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1. Introduction
1. The in vivo rodent alkaline Comet assay is used worldwide for detecting DNA damage as
evidenced by strand breaks. The assay can be applied to the investigation of genotoxic potential
of test chemicals, and is currently identified as a second in vivo genotoxicity assay in the
ICH-S2(R1) guidance (2012) along with the more usual in vivo micronucleus test in bone
marrow or peripheral blood. The Comet assay protocol has been discussed in the meetings of
the International Workshops on Genotoxicity Testing (IWGT) and the International Comet
Assay Workshop (ICAW), and consensus articles have been published (Tice, et al., 2000,
Hartmann, et al., 2003, Burlinson, et al., 2007).
2. The assay, however, has not been validated formally with a standardized study protocol. In
addition, since reports on the predictive capability of the in vivo rodent Comet assay for
carcinogenicity are limited (Sasaki, et al., 2000, Sekihashi, et al., 2002, Kirkland, et al., 2008),
the investigation of predictive capability in multiple laboratories using one validated study
protocol would be more useful to understand the overall performance of the assay. The Japanese
Environmental Mutagen Society/the Mammalian Mutagenicity Study Group (JEMS/MMS)
decided to organise an (international) collaborative study of the in vivo Comet assay in 2003,
and conducted a preliminary collaborative study on the Comet assay procedure, notably a
comparison of assay results between whole cells and isolated nuclei (Nakajima, et al., 2012). At
the same time other groups of scientists expressed a wish to establish an OECD guideline for the
Comet assay. A coordinated validation effort for the in vivo Comet assay was therefore required,
and so the Japanese Center for the Validation of Alternative Methods (JaCVAM) organized an
international validation study commencing in April, 2006. This was done in cooperation with
the U.S. National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) and the Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM), the European Centre for the Validation of
Alternative Methods (ECVAM), and JEMS/MMS.
3. The purpose of the validation study was to evaluate the ability of the in vivo Comet assay to
identify genotoxic chemicals as a potential predictor of rodent carcinogenicity, to demonstrate
acceptable intra- and inter-laboratory reproducibility, and to confirm its applicability domain. At
the same time it was hoped to consider the value of the in vivo Comet assay as an alternative
follow-up assay to more the commonly used in vivo rodent Unscheduled DNA Synthesis (UDS)
assay. The ultimate goal of this validation effort was to establish an OECD guideline for the in
vivo rodent alkaline Comet assay.
2. Background and Purpose
4. In the 3rd phase of the in vivo Comet assay validation study, three coded test chemicals and
EMS, the positive control, were assayed in four leading laboratories in accordance with the
Comet assay protocol-version 13, and good intra- and inter-laboratory reproducibility was
demonstrated. However, it was considered that reproducibility could be further improved, and
101

there was also a wish to combine the detection of DNA damage using the Comet assay and
detection of micronuclei in peripheral blood, using the standard micronucleus assay, in the
same animals. This could significantly reduce the use of animals for in vivo genotoxicity testing.
The protocol was further optimized and revised to version 14 (Appendix 1) which involved 3
treatments (0, 24, and 45 h) with a test compound (except for the positive control – see Section
6-2) before collecting liver and glandular stomach tissue samples at 48 h after the first
treatment.
5. In the 1st step of the 4th phase validation study (Phase 4-1), the purpose was to examine the
extent of reproducibility and variability of assay results among laboratories using coded test
chemicals and the positive control EMS, when experiments are conducted in accordance with
the Comet assay protocol-version 14 (see the study plan: Appendix 2).
3. Experimental Period
May-December, 2009
4. Participant Laboratories
6. Thirteen laboratories* participated in the 1st step of 4th phase validation study, which
included four leading laboratories# that were very experienced in the Comet assay plus nine
laboratories that were approved following the recruitment process (described in the
pre-validation report) for this phase of the validation study.
* Merck Research Laboratories# (code: Lab B), BioReliance# (Lab C), Huntingdon Life
Sciences# (Lab D), Food and Drug Safety Center# (Lab E), The Institute of Environmental
Toxicology (Lab F), Novartis Pharma (Lab G), AstraZeneca (Lab H), Sumitomo Chemical (Lab
I), Mitsubishi Chemical Medience (Lab J), Janssen R&D (Lab K), Health Canada (Lab L),
Covance (Lab M), and Bayer Schering Pharma (Lab N)
5. Success Criteria in the Study Plan (Appendix 2)
5-1. To obtain positive results in all positive control groups in all testing facilities.
5-2. To obtain consistent positive or negative results in testing facilities that examined the same
test chemical.
6. Materials and Methods
7. Outlines of the materials and the methods are described in this section, and the details are
referred to in the validation study protocol version 14 (Appendix 1) and the study reports
prepared by each laboratory (Appendix 3).
8. A study protocol for the Comet assay was prepared in each laboratory in accordance with the
validation study protocol v.14. The experiments proceeded in each facility based on their own
study protocol and SOPs.
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6-1. Animal species, strain, and sex
9. Rats were selected in this validation effort because they are the most popular species for
toxicology studies. Crl:CD(SD) rats were used, and since no significant gender differences in
response were expected, only male rats were used.
6-2. Test chemical, vehicle, dose level, and administration
10. Ethyl methanesulfonate (EMS) was used as the positive control because it is a well-known
genotoxic chemical, active in multiple organs, and had been used in the earlier pre-validation
phases. EMS was dissolved in physiological saline, and administered to rats at a dose level of
200 mg/kg twice (21 hr interval) orally by gavage. It was administered twice rather than 3 times
(as for the coded test chemicals) in order to obtain data for EMS under the same administration
scheme as had been used in the pre-validation phases.
11. The VMT considered that, in this phase 4-1, examination of the same chemicals used in the
3rd phase pre-validation study (Phase 3) would provide useful information about the
reproducibility of results between different phases of validation studies as well as between
laboratories. Therefore, of the four coded test chemicals that were used in this study, three were
the same chemicals used in Phase 3, i.e. EMS (coded as well as being the positive control),
N-methyl-N-nitrosourea (MNU), and D-mannitol (MA). The fourth chemical was
2-acetylaminofluorene (2-AAF) which was selected as a typical mutagen that requires metabolic
activation and produces bulky adducts, i.e. a different mode of action from the alkylating agents,
EMS and MNU. The vehicle for each coded test chemical was selected by each testing facility
based on preliminary solubility assessments. The dose levels were also decided by each facility
based on the results of a preliminary dose range finding study, although the VMT provided
some toxicological information from the published literature such as LD50 values if available,
to assist the selection of preliminary dose levels. Each coded test chemical was administered to
rats at three dose levels, at three time points (0, 24 and 45 hours, i.e. 24 and 21 hours intervals)
by oral gavage. This administration regimen was designed to allow combination of the
micronucleus and Comet endpoints in the same animals in consideration of the 3R‟s principle
for animal use. For these studies the investigation into micronucleus induction was optional and
micronucleus data are not included in this validation study report. However, if examined, the
micronucleus data may be included in the study reports prepared by the testing facilities;
Appendix 3.
12. Each coded test chemical was examined in three or four laboratories to evaluate the extent
of reproducibility and variability of the assay results between laboratories using the coded test
chemicals and the positive control EMS. The vehicle and the dose levels of the test chemicals
are summarized in Table 1.
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Table 1

Test chemical, laboratory tested, vehicle, and dose levels

Test chemical

Lab. Code

Vehicle

Dose level (mg/kg/day)

EMS

Lab C

Water for injection

75, 150, 300

Lab J

Physiological saline

62.5, 125, 250

Lab M

Physiological saline

100, 200, 400

Lab N

Corn oil

75, 150, 300

Lab E

Physiological saline

25, 50, 100

Lab F

Physiological saline

30, 60, 120

Lab I

Physiological saline

50, 100, 200 1)
Additional: 6.25, 12.5, 25

Lab D

Purified water

500, 1000, 2000

Lab G

Water

500, 1000, 2000

Lab H

Physiological saline

500, 1000, 2000

Lab L

Physiological saline

400, 800, 1600

Lab B

0.5% CMC aqua solution

250, 500, 1000 2)

Lab H

Corn oil

75, 150, 300 3)

Lab K

Corn oil

125, 250, 500

MNU

MA

2-AAF

1)

Animal death at 200 mg/kg/day. Cytotoxicity for the stomach was noted in all dose levels, and the additional study was done at
lower dose levels, namely 6.25, 12.5, and 25 mg/kg/day. There was no cytotoxicity at 6.25 mg/kg.

2)

Lab B selected the highest dose in consideration of the amount of test chemical delivered. They suggested that a higher dose
level could have been evaluated because no animal toxicity was found at 1000 mg/kg/day.

3)

Lab H knew the identity of the chemical before the assay was commenced due to the information from customs (when
JaCVAM sent test chemicals to overseas facilities, the customs checked it and then informed the facility of the chemical name),
and selected the dose levels based on published toxicity information of 2-AAF.

However, no toxicity was found in animals up

to the highest dose level.

6-3. Organs analyzed
13. Liver and stomach (glandular stomach) were selected for this validation effort because the
former is the primary organ for the metabolism of absorbed chemicals, and the latter is a site of
first contact of chemicals after oral administration. These organs were recommended for
screening for genotoxic chemicals in the previous discussion in ICAW (Hartmann, et al., 2003).
6-4. Data-acceptance criteria
6-4-1. Negative control
14. Means of %DNA in tail should be 1-8% in the liver and 1-30% (preferably 1-20%) in the
stomach.
6-4-2. Positive control, EMS, 200 mg/kg, twice p.o.
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15. Effect (difference of means of % tail DNA between groups of EMS and vehicle control) is
statistically significantly increased and is at least 5% higher than negative control levels in the
liver and the stomach (primary criteria); and Effect (ratio of means of % DNA in tail between
groups of EMS and vehicle control) is 2-fold or higher in the liver and the stomach.
6-5. Data analysis
16. % DNA in tail was used as the primary endpoint of this validation study, because it is
considered linearly related to the DNA break frequency over a wide range of damaged DNA
levels (Hartmann, et al., 2003).
17. Three conceptual key terms, “Endpoint”, “Estimate” and “Effect” were defined and used in
the data analysis. Briefly, Endpoint is defined as individual observed values for a parameter
such as % DNA in tail. Estimate is defined as a mean calculated with values of Endpoint in each
animal. Effect is defined as difference (hereafter designated as Effect (diff.)) or ratio (hereafter
designated as Effect (ratio)) of a mean of Estimates between a negative control group and a
treatment group. A general purpose of data analysis in validation studies is to investigate how
large is the variation that exists among data from several testing facilities, and Effect is
considered as a good indicator to understand the variability of Comet assay parameters among
testing facilities. VMT noticed through Phases 1 to 3 of the pre-validation studies that Effect
(diff.) was more meaningful for the comparison of variability than Effect (ratio), because Effect
(ratio) depended on the magnitude of the negative control values (i.e. lower negative control
values produce higher Effect (ratio) more easily) and could lead to a misleading evaluation of
responses induced with a test chemical. Therefore Effect (diff.) was considered the main
response criterion with which to evaluate the assay results.
18. Because many of the participating laboratories did not have extensive historical negative
control data with the exact protocol being used, statistical analysis was considered to be the
most appropriate way to determine a positive response in this validation trial. Dunnett‟s test
(two-sided, P<0.05) and linear Trend test (two-sided, P<0.05) were applied to Effect (diff.) in
the groups of coded test chemicals. The two-sided analysis was used because both increases and
decreases in the comet parameter could be detected. A decreased % DNA in tail was expected to
be a good index to detect cross-linking agents. For the positive control group, Student‟s t-test
(one-sided, P<0.025) was applied to the Effect (diff.).
7. Results
19. In this section only outlines of the study results are described. The details are given in the
study reports written by each laboratory (Appendix 3) and the statistical analysis by Dr. Takashi
Omori (Appendix 4).
7-1. Control groups
20. Figs. 1 and 2 summarize the lab-orderly means of % DNA in tail (Estimate) in the vehicle
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and positive control EMS groups in the liver and the stomach, respectively.

Fig. 1

Estimate (% DNA in tail) in the liver of vehicle control and positive control EMS groups in each lab.
Each column shows mean ± S.D. (n=5 animals).

Fig. 2

Estimate (% DNA in tail) in the stomach of vehicle control and positive control EMS groups in each
lab. Each column shows mean ± S.D. (n=5 animals).

