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DATA  INTERPRETATION  CRITICAL FACTORS

Experimental Protocol 

� GLP compliance

� Experimental protocol: deviation from the guidelines 

� Test compound: characterization, dilution (solvent, culture medium,     

limits in solubility)

� The solvent/vehicle should not:

� react with the test substance, 

� be incompatible with the survival of the cells or with the 

maintenance of S9 activity at the concentration used. 

Common solvents: water, dimethyl sulfoxide, any other without genotoxic

activity.  1% in culture medium.



DATA  INTERPRETATION  CRITICAL FACTORS

Experimental Protocol

� Controls

negative (solvent)

positive (list of known mutagens for each specific endpoint)

historical controls 

�Exposure concentrations

range of dosesrange of doses

highest concentration  toxic effects

If no cytotoxicity or precipitate is observed, the highest test concentration 

should correspond to 0.01 M, 5 mg/mL or 5 µl/mL, 

For test substances that exhibit a steep concentration-response curve, it 

may be necessary to more closely space the test substance 

concentrations so that cultures in the moderate and low toxicity ranges 

could  be considered



DATA  INTERPRETATION  CRITICAL FACTORS

Experimental Protocol

�Time of treatment

defined for each specific endpoint

Standard test procedures may have to be modified if substances 

are not taken up readily and longer incubation times may be are not taken up readily and longer incubation times may be 

required to ensure the intracellular bioavailability of the test 

substance, as may be the case for water-insoluble metal 

compounds. 

Another example is the testing of nanomaterials which require 

careful characterisation of the respective material, not only as 

added but also in cell culture medium, and may require 

modification of standard protocols 



DATA INTERPRETATION   CRITICAL FACTORS

Results

�Statistical significance/statistical power

�Biological relevance: 

• extent of effects 

a positive result from an in vitro test in mammalian cells would  

be considered of limited or even no relevance if the effect was   be considered of limited or even no relevance if the effect was   

observed only at highly cytotoxic concentrations. 

•dose response

• test sensitivity

• reproducibility  If conflicting results that were produced with                 

tests that have similar reliability were observed , it should be  

judged whether this might be attributable to differences in  

specific test conditions, e.g. concentrations, animal strains, cell  

lines, exogenous metabolising systems, etc. 



DATA INTERPRETATION   CRITICAL FACTORS

Results

�Comparison of the magnitude of the marginal increase

to historical negative control

�Target organs/surrogate tissue 

negative result from an in vivo study would have limited or      

even no relevance if there was no indication from the study      even no relevance if there was no indication from the study      

that the test substance reached the target tissue and if there 

were no other data,e.g. toxicokinetic data, on which such an  

assumption could be based 

�Other data:    toxic effects

absorption, distribution, metabolism, excretion                        

(ADME),  systemic availability, exposed organs,

carcinogenicity tests



Evaluation of the results of genotoxicity tests

Positive results of an in vitro/in vivo test indicate that the tested 

substance is genotoxic under the conditions of the assay performed

Negative results of an in vitro/in vivo test indicate that the test 

substance is not genotoxic under the conditions of the assay performed.  

In the case of in vivo studies, when negative results are obtained, it is 

important to demonstrate that the substance reaches the target tissue. 

Equivocal results of an in vitro/in vivo test refers to a situation where 

not all the requirements for a clear positive result have been met. An not all the requirements for a clear positive result have been met. An 

example could be where a positive trend was observed, but the dose-

response relationship is not statistically significant Equivocal results are 

generally less relevant than clearly positive results, however, they may 

be considered as an indication for a possible genotoxic potential which 

should be clarified by further testing .

Inconclusive results of an in vitro/in vivo test where no clear result 

was achieved as a consequence of some limitation of the test or 

procedure. 



Genotoxic risk

Decisions about genotoxic risk are based on qualitative factors

that classify an agent as ‘‘positive’’ or ‘‘negative’’ in a test battery 

and supplementary tests

Direct genotoxic agents  (DNA interacting compounds) follow linear 

models when extrapolating low-dose effects from experimental data.models when extrapolating low-dose effects from experimental data.

Safe exposure for human cannot be established.

Indirect genotoxic agents (interacting with non-DNA targets) are 

expected to show threshold concentration-effect response curves



Threshold dose: The actual dose below which there is no 

increase in effect over the background level. (Severe

practical issues make the unequivocal experimental 

identification of the threshold dose difficult and a practical 

threshold is often derived.)

