many cells from a single (mutant) cell. 1846 

Cloning efficiency: The percentage of cells plated in a mammalian cell assay  that are able to grow 1847 

into a colony that can be counted. 1848 

Comet: The shape that nucleoids adopt after submitted to one electrophoretic field: the head is 1849 

the nucleus and the tail is constituted by the DNA migrating out of the nucleus in the electric 1850 

field. The shape resembles a comet. 1851 

Concentrations: The final amount of the test chemical in culture medium. 1852 

Critical variable/parameter: A protocol variable for which a small change can have a large 1853 

impact on the conclusion of the assay. Critical variables can be tissue-specific. Critical variables 1854 

should not be altered, especially within a test, without consideration of how the alteration will 1855 
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alter an assay response, for example as indicated by the magnitude and variability in positive and 1856 

negative controls. The test report should list alterations of critical variables made during the test 1857 

or compared to the standard protocol for the laboratory and provide a justification for each 1858 

alteration. 1859 

Cytokinesis: the process of cell division immediately following mitosis to form two daughter 1860 

cells, each containing a single nucleus. 1861 

Cytokinesis-block proliferation index (CBPI): A measure of cell proliferation consisting of 1862 

the proportion of second-division cells in the treated population relative to the untreated 1863 

control). 1864 

Cytotoxicity: Cytotoxicity is defined for each specific test (see individual TGs). 1865 

Deletion: a gene mutation in which one or more (sequential) nucleotides is lost by the genome. 1866 

Dominant lethal mutation: a mutation occurring in a germ cell, or is fixed after fertilization, 1867 

that causes embryonic or foetal death. 1868 

Endoreduplication:  a process in which after an S period of DNA replication, the nucleus does 1869 

not go into mitosis but starts another S period. The result is chromosomes with 4, 8, 16, 1870 

...chromatids. 1871 

Erythroblast: An early stage of erythrocyte development, immediately preceding the immature 1872 

erythrocyte, where the cell still contains a nucleus. 1873 

Fertility rate: the number of mated pregnant female over the number of mated females. 1874 

Forward mutation: a gene mutation from the parental type to the mutant form which gives rise to 1875 

an alteration of the activity or the function of the encoded protein.  1876 

Frameshift mutation: A gene mutation characterized by the addition or deletion of single or 1877 

multiple base pairs in the DNA molecule. 1878 

Gap: an achromatic lesion smaller than the width of one chromatid, and with minimum 1879 

misalignment of the chromatids. It is not considered a reliable marker of structural chormomal 1880 

damage because it can be observed after non-genotoxic treatments. 1881 

Genotoxic: a general term encompassing all types of DNA or chromosomal damage, including 1882 

DNA breaks, adducts, rearrangements, mutations, chromosome aberrations, and aneuploidy. Not 1883 

all types of genotoxic effects result in mutations or stable (transmissible) chromosomal damage. 1884 

Insertion: A gene mutation characterized by the addition of one or more nucleotide base pairs 1885 

into a DNA sequence. 1886 

Interphase cells: cells not in the mitotic stage. 1887 

Kinetochore: a protein-containing structure that assembles at the centromere of a chromosome 1888 

to which spindle fibers associate during cell division, allowing orderly movement of daughter 1889 

chromosomes to the poles of the daughter cells. 1890 

Large deletions: deletions in DNA of more than several kilobases. Gene mutation assays vary in 1891 

their ability to detect large deletions. 1892 

Mating interval: the time between the end of exposure and mating of treated males. By 1893 

controlling this interval, chemical effects on different germ cell types can be assessed. Effects 1894 
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originating in testicular sperm, condensed spermatids, round spermatids, pachytene 1895 

spermatocytes, early spermatocytes, dividing spermatogonia, and stem cell spermatogonia are 1896 

detected at various times after mating. 1897 

Micronuclei: Small fragments of nuclear chromosomes, separate from and additional to the 1898 

main nuclei of cells, produced during telophase of mitosis (meiosis) by lagging chromosome 1899 

fragments or whole chromosomes.. 1900 

Mitogen: a chemical substance that stimulates a cell to commence cell division, triggering 1901 

mitosis (i.e. cell division). 1902 

Mitotic index:  A measure of the proliferation status of a cell population consisting of the ratio 1903 

between the number of cells in mitosis and the total number of cells in a population, which. 1904 

Mitosis: division of the cell nucleus usually divided into prophase, prometaphase, metaphase, 1905 

anaphase and telophase. 1906 

Mitotic recombination: During mitosis, recombination between homologous chromatids possibly 1907 

resulting in the induction of DNA double strand breaks or in a loss of heterozygosity. 1908 

Mutagen: a chemical that induces genetic events that alter the DNA and/or chromosomal 1909 

structure and that are passed to subsequent generations through clonal expansion.  1910 