7-1-1. Vehicle control groups
21. Figs. 3 and 4 are enlarged-figures of the lab-orderly Estimate in the vehicle control groups
in the liver and the stomach, respectively. All the values in the stomach satisfied the preferred
data acceptance criteria (1-20%), and those in the liver also met the data acceptance criteria
(1-8%) except for 2 cases where low values were obtained, namely Lab C (mean value 0.9%)
and one of two experiments in Lab H (mean value 0.8%). However, these were considered to be
minor deviations from the expected negative control range.
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Fig. 3

An enlarged figure of Estimate (% DNA in tail) in the liver of vehicle control
group in each lab. Each column shows mean ± S.D. (n=5 animals). All values
satisfied the data acceptance criteria 1-8% except Lab. C and one of two
experiments in Lab. H.

Fig. 4

An enlarged figure of Estimate (% DNA in tail) in the stomach of a vehicle control group
in each lab. Each column shows mean ± S.D. (n=5 animals). All values satisfied the
preferable data acceptance criteria 1-20%.

7-1-2. Positive control groups
22. Figs. 5 and 6 show Effect (diff.) of mean %DNA in tail between the vehicle control group
and the positive control group in the liver and the stomach, respectively. All show statistically
significant increases, Student‟s t-test (one-sided, p<0.025) both in the liver and the stomach, and
also showed 5% or higher values. Therefore, it was judged that all the positive control values
satisfied the primary data acceptance criteria.
23. Figs. 7 and 8 show Effect (ratio) of mean % DNA in tail between the vehicle control group
and EMS group in the liver and the stomach, respectively. Since all Effects (ratio) were 2-fold
or higher in both organs, it was judged that all the positive control values satisfied the data
acceptance criteria.
24. Thus, for this part of the validation exercise it was concluded that participating laboratories
could satisfactorily obtain both negative and positive control data that met the data acceptance
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criteria.

Fig. 5

Fig. 6

Effect (difference between means of negative and positive control groups) of % DNA in tail in
the liver in each lab. All data show statistically significant increases in Student‟s t-test
(one-sided, p<0.025) and 5% or higher values, satisfying the primary data acceptance criteria.

Effect (difference between means of negative and positive control groups) of % DNA in tail in
the stomach in each lab. All data show statistically significant increases in Student‟s t-test
(one-sided, p<0.025) and 5% or higher values, satisfying the primary data acceptance criteria.
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Fig. 7

Effect (ratio between means of negative and positive control groups) of % DNA in tail in the
liver in each lab. All data show 2-fold or higher increases, satisfying the data acceptance
criteria.

Fig. 8

Effect (ratio between means of negative and positive control groups) of % DNA in tail in the
stomach in each lab. All data show 2-fold or higher increases, satisfying the data acceptance
criteria.

7-2. Coded test chemical groups
7-2-1. EMS
25. EMS as a coded test chemical was evaluated in four laboratories. Figs. 9 and 10 show the
mean % DNA in tail (Estimate) in the vehicle control group and the three dose-level groups in
the liver and the stomach, respectively. The vehicle and the dose levels were decided in each
laboratory independently based on the preliminary examinations. The same type of aqueous
vehicle was selected in two of the four laboratories (note: should be correctly described for Lab
M when the reports are available), and similar dose levels were also chosen.
26. All of the Effect (diff.) values were statistically significant and showed dose-dependency in
both the liver and the stomach. The magnitude of the responses in both organs was comparable
for the same or similar dose levels among four laboratories, except for Lab M where higher
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values were observed in the liver. The responses were also consistent when compared with the
200 mg/kg dose of EMS used as positive control. Therefore these data demonstrate very good
inter-laboratory reproducibility in terms of qualitative response, and generally good
reproducibility in terms of quantitative response.

Fig. 9

Fig. 10

Estimate (mean of % DNA in tail, n=5 animals) in the liver after EMS administration. Asterisk (*) and
sharp (#) indicate statistical significance in Dunnett test (two-sided, p<0.05) and linear trend test
(two-sided, p<0.05), respectively. Red bar shows Estimate (mean of % DNA in tail, n=5) of positive
control group.

Estimate (mean of % DNA in tail, n=5 animals) in the stomach after EMS
administration. Asterisk (*) and sharp (#) indicate statistical significance in Dunnett
test (two-sided, p<0.05) and linear trend test (two-sided, p<0.05), respectively. Red
bar shows Estimate (mean of % DNA in tail, n=5) of positive control group.
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27. Following histopathological examination, Lab N reported that for EMS-treated animals
hepatocellular hypertrophy was found in the livers of rats in the 300 mg/kg/day group, and
inflammatory changes in the stomach at 200 and 300 mg/kg/day in the dose range-finding study.
Lab J reported that hepatocellular necrosis (minimal and focal) in the liver was observed in one
animal at 62.5 mg/kg/day, and mucosal erosion in the glandular stomach was observed in one
animal each at 125 and 250 mg/kg/day. Lab C reported that both tissues showed normal
pathology. These observations are considered relevant in terms of the possible impact of
cytotoxicity (histopathological changes in target tissues) on the interpretation of Comet assay
results.
7-2-2. MNU
28. MNU was evaluated in three laboratories. Figs. 11 and 12 show the mean % DNA in tail
(Estimate) in the vehicle control group and the three dose-level groups in the liver and the
stomach, respectively. Again the vehicle and dose levels were decided in each laboratory
independently. The same vehicle, physiological saline, was used in all laboratories, but different
dose levels were selected by each facility for the main studies based on the results of the dose
range-finding studies. Although deaths occurred at the highest dose level (350 mg/kg/day) in the
range-finding study in Lab I, and therefore Lab I selected 200 mg/kg/day as the highest dose
level for the main study, there were no deaths and no clinical signs in animals at 200 mg/kg/day
for 3 days in their dose-finding study, it was considered that the dose selection for the main
study was justified.

Fig. 11
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Estimate (mean of % DNA in tail, n=5
animals) in the liver after MNU
administration. Asterisk (*) and sharp (#)
indicate statistical significance in Dunnett test
(two-sided, p<0.05) and linear trend test
(two-sided, p<0.05), respectively. Red bar
shows Estimate (mean of % DNA in tail,
n=5) of positive control group.

Fig. 12

Estimate (mean of % DNA in tail, n=5
animals) in the stomach after MNU
administration. Asterisk (*) and sharp (#)
indicate statistical significance in Dunnett test
(two-sided, p<0.05) and linear trend test
(two-sided, p<0.05), respectively. Red bar
shows Estimate (mean of % DNA in tail,
n=5) of positive control group.

29. All of the Effect (diff.) values were statistically significant and showed dose-dependency in
both the liver and the stomach. The magnitude of responses in both organs was comparable at
the same or similar dose levels across three laboratories. This again demonstrates good
qualitative and quantitative reproducibility between laboratories.
30. Regarding cytotoxicity, there were no treatment-related cytotoxic findings in the liver by
histopathological examination. In the stomach, cytotoxic changes were observed by
histopathology as follows: congestion in lamina propria, degeneration/vacuolar in gastric pits,
edema in submucosa and erosion at 50 and 100 mg/kg/day in Lab E; partial depletion of
glandular epithelial cells and submucosal edema at all dose levels, and mucosal necrosis at 120
mg/kg/day in Lab F; and congestion/hemorrhage, degeneration/necrosis in mucosal epithelial
cell, detachment in mucosal epithelial cell, glandular dilatation and infiltration in inflammatory
cell findings at 50 mg/kg/day or above in Lab I. Lab F and Lab I also reported that almost all
cells showed “hedgehog” appearance at the high dose levels (and also at the middle dose level
in Lab F) in both organs (Appendix 3). Again, these observations are considered relevant in
terms of the possible impact of cytotoxicity (histopathological changes in target tissues) on the
interpretation of Comet assay results.
7-2-3. MA
31. MA was evaluated in four laboratories. Figs. 13 and 14 show the mean % DNA in tail
(Estimate) in the vehicle control group and the three dose-level groups in the liver and the
stomach, respectively. The vehicle and the dose levels were decided in each laboratory
independently. Water or physiological saline was used as the vehicle in all laboratories, and
similar dose levels were selected by all facilities based on the result of each dose-finding study.
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32. Only Lab L selected a lower top dose (1600 mg/kg/day) because precipitation was noted in
the dosing solution above 160 mg/mL (note: Lab L thought that reaching the solubility limit in
the vehicle was one of the criteria for selection of the highest dose level, although this was not
mentioned in the standard study protocol. VMT did not notice this misunderstanding of Lab L at
this stage of the validation study).
33. There were no statistically significant increases or dose-dependency in Effect (diff.) with
MA in any of the laboratories, except for Lab D where a statistically significant response was
obtained with Dunnett‟s test in the stomach at the mid dose 1000 mg/kg/day. However, since
there was no dose-response, this was considered not to be a biologically relevant response by
both Lab D and the VMT. Thus, the qualitative responses across the 4 laboratories with MA
were very reproducible.
34. No histopathology was examined in any laboratories due to the lack of comet responses
with this chemical in all testing laboratories.

Fig. 13

Estimate (mean of % DNA in tail, n=5 animals) in the liver after MA administration.
There was no statistical significance in Dunnett test (two-sided, p<0.05) and linear trend
test (two-sided, p<0.05). Red bar shows Estimate (mean of % DNA in tail, n=5) of
positive control group.
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Fig. 14

Estimate (mean of % DNA in tail, n=5 animals) in the stomach after MA administration. Asterisk (*)
shows statistical significance in Dunnett test (two-sided, p<0.05). There was no statistical
significance in linear trend test (two-sided, p<0.05). Red bar shows Estimate (mean of % DNA in tail,
n=5) of positive control group.

7-2-4. 2-AAF
35. 2-AAF was evaluated in three laboratories. Figs. 15 and 16 show the mean % DNA in tail
(Estimate) in the vehicle control group and the three dose-level groups in the liver and the
stomach, respectively.
36. The vehicle was selected independently in each laboratory. Lab B selected 0.5% aqueous
CMC as the vehicle because this chemical did not dissolve in saline but could be suspended in
0.5% aqueous CMC. Lab H selected corn oil based on the known solubility of 2-AAF, since this
laboratory knew the identity of the chemical before the experiment commenced, because the
customs office informed the laboratory of the chemical name in their import process. A similar
situation occurred at Lab K, which also selected corn oil based on knowledge of the identity of
the chemical before the experiment commenced. However, in both cases, although the
validation study representative suggested corn oil as a suitable vehicle to the technicians
performing the study, they did not inform the technicians of the actual chemical name.
Therefore, since the experiments themselves were conducted by technicians under the coded
test chemical conditions, the VMT considered that the data on 2-AAF from these 2 laboratories
were acceptable for evaluation.
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Fig. 15

Fig. 16

Estimate (mean of % DNA in tail, n=5
animals) in the liver after 2-AAF
administration. Asterisk (*) and sharp
(#) indicate statistical significance in
Dunnett test (two-sided, p<0.05) and
linear trend test (two-sided, p<0.05),
respectively. Red bar shows Estimate
(mean of % DNA in tail, n=5) of
positive control group.

Estimate (mean of % DNA in tail, n=5
animals) in the stomach after 2-AAF
administration. Asterisk (*) and sharp
(#) indicate statistical significance in
Dunnett test (two-sided, p<0.05) and
linear trend test (two-sided, p<0.05),
respectively. Red bar shows Estimate
(mean of % DNA in tail, n=5) of
positive control group.