Practical Threshold: The point where the experimentally 

derived dose response relationship first exceeds the 

background variability in a suitably designed well conducted 

study.



Pathways by which DNA-damaging agents induce biologically relevant events

miscoding lesion during 

replication

G     A   transition

modifications of the sugar-

phosphate backbone, such as 

MePT, methylphosphotriester

which modify the epigenetic 

program and induce a change in 

gene expression.

Shrivastav, N. et al. Carcinogenesis 2010 31:59-70; doi:10.1093/carcin/bgp262

gene expression.

can appear as the enzymatic 

deamination product of cytosine 

miscoding lesion 

Block of DNA and RNA 

polymerase



Indirect mechanisms of genotoxicity can be defined as interactions with 

non-DNA targets:

lipid peroxidation and protein adducts

•inhibition of repair enzymes (e.g. OGG1, XPD) 

Heavy metals

•cell cycle control proteins (e.g. p53, Rb,cyclins) 

INDIRECT  GENOTOXICITY

•cell cycle control proteins (e.g. p53, Rb,cyclins) 

•apoptosis related gene products (e.g.p53, bax, bcl-2)

•defence proteins against oxidative damage (glutathione) 

chloroform, carbon tetrachloride

•metabolization enzymes 

•tubulines of the mitotic/meiotic spindle apparatus

methyl benzimidazole carbamates

.



Indirect  genotoxic agents 



Fig. 4. Thresholds for induction of chromosome loss by aneugens as determined on flow-sorted MN 

painted by FISH with a general alphoid centromeric probe. COL, colchicine; CAR, carbendazim; MEB, 

mebendazole; MMS, methanesulfonate; NOC, nocodazole.



Proposals for threshold for in vivo mutagens

Direct-acting small molecular weight alkylating 

agents

Overload of detoxification pathways Es. 

paracetamolparacetamol

Multiple mode of action of genotoxicity Es. 

acrilamide

Local effects and rapid detoxification Es 

formaldeyde 





LED, lowest effective dose; HID, highest ineffective dose



i) The COM reaffirmed the default position that for in
vivo mutagens, in the absence of mechanistic data to
infer a threshold, it is prudent to assume that there is no
threshold for mutagenicity.

COMMITTEE ON MUTAGENICITY OF CHEMICALS IN FOOD, CONSUMER 
PRODUCTS AND THE ENVIRONMENT
UK Independent Scientific Advisory Committees

GUIDANCE STATEMENT : THRESHOLDS FOR IN VIVO MUTAGEN ,2010

ii) If there is good reason to consider that a threshold
mode of action is appropriate, then it is necessary to
investigate the biologically meaningful threshold for all
genotoxic effects that have been reported.

iii) An appropriate strategy should be devised for
each chemical under consideration to identify threshold
dose levels or NOELs for all potential thresholded modes
of action of genotoxicity, which may include either in vitro
or in vivo studies



Other mechanisms for carcinogenesis

•receptor-mediated effects,

•cellular toxicity with regenerative cell division

•peroxisome proliferation

•hormonal dysregulation

• immune suppression

• formation of calculi and other deposits that    
cause chronic irritation 
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Results obtained with in vitro chromosomal aberration test in human lymphocytes



Results obtained with in vitro chromosomal aberration test in human lymphocytes







Results obtained with in vitro chromosomal aberration test in human lymphocytes













Bacterial Reverse Mutation Assay

Guideline: OECD 471 (1997)

Species/Strain: S. typhimurium TA98, TA100, TA1535, TA1537, and E. coli 

WP2 uvrA

Replicates: triplicate cultures in 2 independent experiments

Test substance: Blue 347

Batch: DYBB0847

Purity: 97% (HPLC)

Solvent: DMSO

Concentration: experiment I: 3, 10, 33, 100, 333, 1000, 2500 and 5000 

µg/plate without and with S9-mixµg/plate without and with S9-mix

experiment II: 33, 100, 333, 1000, 2500 and 5000 µg/plate without

and with S9-mix

Treatment: experiment I: direct plate incorporation with 48 h incubation 

without and with S9-mix

experiment II: pre-incubation method with 60 minutes pre-incubation

and 48 h incubation without and with S9-mix

GLP: in compliance

Study period: 8 September 2008 – 23 September 2008



Bacterial Reverse Mutation Assay

Blue 347 was investigated for the induction of gene mutations in S. 

typhimurium and E. coli (Ames test). 