Mutant frequency (MF): the number of mutant colonies observed divided by the number of cells 1911 

plated in selective medium, corrected for cloning efficiency (or viability) at the time of selection. 1912 

Mutation frequency:  The frequency of independently generated mutations. Generally calculated 1913 

as the number of observed independent mutations divided by the number of cells that are 1914 

evaluated for the presence of mutations. In the context of the TGs it is used for the transgenic 1915 

mutation assays in which mutants are sequenced and the mutant frequency is corrected based on 1916 

the number of mutants found to be siblings (from clonal expansion).   1917 

Non-disjunction: A chromosomal aberration characterized by failure of paired chromatids to 1918 

disjoin and properly segregate to the developing daughter cells, resulting in daughter cells with 1919 

abnormal numbers of chromosomes. 1920 

Normochromatic or mature erythrocyte: A fully matured erythrocyte that has lost the residual 1921 

RNA that remains after enucleation and/or has lost other short-lived cell markers that 1922 

characteristically disappear after enucleation following the final erythroblast division. 1923 

Numerical aberration: A chromosomal aberration consisting of a change in the number of 1924 

chromosomes from the normal number characteristic of the animals utilised (aneuploidy). 1925 

Phenotypic expression time: The time after treatment during which the genetic alteration is 1926 

fixed within the genome and any preexisting gene products are depleted to the point that the 1927 

phenotypic trait is altered and, therefore, can be enumerated using a selective drug or procedure. 1928 

Polychromatic or immature erythrocyte: A newly formed erythrocyte in an intermediate stage 1929 

of development.  It stains with both the blue and red components of classical blood stains such as 1930 

Wright’s Giemsa because of the presence of residual RNA in the newly-formed cell. Such newly 1931 

formed cells are approximately the same as reticulocytes, which are visualised using a vital stain 1932 

that causes the residual RNA to clump into a reticulum. Other methods, including 1933 

monochromatic staining of RNA with fluorescent dyes or labeling of short-lived surface markers 1934 

such as CD71 with fluorescent antibodies, are now often used to identify the immature 1935 
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erythrocyte. Polychromatic erythrocytes, reticulocytes, and CD71-positive erythrocytes are all 1936 

immature erythrocytes, though each has a somewhat different developmental distribution. 1937 

Polyploidy: A numerical chromosomal aberration consisting of a change in the number of the 1938 

entire set of chromosomes, as opposed to a numerical change in part of the chromosome set (cf. 1939 

aneuploidy). 1940 

Postimplantation loss: the ratio of dead implant in the treated group compared to the ratio of 1941 

dead to total implants in the control group. 1942 

Preimplantation loss: the difference between the number of implants and the number of corpora 1943 

lutea. It can also be estimated by comparing the total implants per female in treated and control 1944 

groups. 1945 

Reticulocyte: A newly formed erythrocyte stained with a vital stain that causes residual cellular 1946 

RNA to clump into a characteristic reticulum. Reticulocytes and polychromatic erythrocytes 1947 

have a similar cellular age distribution. 1948 

Relative cell counts (RCC): measure of cell proliferation consisting of a simple ratio of cells at 1949 

the beginning and end of treatment. Revised TGs discourage using this as a measure of 1950 

cytotoxicity. 1951 

Relative increase in cell count (RICC): A measure of cell proliferation based on the doubling 1952 

frequency of the cells. 1953 

Relative population doubling (RPD): A measure of cell proliferation based on the doubling 1954 

frequency of the cells . 1955 

Relative survival (RS): RS is used as the measure of treatment-related cytotoxicity.  RS is cloning 1956 

efficiency (CE) of cells plated immediately after treatment adjusted by any loss of cells during 1957 

treatment as compared with cloning efficiency in negative controls (assigned a survival of 100%).  1958 

Replication index (RI):  A  m e a s u r e  o f  c e l l  p r o l i f e r a t i o n  c o n s i s t i n g  o f  the 1959 

proportion of cell division cycles completed in a treated culture, relative to the untreated 1960 

control, during the exposure period and recovery.  1961 

S9 liver fractions: supernatant of liver homogenate after 9000g centrifugation, i.e., raw liver 1962 

extract. 1963 

S9 mix: mix of the liver S9 fraction and cofactors necessary for cytochrome p450 metabolic 1964 

enzyme activity. 1965 

Solvent control: General term to define the negative control cultures receiving the solvent alone 1966 

used to dissolve the test substance.  1967 

Structural chromosomal aberration: a change in chromosome structure detectable by 1968 

microscopic examination of the metaphase stage of cell division, observed as deletions and 1969 

fragments, intrachanges or interchanges. 1970 

Untreated control: cultures that receive no treatment (i.e. neither test chemical nor solvent) but 1971 

are processed concurrently and in the same way as the cultures receiving the test chemical. 1972 