37. The dose levels were also determined independently in each laboratory. Dose range-finding
studies were only conducted in Labs B and K. In Lab B, no toxic signs were observed up to
1000 mg/kg/day. However, as the amount of test chemical delivered was limited, Lab B
performed the Comet assay only up to 1000 mg/kg/day, and not up to 2000 mg/kg/day as had
been recommended as an upper limit in the validation study protocol. In Lab K, 500 mg/kg/day
was selected as the highest dose level for the dose range-finding study based on the information
from the VMT, i.e., mouse oral LD50 is 810 or 1020 mg/kg, and suggestions to the technicians
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by the validation study representative who knew the identity of the chemical. Although a
(minor) reduction in body weight and body weight gain was seen at all dose levels, there were
no clinical abnormalities up to 500 mg/kg/day. However, Lab K selected 500 mg/kg/day as the
highest dose for the Comet assay. Lab H did not do a dose range-finding study because, as
explained above, the validation study representative knew the chemical name and selected the
dose levels based on the published toxicity information for 2-AAF. In these circumstances, a
dose range-finding study would not have been allowed for ethical reasons. The dose selection
was therefore justified on this basis, although there was no toxicity seen at the top dose (300
mg/Kg/day) used in the Comet assay.
38. As can be seen in Fig. 16, in the stomach there were no statistically significant increases or
signs of dose-dependency in Effect (diff.) for 2-AAF in any of the laboratories. This may be
expected for a chemical requiring metabolic activation. In the liver (Fig. 15), Effect (diff.)
values were statistically significant with dose-dependency in Lab K, but not in Labs B and H,
although a significant increase was seen in the lowest dose group, 75 mg/kg/day, in Lab H. Thus,
2-AAF was not clearly detected as positive in 2 of the 3 laboratories, and therefore the
inter-laboratory reproducibility for responses to 2-AAF was poor.
39. In Lab K, histopathology was examined for the liver due to the positive result in the Comet
assay. Periportal hepatocellular hypereosinophilia often associated with reduced hepatocellular
glycogen was shown to be marginally increased in the highest dose group.
8. Discussion
40. EMS treatment as the positive control induced statistically significant increases in Effect
(diff.) in both the liver and the stomach in all thirteen laboratories. In addition, Effect (diff.) and
Effect (ratio) were 5% or higher and 2-fold or higher in both organs in all testing facilities,
respectively, showing that the positive control completely met the data acceptance criteria.
Therefore, the first success criteria, i.e., to obtain positive results in all positive control groups in
all testing facilities was satisfied in this validation study.
41. Some discussion would be needed about the slight deviation from the data acceptance
criteria on negative control groups for the liver in Lab C (0.9%) and one experiment in Lab H
(0.8%). The criteria of 1-8% in the liver were set to detect decreases in % DNA in tail thought to
be induced by DNA cross-linker type mutagens. Since Lab C examined EMS, and Lab H
examined 2-AAF, and neither of these chemicals are cross-linkers, the VMT considered that the
slightly lower values in the negative control groups would not affect the evaluation of these
chemicals, and so decided to accept the slightly lower negative control values. Regarding the
lower % tail DNA in the liver of the negative control group, Lab I pointed out that it was
difficult to keep 1% or higher in the liver because the values became lower experiment by
experiment due to the laboratory becoming more technically skilled at cell preparation. The
VMT advised Lab I that to keep 1% or higher values would be feasible by prolonged
electrophoresis duration and/or higher temperature of alkaline solution, but still below 10°C.
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42. Of the four coded test chemicals, EMS, MNU, and MA were evaluated under similar
experimental designs in 3 or 4 laboratories and all gave very consistent Comet assay data i.e.,
EMS and MNU were judged positive, and MA was judged negative. EMS and MNU not only
showed good reproducibility of positive responses from a qualitative point of view, there was
also generally good quantitative reproducibility. Although MA showed a slight but statistically
significant increase in Dunnett‟s test for the stomach at the mid dose level (1000 mg/kg/day) in
Lab D, both Lab D and the VMT judged the response to be biologically insignificant because it
showed no dose dependency. The reproducibility of qualitatively negative results with a known
non-carcinogen (MA) was therefore also demonstrated. Therefore the second success criteria, i.e.
to obtain consistent positive or negative results in different testing facilities examining the same
test chemical was satisfied for those three chemicals. In addition, these results were quite
consistent with those obtained for the same chemicals in the 3rd phase pre-validation study,
confirming the robust reproducibility of the assay both over time and between laboratories.
43. Discussion was needed regarding the results with 2-AAF, which were not as expected and
did not show good reproducibility. Negative results in both organs were obtained in Lab B, but
Lab B suggested that the higher dose levels up to 2000 mg/kg should be examined because there
were no toxic signs in animals up to 1000 mg/kg/day. Lab H examined 2-AAF only up to 300
mg/kg/day based on information in the published literature, and judged it to be negative in both
organs. Based on the lack of toxic signs at this dose, and data from the other laboratories, higher
doses should have been used. In contrast, statistically significant increases in % DNA in tail
were noted in the liver at all dose levels in Lab K, even though the highest dose level was only
500 mg/kg/day, and a negative result was obtained in the stomach. Since the dose levels used in
three laboratories were not similar, the VMT considered that it would be difficult to assess the
consistency of assay results in the three laboratories that tested 2-AAF. The judgment of assay
results was summarized as three negative calls in the stomach, and one positive call and two
negative calls in the liver, based on the statistical analysis. Thus, although there was consistency
between the assay results in the stomach, the results were inconsistent in the liver. It would be
important to examine higher dose levels of 2-AAF in order to reach more meaningful
positive/negative judgments, and to be able to assess inter-laboratory reproducibility with this
chemical. Finally, the VMT considered that 2-AAF was judged as inconclusive due to the
variable testing conditions. Therefore the VMT decided that 2-AAF would be reexamined in the
next step of the 4th phase validation study under the coded test chemical conditions.
44. Questions still remain about how the results of histopathology analysis and % hedgehog
should be considered when interpreting Comet assay results. In previous discussions at IWGT, a
consensus was obtained, i.e., histopathology is the gold standard to evaluate cytotoxicity in the
in vivo Comet assay (Hartmann, et al., 2003). However, it is still unclear how to use
histopathology for the interpretation of Comet assay results, or even when is the optimum time
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to examine tissues for histopathological changes. The results with MNU in this phase may
provide some important information regarding this interpretation. MNU treatment produced a
high frequency of hedgehogs but no histopathological changes in the liver. In contrast, it
produced not only increased hedgehogs but also necrosis (identified by histopathology) in the
stomach. If hedgehogs are considered to be cells with heavily damaged DNA and/or apoptotic
cells, the absence of histopathological changes in the presence of increased % of hedgehogs
may indicate that most cells with severe DNA damage continue to be alive, possibly due to
protective functions such as DNA repair. In contrast, necrotic findings without increased
hedgehogs may indicate that the necrosis is related to cellular toxicity by some functional
damage to cell organelles without primary DNA damage. In the case of necrotic findings
accompanied with increased % of hedgehogs, it would be difficult to estimate whether the
cytotoxic changes are induced by DNA damage or cellular toxic effects. More data are clearly
needed to consider how histopathology and hedgehogs can be used in aiding the interpretation
of Comet assay results. For the present it would seem prudent to suggest that a positive response
in the Comet assay in the presence of histopathological changes or hedgehogs should be
interpreted with caution. It may even warrant a repeat assay at lower doses or even a different
assay.
45. Finally, based on the above discussion, the VMT concluded that the overall reproducibility
and variability of assay results were acceptable among laboratories for negative controls, for the
positive control EMS, and for 3 of the 4 coded test chemicals in this step. Further work would
be needed with 2-AAF and on the measurement and interpretation of cytotoxicity. It was
therefore decided to move to the 2nd step of the 4th phase validation study in order to
investigate the predictive capability of in vivo Comet assay for chemical carcinogenicity.
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Phase 4.1 Appendix 1
INTERNATIONAL VALIDATION OF THE IN VIVO RODENT ALKALINE
COMET ASSAY FOR THE DETECTION OF GENOTOXIC CARCINOGENS
(VERSION 14)
Issued by: the Validation Management Team (VMT)
Date: February 6, 2009 revised
A. PURPOSE OF THIS DOCUMENT
This document is provided to clarify the conduct of an international validation study to evaluate
the ability of the in vivo rodent alkaline Comet assay to identify genotoxic carcinogens, as a
potential replacement for the in vivo rodent hepatocyte unscheduled DNA synthesis (UDS) assay.
A study protocol will be developed by the testing facilities based on the information provided in
this document.
B. ASSURANCE OF DATA QUALITY
The study will be conducted in facilities that are Good Laboratory Practice compliant.
Consistency between raw data and a final report is the responsibility of each testing facility. The
VMT may review the data for consistency, if deemed necessary.
C. ANIMAL WELFARE AND 3Rs
Appropriate national and/or international regulations on animal welfare must be followed. The
3R-principle for experimental animal use must be considered for determining the experimental
design.
D.TESTING PROCEDURE
1. MATERIALS AND METHODS
1.1

Test substances and positive/negative controls

1.1.1
Test substance
With the exception of ethyl methanesulfonate (EMS), test substances will be supplied to each
testing facility by the VMT. When coded substances are supplied, appropriate safety
information will be provided in a sealed envelope to be opened only by an appropriate
individual within the organization who is not involved in the study and/or in the case of an
emergency. If opened, appropriate documentation and justification will need to be provided to
the VMT.
1.1.2
Test substance preparation
Each test substance will be dissolved or suspended with an appropriate solvent/vehicle just
before administration (see section 1.1.4.).
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1.1.3
Positive control
EMS (CAS No. 62-50-0); the source and lot number to be used will be provided by the VMT.
EMS will be dissolved in physiological saline just before administration (within 2 hour).
1.1.4
Negative control (solvent/vehicle)
Solvents/vehicles for test substance preparation will be used as negative controls. An
appropriate solvent/vehicle for a test substance may be indicated by the VMT. In the absence of
instruction from the VMT, an appropriate solvent/vehicle will be chosen for each test substance
by the testing facility in the following order: physiological saline, 0.5% w/v sodium
carboxymethylcellulose aqua solution, corn oil.
1.2

Test animals

1.2.1

Species

Although either rats or mice can be used in this assay, the validation study will use rats. The
rat is the species most commonly used in toxicological studies and is the preferred species in
the in vivo rodent hepatocyte UDS assay.
1.2.2
Sex
In order to allow for a direct comparison with the rat hepatocyte UDS assay, males will be used.
1.2.3
Strain
Rat: Crl:CD (SD)
1.2.4
Source
Charles River Laboratories, Inc.
1.2.5
Age
At the time of purchase: 6-8 weeks of age (body weight 150 g - 320 g)
At the time of dosing: 7-9 weeks of age
1.2.6
Body weight
The weight variation of animals should be +/- 20% of the mean weight at the time of dosing.
1.2.7
Number of animals in each dose group at each sampling time
Five males for the validation study. (Notes: we will decide the appropriate number of
animals/group afterwards based upon power calculation.)
1.2.8
Animal maintenance
Animals will be reared under appropriate housing and feeding conditions according to the
standard operating procedures (SOP) in each testing facility, consistent with Section C “Animal
Welfare".
1.2.8.1 Diet
Animals will be fed ad libitum with a commercially available pellet diet.
1.2.8.2 Water
Animals will be given free access to tap water ad libitum .
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1.2.9
Animal quarantine and acclimation
Animals will be quarantined and acclimated for at least 5 days prior to the start of the study,
according to SOPs in each testing facility. Only healthy animals approved by the Study Director
and/or the Animal Facility Veterinarian will be used.
1.2.10 Animal identification and group assignment
Animals will be identified uniquely and assigned to groups by randomization on the basis of
body weight according to the SOP in each testing facility.
1.3
Preparation of Comet assay solutions
The following solutions will be prepared, consistent with laboratory SOPs, unless otherwise
specified. (Notes: will likely need to specify shelf life for some solutions as we reconcile
lab-specific protocols.)
1.3.1
1.0-1.5% (w/v) standard agarose gel for the bottom layer (if used)
Regular melting agarose will be dissolved at 1.0-1.5% (w/v) in Dulbecco‟s phosphate buffer
(Ca++, Mg++ free and phenol free) by heating in a microwave.
1.3.2

0.5 % (w/v) low-melting agarose (Lonza, NuSieve GTG Agarose) gel for the
cell-containing layer and, if used, a top layer
Low-melting agarose will be dissolved at 0.5% (w/v) in Dulbecco‟s phosphate buffer (Ca++,
Mg++ free and phenol free) by heating in a microwave. During the study this solution will be
kept at 37-45°C and discarded afterward.