Liver S9 fraction from phenobarbital/β-naphthoflavone-induced  rats was used 

as exogenous metabolic activation system. 

Test concentrations were based on the level of toxicity in a pre-experiment for 

toxicity with all strains both without and with S9-mix.toxicity with all strains both without and with S9-mix.

Toxicity was evaluated for 8 concentrations up to the prescribed maximum 

concentration of 5000 µg/plate on the basis of a reduction in the number of 

spontaneous revertant colonies and/or clearing of the bacterial background 

lawn.

Experiment I was performed with the direct plate incorporation method, 

experiment II with the pre-incubation method with 60 min pre-incubation. 

Negative and positive controls were in accordance with the OECD

guideline.



Bacterial Reverse Mutation Assay

Precipitation of Blue 347 was observed in the overlay agar in the test tubes in 

experiment I from 1000 µg/plate up to 5000 µg/plate and in experiment II from 

2500 µg/plate up to 5000 µg/plate. The undissolved particles of Blue 347 had 

no influence on the data recording.                                                                    

The plates incubated with Blue 347 showed normal background growth up to

5000 µg/plate without and with S9-mix. Since no toxic effects, evident as a 

reduction in the number of revertants, were observed in the test groups as 

well, 5000 µg/plate was chosen as maximum concentration. As in the pre-well, 5000 µg/plate was chosen as maximum concentration. As in the pre-

experiment evaluable plates were obtained for five concentrations or more in 

the strains used, the pre-experiment is reported as experiment I.

Blue 347 treatments did not result in a biologically relevant increase in the 

number of revertant colonies in any of the strains tested at any concentration 

level, neither without nor with S9-mix.

Conclusion

Under the experimental conditions used Blue 347 was not mutagenic in this 

gene mutation

tests in bacteria.



In vitro Mammalian Cell Gene Mutation Test (tk-locus)

Guideline: OECD 476 (1997)

Cells: mouse lymphoma cell line L5178Y (tk+/-)

Replicates: duplicate cultures in a single experiment

Test substance: Blue 347

Batch: DYBB 0539

Purity: 98.5% (HPLC)

Solvent: deionised water

Concentrations: 250, 500, 1000, 2000 and 3000 µg/ml without 

S9-mix

500, 1000, 2000, 3000 and 4000 µg/ml with S9-mix

Treatment: 4 h treatment both without and with S9-mix; 

expression period 72 h and a selection period of 10-15 days

GLP: /

Study period: 7 June 2006 – 3 July 2006



In vitro Mammalian Cell Gene Mutation Test (tk-locus)

Blue 347 was assayed for gene mutations at the tk locus of mouse 

lymphoma cells both in the absence and presence of S9 metabolic 

activation.                                                                                                  

Liver S9 fraction from phenobarbital/β-naphthoflavone-induced rats was 

used as exogenous metabolic activation system.                                                                         

Test concentrations were based on the results of a pre-test for toxicity with 

4 and 24 h exposures to concentrations up to 4000 µg/ml in the absence 

and presence of S9-mix measuring suspension growth relative to the and presence of S9-mix measuring suspension growth relative to the 

concurrent vehicle control cell cultures.                                                                                    

In the main tests, cells were treated for 4 h both without and with S9-mix, 

followed by an expression period of 72 h to fix the DNA damage into a 

stable tk mutation and a selection growth of 10-15 days.                                                                                     

Toxicity was measured in the main experiments as percentage suspension 

and relative total growth of the treated cultures relative to the concurrent 

vehicle control cell cultures.                                                                                               

To discriminate between large (indicative for mutagenic effects) and small 

colonies (indicative for a clastogenic effect) colony sizing was performed.                                                  

controls were in accordance with the OECD guideline.



In vitro Mammalian Cell Gene Mutation Test (tk-locus)

Results

In the pre-experiment no precipitation visible to the unaided eye occurred. Only in 

culture 2 without S9-mix the appropriate level of toxicity (about 10-20% survival 

after the highest concentration) was reached.

Without metabolic activation a biologically relevant increase in the mutant 

frequency was not found; all mutant values found were within the range of the 

historical control data.