1.3.3
Lysing solution
The lysing solution will consist of 100 mM EDTA (disodium), 2.5 M sodium chloride, and 10
mM tris hydroxymethyl aminomethane in purified water, with the pH adjusted to 10.0 with 1 M
sodium hydroxide and/or hydrochloric acid. This solution may be refrigerated at <10C until
use. On the same day of use, 1 % (v/v) of triton-X100 and 10 % (v/v) DMSO will be added to
this solution and the complete lysing solution will be refrigerated at <10C for at least 30
minutes prior to use.
1.3.4
Alkaline solution for unwinding and electrophoresis
The alkaline solution consists of 300 mM sodium hydroxide and 1 mM EDTA (disodium) in
purified water, pH >13. This solution will be refrigerated at <10C until use. The pH of the
solution will be measured just prior to use.
1.3.5

Neutralization solution

The neutralization solution consists of 0.4 M tris hydroxymethyl aminomethane in purified
water, pH 7.5. This solution will be either refrigerated at <10C or stored consistent with
manufacturer‟s specifications until use.
1.3.6
Mincing buffer
The mincing buffer consists of 20 mM EDTA (disodium) and 10% DMSO in Hank‟s Balanced
Salt Solution (HBSS) (Ca++, Mg++ free, and phenol red free if available), pH 7.5 (DMSO will be
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added immediately before use). This solution will be refrigerated at <10C until use.
1.3.7
Staining solution
The fluorescent DNA stain is SYBR Gold (Invitrogen-Molecular Probes), prepared and
used according to the manufacturer‟s specifications.
1.4 Comet assay procedure
1.4.1

Experimental design
Compound

Dose (mg/kg)

Number of animals

0

5

200

5

Test compound

Low (1/4 of high)

5

Test compound

Medium (1/2 of high)

5

Test compound

High*

5

Vehicle (negative control)
EMS (positive control)

*High dose selection: in general, in the absence of VMT directions, the high dose level of a test
compound will be selected as the dose producing signs of toxicity such that a higher dose level,
based on the same dosing regimen, would be expected to produce mortality, or an unacceptable
level of animal distress. Selection of doses will be based on the toxicity of the test substance but
will not exceed 2000 mg/kg.
1.4.2
Administration to animals
The test substance will be administered three times orally by gavage, 24 and 21 hours apart, i.e.
the second administration is 24 hours after the first administration, and the third administration
is 21 hours after the second administration (at 3 hours before animal sacrifice). This regimen
will enable us to detect comet and micronucleus at the same time. EMS will be administered
once orally by gavage at 3 hours before animal sacrifice. The dosage volume will be 0.1 mL per
10 g body weight in rats on the basis of the animal weight just before administration.
1.4.3
Measurement of body weight and examination of animal conditions
Individual body weights will be measured in accordance with local SOPs and just prior to
administration (the weight at this time will be used to determine the volume of each substance
administered). The clinical signs of the animals will be observed from just after dosing to just
before tissue removal with an appropriate interval according to the SOP in each testing facility.
1.4.4
Tissue sampling
Animals will be humanely killed at 3 hours after second administration of a test substance and at
3 hours after EMS treatment, consistent with Section C “Animal Welfare and 3Rs”. The stomach
and portions of the liver will be removed. Tissues will be placed into ice-cold mincing buffer,
rinsed sufficiently with the cold mincing buffer to remove residual blood (more rinses would
likely be needed if exsanguination is not used), and stored on ice until processed. For
histopathology, samples will be obtained from the same liver lobe, and from a minimal possible
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area of stomach.
1.4.5
Preparation of single cells
Single cell preparation should be done within one hour after animal sacrifice. The liver and the
stomach will be processed as follows:
Liver: A portion of the left lateral lobe of the liver will be removed and washed in the cold
mincing buffer until as much blood as possible has been removed. The size of the portion will
be at the discretion of the laboratory but will be standardized. The portion will be minced with a
pair of fine scissors to release the cells. The cell suspension will be stored on ice for 15-30
seconds to allow large clumps to settle (or, the cell suspension will be strained through a Cell
Strainer to remove lumps and the remaining suspension will be placed on ice), and the
supernatant will be used to prepare comet slides.
Stomach: The stomach will be cut open and washed free from food using cold mincing buffer.
The forestomach will be removed and discarded. The glandular stomach will be then placed
into cold mincing buffer and incubated on ice for from 15 to 30 minutes. After incubation, the
surface epithelia will be gently scraped two times using the a scalpel blade or a Teflon scrapper.
This layer will be discarded and the gastric mucosa rinsed with the cold mincing buffer. The
stomach epithelia will be carefully scraped 4-5 times (or more, if necessary) with a scalpel
blade or Teflon scrapper to release the cells. The cell suspension will be stored on ice for 15-30
seconds to allow large clumps to settle (or, the cell suspension will be strained with a Cell
Strainer to remove clumps and the remaining suspension will be placed on ice), and samples of
the supernatant used to prepare comet slides.
1.4.6

Slide preparation

Slide preparation should be done within one hour after single cell preparation. Comet slides will
be prepared using laboratory specific procedures. The volume of the cell suspension added to
0.50% low melting agarose to make the slides will not decrease the percentage of low melting
agarose by more than 10% (i.e., not below 0.45%) .
1.4.7
Lyses
Once prepared, the slides will be immersed in chilled lysing solution overnight in a refrigerator
under a light proof condition. After completion of lysing, the slides will be rinsed in purified
water or neutralization solution to remove residual detergent and salts prior to the alkali
unwinding step.
1.4.8.

Unwinding and electrophoresis

Slides will be randomly placed onto a platform of submarine-type electrophoresis unit and the
electrophoresis solution added. A balanced design will be used (i.e., in each electrophoresis run,
there should be the same number of slides from each animal in the study; see Attachment 1, an
example of use to keep track of each slides during each electrophoresis run. Each laboratory
will need to provide its own electrophoresis box chart, as different boxes can accommodate
different numbers of slides). The electrophoresis solution will be poured until the surfaces of
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the slides are completely covered with the solution. The slides will be left to be unwind for 20
minutes. Next, the slides will be electrophoresed at 0.7 to 1 V/cm (Notes: the voltage may be
defined more strictly, e.g. 0.7 exactly, based on the 3rd phase validation study results), with a
constant voltage at approximately 0.30 A. The current at the start and end of the electrophoresis
period should be recorded. The temperature of the electrophoresis solution through unwinding
and electrophoresis should be maintained at a constant temperature <10C . The temperature
of the electrophoresis solution at the start of unwinding, the start of electrophoresis, and the end
of electrophoresis should be recorded. The electrophoresis duration should result in an average
DNA migration in the negative control group of 1-8% DNA in the tail for the liver, and 1-30%
(preferably 1-20%) DNA in the tail for the stomach.
1.4.9. Neutralization and dehydration of slides
After completion of electrophoresis, the slides will be immersed in the neutralization buffer for
at least 5 minutes. All slides will be dehydrated by immersion into absolute ethanol (99.6%)
for at least 5 minutes if slides will not be scored soon, allowed to air dry, and then stored until
scored at room temperature, protected from humidity > 60 %. Once scored, slides should be
retained and stored under low humidity conditions (e.g., in a desiccator) for potential rescoring.
1.4.10. DNA staining, comet visualization and analysis
Coded slides will be blind scored according to laboratory specific SOPs. The slides will be
stained with SYBR Gold according to manufacturer‟s specifications. The comets will be
measured via a digital (e.g. CCD) camera linked to an image analyzer system using a
fluorescence microscope at magnification of 200X. For each sample (animal/tissue), fifty
comets cells per slide will be analyzed, with 2 slides scored per sample (Notes: to be
re-evaluated after statistical analysis). Approximately 10 areas/slide should be observed at 5
cells or less/field (may require dilution of cell suspension during the single cell preparation
process), taking care to avoid any selection bias, overlap counting of cells, and edge areas of
slides. Heavily damaged cells exhibiting a microscopic image (commonly referred to as
hedgehogs) consisting of small or non-existent head and large, diffuse tails will be excluded
from data collection if the image analysis system can not properly score them (Add pictures in
an appendix – indicate if scorable by software then should be scored). However, the frequency
of such comets should be determined per sample, based on the visual scoring of 100 cells per
sample. The comet endpoints collected will be % tail DNA, tail length in microns measured
from the estimated edge of the head region closest to the anode, and, if possible for a particular
image analysis system, Olive tail moment [= a measure of tail length (a distance between a
center of head mass and a center of tail mass; microns) X a measure of DNA in tail (% tail
DNA/100): Olive et al., 1990]. (Notes: at Atagawa meeting held on March 13-14, 2008, there
were some discussions about necessity of tail length and Olive tail moment. As a tentative
consensus, these parameters are no longer necessary to analyze statistically in this validation
effort, because %DNA in tail seems a sufficient endpoint for validation. But data on tail length
and tail moment will be collected to prepare for the future analysis)
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1.4.11. Histopathology
When a positive Comet assay response is obtained for a tissue, a sample histopathological
assessment will be conducted to evaluate for the presence of examined for the tissue according
to the SOP in each testing facility.

2

STATISTICS
Different approaches for data analysis have been proposed for comet data generated across a
range of test substance dose levels (Lovell et al. 1999; Hartmann et al. 2003; Wiklund and
Agurell 2003). The primary endpoint of interest for DNA migration is the % tail DNA. In
addition, the distribution of migration patterns among cells within an animal will be considered.
The percentage of “hedgehogs” and of cells with low molecular weight DNA will also be
evaluated as a function of treatment. The unit of analysis for a specific tissue is the individual
animal. Each laboratory may make their own conclusion about the in vivo genotoxicity of a test
substance using their standard approach.
In data analysis process of this validation study, three conceptual key terms, i.e. “Endpoint”,
“Estimate”, and “Effect” are defined and used. Briefly, “Endpoint” is defined as individual
observed values for a parameter such as % DNA in tail. “Estimate” is defined as a mean or
median calculated with values of a particular “Endpoint” in each animal. “Effect” is defined as
difference or ratio of an average of “Estimate” between a negative control group and a
treatment group. A general purpose in data analysis of validation studies is to investigate how
large variation exists among data from testing facilities, and “Effect” is considered as a good
yardstick (criterion) to understand the variation of Comet parameters among testing facilities.
Thus “Effect” will be used in this validation study. Dunnett‟s one side test is also applied for
data analysis.

3

DATA AND REPORTING

3.1 Treatment of results
Individual animal data and group summaries will be presented in a fixed tabular form that will
be provided from the VMT.
3.2 Evaluation and interpretation of results
A positive response is defined as a statistically significant change in the % tail DNA in at least
one dose group at a single sampling time in comparison with the negative control value. The
positive control should produce a positive response, and if not, the study data will not be
acceptable. Where a positive response is obtained in a test substance group, the investigator(s)
will assess the possibility that a cytotoxic rather than a genotoxic effect is responsible based on
the percentage of cells with low molecular weight DNA and histopathology. Positive results
indicate that the test substance induce DNA damage in the target tissue(s) investigated.
Negative results indicate that, under the test conditions used, the test substance does not induce
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DNA damage in vivo in the tissue(s) evaluated.
3.3 Study report
The study report from each testing facility will at least include the following information:
3.3.1
Test substance and positive/negative controls
Identification; CAS number; supplier; lot number; physical nature and purity; physiochemical
property relevant to the conduct of the study, if known; justification for choice of vehicle; and
solubility and stability of the substances in the solvent/vehicle, if known.
3.3.2 Test animals
Species/strain used; number, age and sex of animals; source, housing conditions, quarantine and
acclimation procedure, and animal identification and group assignment procedure; individual
weight of the animals on the day of receipt, at the end of the acclimation period, and before
administration (at the time of grouping), including body weight range, mean and standard
deviation for each group; and choice of tissue(s) and justification.
3.3.3
Reagents to prepare reagent solutions
Identification; supplier; lot number; and time limit for usage if known.
3.3.4 Test conditions
Data from range-finding study, if conducted; rationale for dose level selection; details of test
substance preparation; details of the administration of the test substance; rationale for route of
administration; methods for verifying that the test substance reached the general circulation or
target tissue, if applicable; details of food and water quality; detailed description of treatment
and sampling schedules; method of measurement of toxicity, including histopathology; detailed
methods of single cell preparation; method of slide preparation, including agarose concentration,
lysis conditions, alkali conditions and pH, alkali unwinding time and temperature,
electrophoresis conditions (pH, V/cm, mA, and temperature at the start of unwinding and the
start and the end of electrophoresis) and staining procedure; criteria for scoring comets and
number of comets analyzed per slide, per tissue and per animal; evaluation criteria; criteria for
considering studies as positive, negative or equivocal.
3.3.5
Results
Signs of toxicity, including histopathology in the appropriate tissue(s) if applicable; individual
and mean/median values for DNA migration (and ranges) and % cells with low molecular
weight DNA and % hedgehogs in individual tissue, animal, and group; concurrent positive and
negative control data; and statistical evaluation.
3.3.6
4

Discussion of the results and/or conclusion, as appropriate.

ARCHIVES AND REVIEW
The study report and all raw data (including slide samples and image data) from this study will
be retained according to the SOP in each testing facility. All raw data will be submitted to the
management team for review if required.
127

5

REFERENCES
Burlinson B, et al., 4th International Workgroup on Genotoxicity Testing: result of the in vivo
comet assay workgroup (in preparation).
Collins AR, et al., Direct enzymatic detection of endogenous oxidative base damage in human
lymphocyte DNA. Carcinogenesis, 14, 1733-1735, 1993.
Hartmann A, et al., Recommendation for conducting the in vivo alkaline Comet assay.
Mutagenesis, 18(1), 45-51, 2003.
Lovell DP, G Thomas G, R Dubow., Issues related to the experimental design and subsequent
statistical analysis of in vivo and in vitro comet studies. Teratog Carcinog Mutagen. 19(2),
109-119, 1999.
Olive PL, et al., Heterogeneity in radiation-induced DNA damage and repair in tumor and
normal cell using the “comet” assay. Radiat. Res., 122, 86-94, 1990.
Tice RR et al., Single cell gel/Comet assay: guidelines for in vitro and in vivo genetic toxicology
testing. Environ. Mol. Mutagen., 35, 206-221, 2000.
Wiklund SJ, E Agurell., Aspects of design and statistical analysis in the Comet assay.
Mutagenesis 18(2):167-175, 2003.

128

Attachment 1:
SLIDES UNWINDING & ELECTROPHORESIS RECORDING SHEET
Electrophoresis Run #

Initials & Date

Approximate alkaline electrophoresis buffer
volume in chamber
Unwinding
Time

Total Start

End

Total Start

End

Buffer Temperature
Electrophoresis
Running time
Volts
Milliamperes
Buffer Temperature
Thermometer No.
Electrophoresis chamber No.
Power supply No.

A

Diagram Electrophoresis Chamber

+

B

-

1

9

2

10
4

II

3

11

III

4

12

IV

5

13

V

6

14

VI

7

15

VII

8

16

VII

I

-

+

BLACK(-)

Study #

RED(+)

+
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Position of slide in
+

chamber

Phase 4.1 Appendix 2
INTERNATIONAL VALIDATION OF THE IN VIVO RODENT ALKALINE
COMET ASSAY FOR THE DETECTION OF GENOTOXIC CARCINOGENS
- Study Plan for 1st Step of 4th Phase Validation Study Issued by: the Validation Management Team (VMT)
Date: May 10, 2009

PURPOSE OF THIS DOCUMENT
This document is provided as a supplement to the study protocol to clarify the purpose,
schedule, and specific notes of each trial of an international validation study to evaluate the
ability of the in vivo rodent alkaline Comet assay.

STUDY TITLE
1st step of 4th phase validation study of international validation of the in vivo rodent
alkaline Comet assay for the detection of genotoxic carcinogens (abbreviation: 1st step of 4th
phase validation study of in vivo Comet assay)

BACKGROUND AND PURPOSE OF THIS STUDY
In the 3rd phase of the in vivo Comet assay validation study, three coded test compounds
and EMS, a positive control, were assayed in four leading laboratories in accordance with the
Comet assay protocol-version 13, and generally comparable data were obtained. To obtain more
consistent data between laboratories, the protocol was further optimized and revised to version
14. The version 14 protocol additionally involves 3 treatments (0, 24, and 45 h) before
collecting liver and glandular stomach tissue samples at 48 h after the first treatment. This
allows for the detection of DNA damage using the Comet assay and of micronuclei in blood
erythrocyte using the standard micronucleus assay in the same animals, which will significantly
reduce the use of animals for in vivo genotoxicity testing.
In the 1st step of the 4th phase of this validation study, the purpose is to examine the extent
of reproducibility and variability of assay results among laboratories using coded test chemicals
and the positive control EMS, when experiments are conducted in accordance with the Comet
assay protocol-version 14. After reviewing data from this study, the VMT will decide whether
or not the 2nd step of 4th phase validation study can be started with an expanded set of test
chemicals.

SCHEDULE
May 10, 2009:

Agreement of the study plan by the VMT

~May 20, 2009: Delivery of protocol-version 14 and study plan to testing facilities
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~May 31, 2009:

Delivery of one test chemical

~June 30, 2009:

Delivery of data-spread sheet (Excel file)

June ~ August, 2009: Experimental period (the experiment should be started after acceptance of
the study protocol and preparation of appropriate SOPs in each testing
facility; the inputted data-spread sheet should be submitted to VMT soon
after the data are available)
August 25-26, 2009: Meeting on Comet international validation study at Firenze, Italy (data
will be presented by each laboratory, if possible)
September 30, 2009: Deadline of all data submission to VMT
~October 31, 2009: Limited data analysis and decision-making by VMT to start the 2nd step of
4th phase validation study with the expanded set of chemicals
~December 31, 2009: Finalization of data analysis

SPECIFIC NOTES
SUCCESS CRITERIA
To obtain positive results in all positive control groups in all testing facilities.
To obtain consistent positive or negative results in testing facilities that examine the same
test chemical.
OTHERS
Dose selection of coded test chemical
The dose levels of coded test chemical will be decided by each facility. The VMT may
provide some toxicological information such as LD50 about the coded test chemical to assist in
this process.
Solvent/vehicle
The solvent/vehicle to prepare the dosing formulation of coded test chemical will be decided by
each facility.
Comet visualization and analysis
The VMT and Consultation team will send a color atlas for reference to distinguish between
comets and hedgehogs to each facility by the end of May, 2009. Each facility should base their
decision criteria on this color atlas.
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1.

Introduction
1. The in vivo rodent alkaline Comet assay is used worldwide for detecting DNA damage as
evidenced by strand breaks. The assay can be applied to the investigation of genotoxic potential
of test chemicals, and is currently identified as a second in vivo genotoxicity assay in the
ICH-S2(R1) guidance (2012) along with the more usual in vivo micronucleus test in bone
marrow or peripheral blood. The Comet assay protocol has been discussed in the meetings of the
International Workshops on Genotoxicity Testing (IWGT) and the International Comet Assay
Workshop (ICAW), and consensus articles have been published (Tice, et al., 2000, Hartmann, et
al., 2003, Burlinson, et al., 2007).
2. The assay, however, has not been validated formally with a standardized study protocol. In
addition, since reports on the predictive capability of the in vivo rodent Comet assay for
carcinogenicity are limited (Sasaki, et al., 2000, Sekihashi, et al., 2002, Kirkland, et al., 2008a),
the investigation of predictive capability in multiple laboratories using one validated study
protocol would be more useful to understand the overall performance of the assay. The Japanese
Environmental Mutagen Society/the Mammalian Mutagenicity Study Group (JEMS/MMS)
decided to have an (international) collaborative study of the in vivo Comet assay in 2003, and
conducted a preliminary collaborative study on Comet assay procedure, e.g., comparison of
assay results between whole cells and isolated nuclei (Nakajima, et al., 2012). At the same time
other groups of scientists wished to establish an OECD guideline for the Comet assay. A
coordinated validation effort for the in vivo Comet assay was therefore required, and so the
Japanese Center for the Validation of Alternative Methods (JaCVAM) organized an international
validation study, commencing April, 2006, in cooperation with the U.S. National Toxicology
Program Interagency Center for the Evaluation of Alternative Toxicological Methods
(NICEATM) and the Interagency Coordinating Committee on the Validation of Alternative
Methods (ICCVAM), the European Centre for the Validation of Alternative Methods (ECVAM),
and JEMS/MMS.
3. The purpose of this validation study was to evaluate the ability of the in vivo Comet assay to
identify genotoxic chemicals as a potential predictor of rodent carcinogenicity, and as an
alternative follow-up assay to more the commonly used in vivo rodent Unscheduled DNA
Synthesis (UDS) assay. The ultimate goal of this validation effort is to establish an OECD
guideline for the in vivo rodent alkaline Comet assay.

2.

Background and Purpose
4. In the 1st step of the 4th phase validation study (Phase 4-1), the purpose was to examine the
extent of reproducibility and variability of the in vivo Comet assay results among laboratories
using a small number of coded test chemicals and the positive control ethyl methanesulfonate
(EMS), when experiments were conducted in accordance with the Comet assay
protocol-version 14. In the review of study data, the Validation Management Team (VMT)
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confirmed the acceptable overall reproducibility and variability of assay results among
laboratories for the positive control and 3 of the 4 coded chemicals. Thus the VMT decided to
move onto the 2nd step of 4th phase validation study (Phase 4-2) with an expanded set of test
chemicals. However, due to continuing concerns with the detection of 2-AAF (the 4th of the
coded chemicals in Phase 4-1) and issues regarding cytotoxicity, the Comet assay protocol was
further modified to version 14.2 (Appendix 1) for the Phase 4-2 studies.
5. The purpose of Phase 4-2 was to investigate the predictive capability of the assay relative to
the carcinogenicity of selected test chemicals and taking into account expectations of effect
based on existing genotoxicity and other data and, information on mode of action (see the study
plan: Appendix 2).

3.

Experimental Period
December, 2009 - February, 2012

4.

Participant Laboratories
6. Fourteen laboratories* participated in the Phase 4-2 validation study. These included four
leading laboratories# that were very experienced in the Comet assay and participated in the first
three phases of the pre-validation studies, plus ten laboratories that passed the recruitment
process for this 4th phase validation study.
* Merck Research Laboratories# (code: Lab B), BioReliance# (Lab C), Huntingdon Life
Sciences# (Lab D), Food and Drug Safety Center# (Lab E), The Institute of Environmental
Toxicology (Lab F), Novartis Pharma (Lab G), AstraZeneca (Lab H), Sumitomo Chemical (Lab
I), Mitsubishi Chemical Medience (Lab J), Janssen R&D (Lab K), Health Canada (Lab L),
Covance (Lab M), Bayer Schering Pharma (Lab N), and Integrated Laboratory System (Lab O).

5.

Success Criteria in the Study Plan (Appendix 2)
7. To obtain the predictive capability (values of positive sensitivity and negative specificity) of
the assay in relation to the carcinogenicity of the test chemicals, the VMT discussed at a
meeting held at Salt Lake on March 12, 2010, whether or not expected positive sensitivity and
negative specificity should be set as success criteria before starting this step of validation study.
The VMT concluded that it was unnecessary because such values would be calculated
resultantly after the validation study. However, these data will be disclosed and can be used for
further analysis by anyone who wants to re-evaluate. Although it was a primary objective to
determine the sensitivity and specificity of the rodent in vivo Comet assay in relation to the
known carcinogenicity of the chemicals, it was also considered relevant to take into account
species-specific and tissue specific carcinogenic effects that may not be detected in the rat or in
the tissues selected for the validation exercise (namely glandular stomach and liver), route of
administration that may not be optimal, and also modes of action that may not give rise directly
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to DNA damage (e.g. aneuploidy). Therefore, a supplementary analysis of the expected Comet
assay outcomes in the stomach and liver of rats for the known genotoxic carcinogens and
non-carcinogens was conducted after the trial was completed, and this supplementary analysis is
also included in the Discussion.
6.

Materials and Methods
8. In this section an outline of the materials and methods is described. The details are referred to
in the validation study protocol version 14.2 (Appendix 1), and the study reports written by each
laboratory (Appendix 4).
9. An individual study protocol was prepared in each laboratory in accordance with the
validation study protocol v.14.2. The experiments proceeded in each facility based on their own
study protocol and SOPs.