With metabolic activation discriminating results were found between the 2 cultures 

per concentration.                                                                                                         per concentration.                                                                                                         

In culture 1 a dose dependent and statistically significant increase in the

mutant frequency outside the range of the negative control data was observed. 

In culture 2, however, a biological relevant increase in the mutant frequency was 

not found which was obviously due to a rather high mutant frequency found for the 

concurrent control cultures.

Additionally, the mutant frequency for the positive controls was substantially higher 

(< 6-fold difference) in culture 2 compared to culture 1.                                                                       

As such the data were interpreted as inconclusive



In vitro Mammalian Cell Gene Mutation Test (hprt locus)

Guideline: OECD 476 (1997)

Cells: mouse lymphoma cell line L5187Y

Replicates: duplicate cultures in 2 independent experiments

Test substance: Cationic Blue 347

Batch: DYBB0847

Purity: 97% (HPLC, 605 and 254 nm)

Solvent: culture medium

Concentrations: experiment I 150, 300, 600, 1200, 1800 µg/ml without 

S9-mix; 300, 600, 1200, 2400, 3600 µg/ml with S9-mix

experiment II 75, 150, 300, 600 µg/ml without S9-mixexperiment II 75, 150, 300, 600 µg/ml without S9-mix

600, 1200, 2400, 3600, 4800 µg/ml with S9-mix

Treatment: experiment I 4 h both without and with S9 mix; expression 

period 6 days and a selection period of 10-15 days

experiment II 24 h without S9 mix; expression period 6 days and a

selection period of 10-15 days

24 h with S9 mix; expression period 6 days and a selection period of 10-

15 days

GLP: in compliance

Study period: 29 October 2008 - 30 December 2008



In vitro Mammalian Cell Gene Mutation Test (hprt locus)

Cationic Blue 347 dissolved in culture medium was assayed for mutations at the hprt 

locus of mouse lymphoma cells both in the absence and presence of metabolic 

activation. 

The assay was performed in two independent experiments using duplicate cultures 

each. Liver S9 fraction from phenobarbital/β-naphthoflavone-induced rats was used as 

exogenous metabolic activation system.

Test concentrations were based on the results of a pre-test for toxicity with 4 and 24 h

exposures to concentrations up to 4800 µg/ml, corresponding to the prescribed 

maximum concentration of 10 mM according to the OECD guideline, in the absence and maximum concentration of 10 mM according to the OECD guideline, in the absence and 

presence of S9-mix measuring suspension growth relative to the concurrent vehicle 

control cell cultures.

In the main tests, cells were treated for 4 h (both without and with S9-mix) or 24 h

(without S9-mix only, experiment II) followed by an expression period of 6 days, to fix 

the DNA damage into a stable hprt mutation and a selection growth of 10-15 days. 

Toxicity was measured in the main experiments as percentage suspension and relative 

total growth of the treated cultures relative to the concurrent vehicle control cell cultures. 

Negative and positive controls were in accordance with the OECD guideline.



Results

In the pre-test no precipitation occurred at 1200 µg/ml without and with S9-mix; at 

higher concentrations precipitation could not be evaluated due to the intense 

colour of Cationic Blue 347. No relevant deviations in pH or osmolarity were 

observed up to the maximum concentration.

Toxic effects were more prominent in the absence than in the presence of 

metabolic activation.                                                                                                metabolic activation.                                                                                                

With S9-mix the appropriate level of toxicity (about 10-20% survival after the

highest concentration) was mostly reached, with S9-mix only in experiment II this

appropriate level was approached.

In both experiments, a biologically relevant increase in the mutant frequency due 

to Cationic Blue 347 treatments was not observed at any concentration level, 

neither without nor with S9-mix.



In vitro Micronucleus Test

Guideline: /

Cells: Chinese hamster V79 cells

Replicates: duplicate cultures in a single experiment

Test substance: Blue 347

Batch: DYBB0539

Purity: /

Solvent: deionised water

Concentrations: 36.7, 73.4, 146.9, 293.8, 587.5, 1175, 2350 and Concentrations: 36.7, 73.4, 146.9, 293.8, 587.5, 1175, 2350 and 

4700 µg/ml without and with S9-mix

Treatment: 24 h treatment without S9-mix, harvest time 

immediately after the end of treatment

4 h treatment with S9-mix, harvest time 24 h after the start of

treatment

GLP: /

Study period: 19 July 2006 – 4 August 2006



In vitro Micronucleus Test

Blue 347 has been investigated in the absence and presence of 

metabolic activation for the induction of micronuclei in V79 cells.