6-1. Animal species, strain, and sex
10. Rats were selected in this validation effort because they are the most popular species in
toxicology studies. Crl:CD(SD) male rats were used.
6-2. Test chemicals, vehicles, and dose levels
11. Forty coded test chemicals were used in this study (Table 1). The reasons for selection of
those test chemicals are described in the chemical selection report written by Dr. Takeshi Morita
(Appendix 3). Briefly, test chemicals were selected from four categories based on their
genotoxicity and carcinogenicity properties, i.e., genotoxic carcinogens, genotoxic
non-carcinogens, non-genotoxic carcinogens, and non-genotoxic non-carcinogens. Genotoxicity
was defined as a positive result in the Ames test or in standard in vivo genotoxicity tests such as
the bone-marrow micronucleus assay. Results of in vitro genotoxicity assays using mammalian
cells were not always considered as relevant for test chemical selection, since mammalian cell
genotoxicity assays often produce irrelevant positive results for in vivo genotoxicity and/or
carcinogenicity (Kirkland, et al., 2005). In consideration of this background, non-genotoxic
non-carcinogens used in this validation study included four chemicals considered to produce
irrelevant positive results in mammalian cell genotoxicity assays, i.e., o-anthranilic acid,
ethionamide, isobutyraldehyde and t-butylhydroquinone. These are listed as the so-called
“false-positive” chemicals in the recommended list of genotoxic and non-genotoxic chemicals
for assessment of the performance of new or improved genotoxicity tests (Kirkland, et al.,
2008b). Carcinogenicity was defined as positive results in rodent (rat and/or mouse)
carcinogenicity studies, or known human carcinogens.
12. The test chemicals included organic and inorganic chemicals with various modes of action
for genotoxicity and/or carcinogenicity, e.g., base-alkylation, aneugenic effects, bulky adduct
formation, formation of cross-links, epoxide formation, nucleoside analogue, cytotoxicity, and
peroxisome proliferation.
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13. The test chemicals were randomly coded by JaCVAM (Table 1), and sent to an assigned
chemical master of each testing facility, who was independent of the validation study. Since the
VMT considered that the intra- and inter-laboratory reproducibility of the assay had already
been demonstrated amongst the participating laboratories using the four coded test chemicals
and the positive control EMS in Phase 4-1, each of the 40 coded test chemicals in Phase 4-2 was
evaluated in one laboratory (Table 1). The vehicle for each coded test chemical was
appropriately selected in each testing facility (Table 1). The VMT provided some toxicological
information such as the LD50, if available from the published literature, in order to assist the
dose selection process in each laboratory. However, for most chemicals the dose levels were
decided in each facility based on the results of preliminary dose range-finding studies designed
in each laboratory (Appendix 4). The exceptions to this process were the selection of dose levels
and vehicles by the VMT for three chemicals, N-nitrosodimethylamine, 1,2-dimethylhydrazine
and sodium arsenite, which needed to be retested in another laboratory (Table 1).
Table 1

Test chemical code, test chemical name, category, laboratory tested, vehicle, and dose
levels

Test

Test chemical name

Category of

Lab tested

chemical

(CASRN)

genotoxicity and

(coded lab

carcinogenicity

name)

2-Acetylaminofluorene

Genotoxic

Lab O

Corn oil

250, 500, 1000

(53-96-3)

carcinogen

1,3-Dichloropropene

Genotoxic

Lab C

Corn oil

50, 100, 200

(542-75-6)

carcinogen

Ethionamide

Non-genotoxic

Lab C

Corn oil

125, 250, 500

(536-33-4)

non-carcinogen

Busulfan

Genotoxic

Lab C

Corn oil

10, 20, 40

(55-98-1)

carcinogen

N-Nitrosodimethylamine

Genotoxic

Lab L

Saline

2.5, 5, 10

(62-75-9)

carcinogen

Lab O *

Saline *

0.63, 1.25, 2.5 *

Ampicillin trihydrate

Non-genotoxic

Lab L

Saline

25, 50, 100

(7177-48-2)

non-carcinogen

Corn oil

500, 1000, 2000

1,2-Dimethylhydrazine

Genotoxic

Lab L

Saline

6.25, 12.5, 25

dihydrochloride (306-37-6)

carcinogen

Lab O *

Saline *

1.56, 3.13, 6.25 *

Isobutyraldehyde

Non-genotoxic

Lab B

Corn oil

500, 1000, 2000

(78-84-2)

non-carcinogen

Cisplatin

Genotoxic

Lab B

0.5% CMC

6, 12.5, 25

(15663-27-1)

carcinogen

Azidothymidine

Genotoxic

Lab B

0.5% CMC

500, 1000, 2000

(30516-87-1)

carcinogen

code
A4114

A4201

A4202

A4203

A4204

A4205

A4206

A4207

A4208

A4209
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Vehicle

Dose level
(mg/kg/day)

A4210

p-Chloroaniline

Genotoxic

Lab D

Corn oil

37.5, 75, 150

(106-47-8)

carcinogen

Test

Test chemical name

Category of

Lab tested

Vehicle

Dose level

chemical

(CASRN)

genotoxicity and

(coded lab

carcinogenicity

name)

t-Butylhydroquinone

Non-genotoxic

Lab D

Corn oil

131.3, 262.5, 525

(1948-33-0)

non-carcinogen

Methyl carbamate

Non-genotoxic

Lab D

Saline

500, 1000, 2000

(598-55-0)

carcinogen

Methyl methanesulfonate

Genotoxic

Lab G

Saline

20, 40, 80

(66-27-3)

carcinogen

2,6-Diaminotoluene

Genotoxic

Lab G

Corn oil

150, 300, 600

(823-40-5)

non-carcinogen

5-Fluorouracil

Genotoxic

Lab G

Saline

25, 50, 100

(51-21-8)

non-carcinogen

8-Hydroxyquinoline

Genotoxic

Lab N

Corn oil

125, 250, 500

(148-24-3)

non-carcinogen

Hydroquinone

Genotoxic

Lab N

Saline

125, 250, 500 1)

(123-31-9)

carcinogen

Saccharin

Non-genotoxic

Lab N

Corn oil

500, 1000, 2000

(81-07-2)

carcinogen

Sodium arsenite

Genotoxic

Lab M

Saline

7.5, 15, 30

(7784-46-5)

carcinogen

Lab O *

Saline *

7.5, 15, 30 *

Thioacetamide

Non-genotoxic

Lab M

Saline

19, 38. 75

(62-55-5)

carcinogen

Diethanolamine

Non-genotoxic

Lab M

Saline

175, 350, 700

(111-42-2)

carcinogen

p-Phenylenediamine

Genotoxic

Lab K

Saline

25, 50, 100

dihydrochloride (624-18-0)

non-carcinogen

o-Phenylphenol sodium salt

Non-genotoxic

Lab K

Corn oil

250, 500, 1000

(132-27-4)

carcinogen

2,4-Diaminotoluene

Genotoxic

Lab K

Saline

100, 150, 200

(95-80-7)

carcinogen

4,4‟-Oxydianiline

Genotoxic

Lab H

0.5% CMC

50, 100, 200

(101-80-4)

carcinogen

o-Anisidine

Genotoxic

Lab O

Corn oil

150, 300, 600

(90-04-0)

carcinogen

code
A4211

A4212

A4213

A4214

A4215

A4216

A4217

A4218

A4219

A4220

A4221

A4222

A4223

A4224

A4225

A4226
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(mg/kg/day)

A4227

Sodium chloride

Non-genotoxic

(7647-14-5)

non-carcinogen

Acrylonitrile

Genotoxic

(107-13-1)

carcinogen

Test

Test chemical name

chemical

(CASRN)

A4228

Lab O

Water

500, 1000, 2000

Lab E

Corn oil

15.7, 31.3, 62.5

Category of

Lab tested

Vehicle

Dose level

genotoxicity and

(coded lab

carcinogenicity

name)

9-Aminoacridine hydrochloride

Genotoxic

Lab E

Corn oil

15.7, 31.3, 62.5

monohydrate (52417-22-8)

non-carcinogen

Ethanol

Non-genotoxic

Lab E

Saline

500, 1000, 2000

(64-17-5)

carcinogen

1,2-Dibromomethane

Genotoxic

Lab J

Corn oil

25, 50, 100

(106-93-4)

carcinogen

p-Anisidine

Genotoxic

Lab J

0.5% CMC

125, 250, 500

(104-94-9)

non-carcinogen

o-Anthranilic acid

Non-genotoxic

Lab J

0.5% CMC

500, 1000, 2000

(118-92-3)

non-carcinogen

Benzene

Genotoxic

Lab I

Corn oil

500, 1000, 2000

(71-43-2)

carcinogen

Di(2-ethylhexyl)phthalate

Non-genotoxic

Lab I

Corn oil

500, 1000, 2000

(117-81-7)

carcinogen

Trisodium EDTA monohydrate

Non-genotoxic

Lab I

Saline

500, 1000, 2000

(10378-22-0)

non-carcinogen

Cadmium chloride

Genotoxic

Lab F

Saline

20, 40, 80

(10108-64-2)

carcinogen

Chloroform

Non-genotoxic

Lab F

Corn oil

125, 250, 500

(67-66-3)

carcinogen

D,L-Menthol

Non-genotoxic

Lab F

Corn oil

125, 250, 500

(15356-70-4)

non-carcinogen

code
A4229

A4230

A4231

A4232

A4233

A4234

A4235

A4236

A4237

A4238

A4239

*

(mg/kg/day)

The vehicle and dose levels were directed by VMT, because those chemicals were retested in another laboratory due to the reasons
described in the section 7-2.

6-3.
Positive control
14. EMS was used as a positive control in this validation, because it is a well-known genotoxic
chemical for multiple organs, and had been shown to give reproducible responses in the
pre-validation studies and in Phase 4-1. EMS was dissolved in physiological saline, and
administered orally by gavage to rats at the dose level of 200 mg/kg twice (21 hr interval).
6-4.

VMT consensus about expected assay results for test chemicals
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15. It would be necessary to have expected assay results for each category of four classes of test
chemicals (i.e., genotoxic carcinogen, genotoxic non-carcinogen, non-genotoxic carcinogen, and
non-genotoxic non-carcinogen) before review of assay results in order to avoid any bias for the
evaluation of assay results. VMT discussed and decided expected assay results at Salt Lake
meeting held on March 12, 2010, as follows.
6-4-1. Genotoxic carcinogen: positive results will be expected in the liver and/or the stomach.
Target organ specificity of carcinogenicity may be considered for the interpretation of
negative results, but it should be minimized because our validation study protocol is
designed for screening purpose against carcinogenicity without consideration of the
target organ specificity.
6-4-2. Genotoxic non-carcinogen: negative results will be preferred in both the liver and the
stomach, but positive results will be acceptable because this category of chemicals is
considered to have genotoxic activity essentially.
6-4-3. Non-genotoxic carcinogen: negative results will be preferred in both the liver and the
stomach, but positive results will be acceptable because this category of chemicals may
have some genotoxic mode of action for carcinogenicity. But, in case of positive
response of known cytotoxic agents, more careful consideration will be required for the
interpretation of positive results.
6-4-4. Non-genotoxic non-carcinogen: negative results will be expected.
16. The above expectations were not disclosed to the participating laboratories prior to testing.
17. Although the above were defined as the pre-trial expectations (i.e. based mainly on
carcinogenic properties), as mentioned above, it was subsequently considered useful and
important to consider species-specific and tissue specific effects, route of administration and
mode of action, and to thereby predict the outcome of the Comet assay in rat liver and stomach
for these chemicals, irrespective of the overall carcinogenicity. Thus, a supplementary analysis
was performed, taking such factors into account, and is included in the Discussion.
6-5. Administration of test chemical to animals
18. Each coded test chemical was administered to rats at three dose levels, on three occasions (0,
24 and 45 hours, i.e. with 24 and 21 hours intervals between the doses) by oral gavage. This
administration regimen was designed to allow the combination of micronucleus and Comet
endpoints into a single assay, in consideration of the 3R‟s principle for animal use. Investigation
into micronucleus induction was optional and micronucleus data are not included in this
validation study (micronucleus data may be included in study reports written by testing
facilities: Appendix 4).
6-6. Organs analyzed
19. The liver and the stomach (glandular stomach) were selected in this validation effort,
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because the former is the primary organ for the metabolism of absorbed chemicals, and the latter
is a site of first contact of chemicals after oral administration. These organs were recommended
for screening of genotoxic chemicals in the previous discussion in ICAW (Hartmann, et al.,
2003).
6-7. Data-acceptance criteria
20. Data-acceptance criteria were determined based on the 1st to 3rd phase pre-validation study
results. The criteria for data-acceptance were:
6-7-1. Negative (vehicle) control
Means of %DNA in tail are 1-8% in the liver and 1-30% (preferably 1-20%) in the stomach.
6-7-2. Positive control (EMS)
Effect (difference of means of % DNA in tail between EMS and vehicle control groups) must
show a statistically significant increase (see the section 6-8.) and be 5% or higher in the liver
and the stomach. This section 6-7-2. is the primary criterion for data-acceptance.
6-8.
Data analysis of % DNA in tail
21. % DNA in tail was used as the primary endpoint of this validation study, because it is
considered linearly related to the DNA break frequency over a wide range of DNA damage
levels (Hartmann, et al., 2003). Other parameters such as tail moment and tail length may be
calculated and reported in the study reports written by the testing facilities (Appendix 4), but no
statistical analysis was applied to such parameters in this validation study report.
22. Three conceptual key terms, “Endpoint”, “Estimate” and “Effect” were defined and used in
the data analysis of this validation study. Briefly, Endpoint is defined as individual observed
values for a parameter such as % DNA in tail. Estimate is defined as a mean calculated with
values of the Endpoint in each animal. Effect is defined as the difference (hereafter designated
as Effect (diff.)) or ratio (hereafter designated as Effect (ratio)) of a mean of an Estimate
between a negative control group and a treatment group. The general purpose of data analysis in
validation studies is to investigate how large is the variation that exists among data from several
testing facilities, and Effect is considered as a good indicator to understand the variation of
comet assay parameters among testing facilities. VMT noticed through the 1st to the 3rd phase
pre-validation studies that Effect (diff.) was more useful for the comparison of variation than
Effect (ratio), because Effect (ratio) depended on the magnitude of the negative control values
(i.e. lower negative control values easily produced higher Effect (ratio)) and would be often
misleading in the evaluation of responses induced following a test chemical administration.
Therefore Effect (diff.) was used to evaluate the assay results.
23. Dunnett‟s test (two-sided, P<0.05) and the linear Trend test (two-sided, P<0.05) were
applied to Effect (diff.) in the groups of coded test chemicals. The two-sided analysis was used
because both increases and decreases in the comet parameter could be detected, although
decreases could be detected more easily in the stomach where control % tail DNA levels were
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higher than in the liver. A decreased % DNA in tail was expected to be a good index to detect
cross-linking agents. For the positive control group, Student‟s t-test (one-sided, P<0.025) was
applied to the Effect (diff.).

6-9. Histopathology
24. Regarding the evaluation of cytotoxicity, the “Gold Standard” for assessing levels of necrosis
and apoptosis when an in vivo Comet assay was positive was concluded to be histopathology.
This was a consensus recommendation of the IWGT meeting in 2005 (Burlinson, et al., 2007),
where it was also pointed out that there was a need to standardize ways to present
histopathological findings. In this validation study, when increased % DNA in tail was observed
in the liver and/or stomach, the organ(s) was histopathologically examined by pathologists of
the testing laboratory, except for retests of N-nitrosodimethylamine, 1,2-dimethylhydrazine and
sodium arsenite, which were examined by pathologists in Biosafety Research Center (BSRC).
The reason why the histopathological effects of those three chemicals were examined in
laboratories other than those that performed the Comet assays was as follows. At the time of the
retests in Lab O, BSRC planned independent re-examination of the histopathology of tissue
samples from the animals treated with test chemicals, if the samples were available. In addition,
Lab O asked BSRC to examine the histopathology on their behalf. The VMT and BSRC
accepted this proposal (note: the BSRC examination was independent from this validation study,
but the report is available for review. See the report of “Evaluation of pathological specimens
obtained from Comet assay validation studies” (Appendix 7).
25. Based on the IWGT consensus recommendations (Burlinson, et al., 2007), the VMT decided
that histopathology results should primarily be considered to interpret any relationship between
positive findings in the Comet assay and the cytotoxic effects of the test chemicals.
Increased % hedgehog cells was also under consideration for cytotoxicity evaluation, but it was
not adopted in this validation study. However, the data were collected because increased %
hedgehog cells may be useful to indicate not only cellular toxicity but also DNA damage.
26. In histopathological examination, the VMT considered that necrosis and/or degeneration (or
findings indicating degenerative changes) would be the main indicators of cellular toxicity. In
contrast, apoptosis could indicate both cellular toxicity and DNA damage.
In deciding standardized ways to present histopathological findings, the VMT firstly reviewed
histopathological data of test chemicals showing negative results in Comet assay. For most of
the negative compounds, there seemed to be no histopathological findings indicating
cytotoxicity related to chemical treatment, except for the following cases.
1) 5-Fluorouracil: single cell necrosis in glandular stomach mucosa (grade: minimal; incidence:
two of five (2/5) rats at 25 mg/kg, and 5/5 rats at 50 and 100 mg/kg)
2) Hydroquinone: single cell necrosis in hepatocytes (minimal to slight; 5/5 rats at 500 mg/kg)
3) Di(2-ethylhexyl)phthalate: eosinophilic degeneration/necrosis in hepatocytes (slight; 5/5 rats
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at 2000 mg/kg)
4) Histopathology of the stomach with many chemicals (e.g., o-phenylphenol sodium salt,
p-anisidine, o-anthranilic acid) showed ulcer/erosion in the glandular stomach or
forestomach, and the grade of lesions was minimal to slight (or mild). Since these findings
are often observed in rats, it is thought to be caused by stress (secondary changes), and may
not always indicate cytotoxicity.
27. Since the above chemicals all gave negative comet results, these findings indicate that
minimal to slight (or mild) histopathological changes related to cytotoxicity would not affect
increased % DNA in tail in the liver and the stomach. Therefore, the VMT decided that both the
grade and the incidence of the histopathological changes should be considered in the
interpretation of cytotoxic effects in relation to Comet assay responses. For example, when one
of five animals showed minimal to slight (or mild) necrosis and/or degenerative findings in a
target organ, such weak changes would not be expected to affect the Comet assay results. In
addition, the study directors and/or pathologists in most of the participant laboratories
considered that minimal to slight (or mild) single cell necrosis or single cell death would not
affect the Comet assay results. The VMT agreed with this interpretation. On the other hand,
moderate or severe necrosis in the target organ could be considered sufficient to affect the
Comet assay results.
28. The above criteria were presented to participants at the Kyoto meeting held on September
12-13, 2011, and accepted. Based on those criteria, the VMT and the meeting-participants
interpreted the significance of positive findings in the Comet assay under coded conditions and
unaware of the chemical names (Appendix 6).
6-10. % hedgehog cells
29. The % hedgehog cells were determined based on the visual scoring of 100 cells per sample.
No statistical analysis was applied to % hedgehog.

7.

Results
30. In this section only outlines of the study results are described. The details are given in the
study reports for each laboratory (Appendix 4) and the statistical analysis of results by Dr.
Takashi Omori (Appendix 5).

7-1.Control groups
31. Figs. 1 and 2 summarize the lab-orderly means of % DNA in tail (Estimate) in the vehicle
and positive control EMS groups in the liver and the stomach, respectively.
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Fig. 1

Estimate (% DNA in tail) in the liver of vehicle control and positive control EMS groups in each lab.
Each column shows mean ± S.D. (n=5 animals).

Fig. 2

Estimate (% DNA in tail) in the stomach of vehicle control and positive control EMS groups in each
lab. Each column shows mean ± S.D. (n=5 animals).

7-1-1.Vehicle control groups
32. Figs. 3 and 4 are enlarged-figures of the lab-orderly Estimate in the vehicle control groups in
the liver and the stomach, respectively. All the values in the stomach satisfied the preferred
data-acceptance criteria of 1-20%, and there was little within/between-laboratory variability.
The values for the liver also met the data-acceptance criteria of 1-8% except for one experiment
with a coded test chemical, trisodium EDTA monohydrate in Lab I, where the actual mean
control value in the liver was below the lower limit of the recommended range at 0.7%. This
was not considered to be a serious deviation. In the liver, there was some between-laboratory
variability, but within-laboratory variability was minimal, indicating that experiments were
144

well-controlled in each laboratory. Figs. 5 and 6 show the vehicle-orderly Estimate in the
vehicle control groups (i.e. data grouped according to the different vehicles used) in the liver
and the stomach, respectively. In both organs, the control values were generally slightly higher
with corn oil compared with the other aqueous vehicles.
33. As a deviation from the validation study protocol v.14.2, in Lab M DNA was stained with
ethidium bromide (EtBr) instead of with SYBR Gold, since this laboratory routinely uses EtBr.
Thus the control data were separately shown in Fig. 9. Since EtBr is widely used for staining
DNA in the Comet assay, the VMT decided to accept the data from Lab M, although this
deviation should be taken into consideration for the data review. The negative control values in
both organs therefore satisfied the data acceptance criteria.

Fig. 3

An enlarged figure of Estimate (% DNA in tail) in the liver of vehicle control group in each lab. Each
column shows mean ± S.D. (n=5 animals). All values satisfied the data acceptance criteria 1-8%
except A4236.

Fig. 4

An enlarged figure of Estimate (% DNA in tail) in the stomach of a vehicle control group in each lab.
Each column shows mean ± S.D. (n=5 animals). All values satisfied the preferable data acceptance
criteria 1-20%.
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Fig. 5

An enlarged figure of Estimate (% DNA in tail) in the liver of each vehicle control group. Each
column shows mean ± S.D. (n=5 animals). Mean ± S.D.; Saline: 2.6 ± 1.7 (n=9), 0.5% CMC: 2.1 ±
0.8 (n=5), Corn oil: 3.1 ± 1.7 (n=16)

Fig. 6

An enlarged figure of Estimate (% DNA in tail) in the stomach of each vehicle control group. Each
column shows mean ± S.D. (n=5 animals).Mean ± S.D.; Saline: 9.0 ± 2.6 (n=9), 0.5% CMC: 8.7 ± 2.4
(n=5), Corn oil: 14.0 ± 4.5 (n=16)

7-1-2.Positive control groups
34. Figs. 7 and 8 show Effect (diff.) of mean %DNA in tail values between the vehicle control
group and the positive control group in the liver and the stomach, respectively. All Effect (diff.)
values were statistically significant using Student‟s t-test (one-sided, p<0.025), both in the liver
and the stomach, and all had 5% or higher % DNA in tail values. Therefore, it was judged that
all the positive control values satisfied the primary data-acceptance criteria. Regarding the
magnitude of increased % tail DNA in both organs, there was some between-laboratory
variability, but within-laboratory variability was minimal (see error bars on data shown in Figs.
1 and 2), indicating that experiments were well controlled in each laboratory.
35. As mentioned in the section 7-1-1., in Lab M the DNA was stained with EtBr instead of with
SYBR Gold, and thus the control data are separately shown in Fig. 9. The negative control
values and positive control responses in both organs satisfied the data acceptance criteria.
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Fig. 7

Effect (difference between means of negative and positive control groups) of % DNA in tail in the liver
in each lab. All data show statistically significant increases in Student‟s t-test (one-sided, p<0.025) and
5% or higher values, satisfying the primary data acceptance criteria.

Fig. 8

Effect (difference between means of negative and positive control groups) of % DNA in tail in the
stomach in each lab. All data show statistically significant increases in Student‟s t-test (one-sided,
p<0.025) and 5% or higher values, satisfying the primary data acceptance criteria.

147

Fig. 9

Estimate (% DNA in tail) in the liver and stomach of vehicle control and positive control EMS groups at
Lab M. Each column shows mean ± S.D. (n=5 animals).
As cells were stained with ethidium bromide, the data are shown separately.