4700 µg/ml (≈ 10 mM, the prescribed maximum concentration in most 

OECD guidelines for in vitro genotoxicity tests) in deionised water was 

applied as maximum concentration.   

The concentrations were further chosen based on toxicity data and on 

the occurrence of precipitation.

In the absence of S9-mix V79 cells were treated for 24 h, in the In the absence of S9-mix V79 cells were treated for 24 h, in the 

presence of S9-mix for 4 h; cells were harvested 24 h after the beginning 

of treatment.                                                                                                             

The highest concentration should produce approximately 60%

decrease in replication index.                                                                 

Negative and positive controls were included.



In vitro Micronucleus Test

Results

Precipitation of Blue 347 in culture medium was observed at 2350 

µg/ml and above in the absence of S9-mix and at 587.5 µg/ml and 

above in the presence of S9-mix. In addition no relevant increase in 

pH or osmolarity occurred. No clear cytotoxic effects indicated by a

reduced proliferation index were found both in the absence and the 

presence of S9-mix.presence of S9-mix.

In the absence of S9-mix biologically relevant and statistically 

significant increases in the number of V79 cells with micronuclei were 

found at the 3 highest concentrations tested. The increase did not 

show a clear concentration dependency.                                            

In the presence of S9-mix a biologically relevant and statistically 

significant increase in the number of V79 cells with micronuclei was 

only observed at a mid-concentration.



Comment

Only a short report is available which only contains the “results 

and discussion” paragraph.

The study was not conducted in compliance with GLP or 

according to the draft OECD guideline. Purity is not mentioned. 

Although the same batch was reported to be 98.5% pure in 

other in vitro genotoxicity tests available.

Although rat liver S9 fraction was used, the inducer chemical Although rat liver S9 fraction was used, the inducer chemical 

was not reported.

Despite these shortcomings, the SCCS considers the outcome 

of this study as relevant.



In vivo Mammalian Erythrocytes Micronucleus Test

Guideline: OECD 474 (1997)

Species/strain: mouse, NMRI

Group size: 5 males and 5 females per test group

Test substance: Blue 347

Batch: DYBB0657

Purity: 100% (HPLC)

Vehicle: 0.9% NaClVehicle: 0.9% NaCl

Dose level: 0, 6.25, 12.5 and 25 mg/kg bw

Route: i.p., once

Sacrifice times: 24 h and 48 h (high dose only) after treatment

GLP: in compliance

Study period: 27 September 2006 – 15 November 2006



In vivo Mammalian Erythrocytes Micronucleus Test

Preliminary study on acute toxicity

Male and female mice were treated i.p. with 10 up to 100 mg/kg bw  and 

examined for acute toxic symptoms and/or mortality at 1, 2-4, 6, 24, 30 and 48 h 

after each treatment.  

Mice treated i.p. with 100 mg/kg bw died within 1 h after treatment.                        Mice treated i.p. with 100 mg/kg bw died within 1 h after treatment.                        

After treatment with 50 mg/kg bw, 1 mouse died after 6 h.                                              

The surviving mice showed reduction in spontaneous activity, abdominal position and 

ruffled fur at least the first 6 h after treatment.                                                                  

Mice treated with doses of 25 mg/kg bw and above had blue coloured urine.

I



In vivo Mammalian Erythrocytes Micronucleus Test

Results

In the main experiment mice were exposed orally to 0, 6.25, 12.5 and 25 mg/kg bw. 

The mice were examined for acute toxic symptoms and/or mortality at 1, 2-4, 6 and 24 

h after treatment.

Bone marrow cells were collected 24 h or 48 h (highest dose only) after dosing. 

Toxicity and thus exposure of the target cells was determined by measuring the ratio 

between polychromatic and normochromatic (PCE/NCE).                                                                          

Negative and positive controls were in accordance with the OECD guideline. 

In the micronucleus test, the mice showed a reduction spontaneous activity and ruffled 

fur as well as coloured urine even down to the lowest dose of 6.25 mg/kg bw.

A decrease in the PCE/NCE ratio was not observed at both sampling times.        

However, the clinical signs reported, particularly the coloured urine, indicated systemic 

distribution and thus bioavailability of Blue 347.

A biologically relevant increase in the number of cells with micronuclei was not 

observed at any sampling time and dose level of Blue 347.



Mutagenicity

Overall, the genotoxicity of HC Blue 17 is sufficiently investigated in valid 

genotoxicity tests for the 3 endpoints of genotoxicity: 

gene mutations, chromosome aberrations and aneuploidy.

HC Blue 17 is negative in vitro in: 

a gene mutation test in bacteria 

a gene mutation tests using the hprt-locus of mammalian cells. 

Inconclusive results  were obtained in:Inconclusive results  were obtained in:

an in vitro gene mutation test using the tk-locus of mammalian cells 

an in vitro micronucleus test with V79 cells.

HC Blue 17 is negative in vivo in: 

In vivo mammalian erythrocytes micronucleus test.

Consequently, on the basis of these tests, HC Blue 17 can be considered to 

have no genotoxic potential and additional tests are unnecessary.



2-nitro-5—glyceryl-methylaniline

Genotoxicity in vitro

End point Test Dose Result

Gene mutation

Bacterial cells

Ames Test

Study 1

Max conc 5000ug/ml Negative

Purity not available

no GLP no Guidelines

Ames Test

Study 2

Max conc 5000ug/ml Negative

Gene mutation MLA  tk locus Max conc 2400ug/ml PositiveGene mutation

Mammalian cells

MLA  tk locus Max conc 2400ug/ml Positive

MLA hprt locus Max conc 2000ug/ml Negative

Chromosomal mutation CHO cells

Study 1

Max conc 4000ug/ml Positive

no GLP no Guidelines

CHO

Study 2

Max conc 2420ug/ml Positive

DNA damage UDS

HeLa cells

Max conc 5000ug/ml Negative



2-nitro-5—glyceryl-methylaniline

Genotoxicity in vivo

End point Test Dose Result

Chromosomal mutation MN test

Bone marrow

Max conc 550 mg/kg

ip

Negative

no GLP no Guidelines

MN test

Bone marrow

Study 2

Max conc

2000mg/kg ig

Negative

No reduction PCE/NCE

MN test Max conc 2000 NegativeMN test

Bone marrow

Study 3

Max conc 2000 

mg/ml oral

Negative

No reduction PCE/NCE

MN test

Bone marrow

Study

Max conc 1000 

mg/ml by gavage

Negative

Plasma analysis

confirmed the 

systemic exposure

DNA damage UDS

Rat Liver

Max conc

1750mg/kg

Negative











Threshold of Toxicological Concern (TTC)

The SCCS in 2009 have published an opinion on risk assessment

methodologies and approaches for genotoxic and carcinogenic

substances. According to this opinion, the “Margin of Exposure” (MOE) and

linear extrapolation from the T25 (calculated dose giving a tumour incidence

of 25% in an animal experiment) to a risk of 10-5 can be used in risk

assessment of genotoxic carcinogens.

The SCCS in 2012 concluded that at present time, the default value of 0.15

µg/person/d corresponding to 2.5 ng/kg bw/d can be used for chemicals withµg/person/d corresponding to 2.5 ng/kg bw/d can be used for chemicals with

genotoxicity alerts and hence possible DNA reactive carcinogens, but its

scientific basis should be strengthened.

This could be achieved by e.g. extending the database, analysing all

available carcinogenicity studies, using allometric adjustment factors and/or

using the T25 or 1,5 or 10% benchmark dose as points of departure for linear

extrapolation. in the MOE-approach, potency is represented by the

benchmark dose or the T25 derived from animal carcinogenicity studies.

MOEs of > 10 000 when using BMDL10 or 25 000 when using T25 are

considered to be of low concern.







(Q)SAR approach

More than 100 papers in the scientific literature are devoted to in silico 

prediction of genotoxicity, comparing performances of different (Q)SAR 

models, including software models; the large majority of them report the 

results of evaluation studies for prediction of carcinogenicity. The 

available models perform better for the prediction of bacterial 

mutagenicity (the accuracy of Ames test mutagenicity prediction is 

typically 70-75%) than for in vitro mutagenicity or cytogenetics in 

mammalian cells. mammalian cells. 

The present evidence does not justify the application of the (Q)SAR 

approach alone in predicting the genotoxicity of substances. In cases 

where limited or no test data are available, the (Q)SAR approach could 

be useful in a weight-of-evidence approach that includes information from 

all available sources (e.g. read-across and experimental data). 