7-2.
Acceptability of data for test chemical evaluation
36. Some deviations to protocol 14.2 were noted as mentioned in the section 7-1. Although no
reports have been found directly comparing the sensitivity of detection of DNA damage with
SYBR Gold and EtBr, it has been reported that there was no significant difference in the
sensitivity between SYBR Gold and propidium iodide (PI), although SYBR Gold was more
convenient for image analysis purpose (Kirkland, et al, 2008b). When considering that EtBr and
PI are equally used to stain DNA, it is speculated that SYBR Gold and EtBr would be as
comparable as SYBR Gold and PI. Thus the VMT considered that the deviations in the use of
EtBr were noncritical and did not affect the evaluation of coded test chemicals with the Comet
assay.
37. At a meeting at Huntingdon held on February 7-9, 2011, three other deviations from the
validation study protocol were pointed out as shown in the following items 1) to 3). In addition,
at the Kyoto meeting held on September 12-13, 2011, an issue relating to histopathological
analysis was noted, and is shown below as item 4). After those meetings, all the issues were
resolved as detailed in each item below:
1) Test chemical ampicillin trihydrate (Lab L) needed to be retested because no toxicity was
observed at the highest dose level of 100 mg/kg. This issue occurred because of a
misunderstanding related to the validation study protocol, i.e., ampicillin trihydrate was
soluble up to 10 mg/mL in saline which was the first choice of vehicle in the validation
study protocol, and Lab L believed that the solubility limit in saline was an appropriate
criterion by which to select the highest dose level (since dosing volume was designated as
10 mL/kg, the highest dose level was set at 100 mg/kg). When it was pointed out that higher
doses could be achieved by using corn oil, Lab L accepted that higher doses could be tested,
and reexamined ampicillin trihydrate up to 2000 mg/kg (upper limit dose of the validation
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study protocol) with corn oil as a vehicle.
2) It appeared that test chemical hydroquinone (Lab N) needed to be retested, because no
toxicity was observed in the highest dose level of 500 mg/kg. In accordance with the request,
Lab N retested hydroquinone with a top dose level of 750 mg/kg. However, 2 out of 5
animal deaths were observed at this dose level, indicating that hydroquinone exhibited a
steep toxicity curve, and induced severe toxicity with only a slight increase in the dose.
Therefore, 500 mg/kg of hydroquinone was considered to be the maximum tolerated dose,
and the Comet assay data up to 500 mg/kg were considered acceptable for the evaluation.
3) Test chemical sodium arsenite needed to be retested because an equivocal judgment was
reached following statistical analysis conducted by the VMT, whereas Lab M judged sodium
arsenite as positive based on their overall analysis. Since Lab M did not accept the need for
a retest, Lab O reexamined sodium arsenite.
4) Test chemicals N-nitrosodimethylamine and 1,2-dimethylhydrazine (both tested in Lab L)
induced increased % DNA in tail in the liver at all dose levels, but histopathology for the
liver was only examined at the highest dose levels, and cytotoxic changes were observed. In
those cases, histopathology data were also needed for the mid and low dose groups. The
VMT therefore asked for a retest with additional histopathology, but Lab L was unable to do
this and so Lab O retested N-nitrosodimethylamine and 1,2-dimethylhydrazine on their
behalf.
38. From the viewpoint of data-acceptance criteria (as defined above), the VMT considered that
all the data on coded test chemicals, including results of retests, would be acceptable for the
evaluation of the predictive capability of the in vivo Comet assay.
7-3. Coded test chemical groups
39. Table 2 shows the summary of results on all coded test chemicals. The table includes three
types of judgment on the Comet assay results, i.e., laboratory judgment, statistical judgment,
and final judgment. These are described as follows:
 Laboratory judgment is the conclusion of each testing facility, either “Positive”,
“Negative” or “Equivocal” based on their own statistical analysis and histopathological
consideration. Some laboratories also considered their own historical control range.
 The statistical judgment was simply based on the statistical analysis without consideration
of histopathology or historical control range, and it is shown as “Increase”, “Decrease”,
“Equivocal”, or “No change” in % DNA in tail. “Increase” means a statistically
significant increase in both Dunnett‟s and linear Trend tests, “Decrease” means a
statistically significant decrease in both statistical tests, “Equivocal” means a statistically
increase or decrease in either statistical test but not in both, and “No change” means no
significant change according to both statistical tests.
40. The final judgment was decided through discussion with all participants at the Kyoto meeting,
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and was based on the consideration of both statistical analysis and histopathology findings.
Chemicals were judged to be “Positive”, “Negative” or “Equivocal”. When a relevant increase
in % DNA in tail was noted in either the liver or the stomach, it was simply judged to be
“Positive”. Appendix 6 is a modified table originally used in the Kyoto meeting, and includes the
summary data on test chemicals showing increased % tail DNA.
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Table 2. Summary of 4th Phase-2nd Step Validation Study Results
Genotoxic carcinogens
Chemical

Vehicle

Dose mg/kg

Lab judge

Stat judge

Final judge

(CASRN)

Note
In vivo genotoxicity

Other information

2-Acetylaminofluorene
(53-96-3)

Corn oil

250, 500, 1000

Negative

No change

Negative

UDS, MN, Comet,
TG (L): +

Ames, CA: +
Rat Carc.: L, Mgl, Ski

Acrylonitrile
(107-13-1)

Corn oil

15.7, 31.3, 62.5

Negative (within
historical control
range)

Equivocal
(Trend: L),
Decrease (S)

Positive
(L)

UDS, MN, TG: Comet: +

Ames, CA: +
Rat Carc.: Zy, Nrv,
Orc. Smi, S, Mgl, Nas

15.7, 31.3, 62.5

Negative (within
historical control
range)

Increase
(L)

o-Anisidine
(90-04-0)

Corn oil

150, 300, 600

Negative

No change

Negative

UDS, MN: Comet, TG (Ubl): +

Ames, CA: +
Rat Carc.: Kid, Thy,
Ubl

Azidothymidine
(30516-87-1)

0.5% CMC

500, 1000, 2000

Positive

Increase(L),
Equivocal
(Trend:S)

Positive
(L)

MN: +

Ames: -, CA: +
Rat Carc.: Vag

Benzene
(71-43-2)

Corn oil

500, 1000, 2000

Negative

No change

Negative

MN, Comet: +
TG (L): -

Ames: -, CA: +
Rat Carc.: Zy, Nas,
Orc, Ski, S, Vsc

Busulfan
(55-98-1)

Corn oil

10, 20, 40

Negative

No change

Negative

MN, Comet: +

Ames, CA: +
Mouse Carc.: Hmo,
Ova

Cadmium chloride
(10108-64-2)

Saline

20, 40, 80

Positive

Increase(L),
Equivocal (Du:
S)

Positive
(L)

MN: + or Comet: -

Ames: -, CA: +
Rat Carc.: Hmo, Kid,
Lun, Pro, Tes
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Table 2. (continued)
Genotoxic carcinogens (continued)
Chemical
(CASRN)

Vehicle

Dose mg/kg

Lab judge

Stat judge

p-Chloroaniline
(106-47-8)

Corn oil

37.5, 75, 150

Positive

Increase
(L, S)

Cisplatin
(15663-27-1)

0.5% CMC

6, 12.5, 25

Positive

2,4-Diaminotoluene
(95-80-7)

Saline

37.5, 75, 150

Final judge

Note
In vivo genotoxicity

Other information

Positive
(L, S)

MN: equivocal
Comet: +

Ames: +, CA: + or Rat Carc.: Spl

Increase
(L)

Positive
(L)

MN, Comet, TG (L):
+

Ames, CA: +

Equivocal

Increase (L)

Positive
(L)

UDS, TG (L): +
MN, Comet: + or -

Ames, CA: +
Rat Carc.: L, Mgl

100, 150, 200

Positive

Increase(L)

1,2-Dibromoethane
(106-93-4))

Corn oil

25, 50, 100

Positive

Increase
(L, S)

Positive
(L, S)

UDS, Comet: +
MN, TG (L): -

Ames, CA: +
Rat Carc.: Nas, Per, Pit,
S, Vsc, L, Lun, Mgl

1,3-Dichloropropene
(542-75-6)

Corn oil

50, 100, 200

Positive

Increase
(L)

Positive
(L)

UDS, MN: Comet: +

Ames, CA: +
Rat Carc.: L

1,2-Dimethylhydrazine 2HCl
(306-37-6)

Saline

6.25, 12.5, 25

Positive

Increase (L)

Positive
(L)

UDS, MN, Comet: +

1.56, 3.13, 6.25

Positive

Increase (L)

Ames, CA: +
Rat Carc: not available
Mouse Carc.: Lung, Vsc

Hydroquinone
(123-31-9)

Saline

125, 250, 500

Negative

No change

Negative

MN: + (aneugen)

Ames: -, CA: +
Rat Carc.: Kid, Hmo

Methyl methanesulfonate
(66-27-3)

Saline

20, 40, 80

Positive

Increase
(L, S)

Positive
(L, S)

UDS, MN, Comet: +
TG: + or -

Ames, CA: +
Mouse Carc.: Hmo, Lun

N-Nitrosodimethylamine
(62-75-9)

Saline

2.5, 5, 10

Positive

Increase (L)

Positive
(L)

UDS, MN, Comet: +

0.63, 1.25, 2.5

Positive

Increase (L)

Ames, CA: +
Rat Carc.: L, Kid, Lun,
Tes, Vsc

152

Table 2. (continued)
Genotoxic carcinogens (continued)
Chemical

Vehicle

Dose mg/kg

Lab judge

Stat judge

Final judge

(CASRN)
4,4'-Oxydianiline

0.5% CMC

50, 100, 200

Negative

Decrease

(101-80-4)
Sodium arsenite

Negative

(S)
Saline

7.5, 15, 30

Positive

Equivocal

(7784-46-5)
7.5, 15, 30

Negative

Equivocal

Note
In vivo genotoxicity

Other information

UDS: -

Ames, CA: +

MN, Comet: +

Rat Carc.: L, Thy

MN: +

Ames: -, CA: +

(Trend: L)

Rat Carc.: not available

Equivocal

Mouse Carc: L

(Dunnett: L)
Thioacetamide

Saline

19, 38, 75

(62-55-5)

Negative (due to

Increase

Positive

toxicity)

(L, S)

(S)

MN, Comet: +

Ames, CA: Rat Carc.: L,
Hepatotoxicant

Genotoxic non-carcinogens
Chemical (CASRN)

9-Aminoacridine hydrochloride

Vehicle

Dose mg/kg

Lab judge

Stat judge

Final judge

Note
In vivo genotoxicity

Other information

Corn oil

15.7, 31.3, 62.5

Negative

No change

Negative

No data

Ames: +

p-Anisidine (104-94-9)

0.5% CMC

125, 250, 500

Negative

No change

Negative

No data

Ames, CA: +

2,6-Diaminotoluene (823-40-5)

Corn oil

150, 300, 600

Positive

Increase (L)

Positive (L)

UDS, MN, Comet: +

Ames, CA: +

monohydrate (52417-22-8)

or 5-Fluorouracil (51-21-8)

Saline

25, 50, 100

Negative

No change

Negative

MN: + , Comet: -

Ames, CA: -

8-Hydroxyquinoline (148-24-3)

Corn oil

125, 250, 500

Negative

Decrease (S)

Negative

UDS, MN, Comet: -

Ames, CA: +

p-Phenylenediamine

Saline

25, 50, 100

Negative

No change

Negative

MN, Comet: -

Ames, CA: +

dihydrochloride (624-18-0)
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Table 2. (continued)
Non-genotoxic carcinogens
Chemical (CASRN)

Vehicle

Dose mg/kg

Lab judge

Stat judge

Final judge

Note
In vivo genotoxicity

Other information

Chloroform
(67-66-3)

Corn oil

125, 250, 500

Negative (due to
toxicity)

Increase
(L)

Negative

UDS, Comet, TG (L):
MN: + or -

Ames, CA: Rat Carc.: Kid, L
Hepatotoxicant

Diethanolamine
(111-42-2)

Saline

175, 350, 700

Negative

No change

Negative

MN: -

Ames, CA: Rat Carc: Mouse Carc. (dermal): L

Di(2-ethylhexyl)phthalate
(117-81-7)

Corn oil

500, 1000, 2000

Negative

No change

Negative

UDS, MN, Comet,
TG: -

Ames, CA: Rat Carc.: L
Peroxisome proliferator

Ethanol
(64-17-5)

Saline

500, 1000, 2000

Negative

No change

Negative

MN: -

Methyl carbamate
(598-55-0)

Saline

500, 1000, 2000

Negative

No change

Negative

MN: -

Ames, CA: Rat Carc.: Adr, L, Pan,
Pit
Hepatotoxicant
Ames, CA: Rat Carc.: L
Hepatotoxicant

Saccharin
(81-07-2)

Corn oil

500, 1000, 2000

Negative

No change

Negative

MN, TG (L): Comet: +

Ames, CA: Rat Carc.: Ubl

o-Phenylphenol sodium salt
(132-27-4)

Corn oil

250, 500, 1000

Negative

No change

Negative

MN, CA: Comet: + or -

Ames: CA: + or Rat Carc.: Kid, Ubl

Lab judge: Judgment of each lab; Stat judge: Judgment based on statistical analysis results. 'Increase' or 'Decrease' means statistically significant changes of % DNA in tail in both
Dunnett's (Du) and linear Trend (Trend) tests. 'Equivocal' means the statistically significant changes in either of statistics; Final judge: Final judgment in consideration of
histopathology; UDS: Unscheduled DNA synthesis assay with rat liver or stomach; MN: Micronucleus assay with mice and/or rats; TG: Gene mutation assay with transgenic
mice and/or rats; CA: Chromosome aberration assay with mammalian cells or rodents;
L: Liver; S: Stomach; Adr: Adrenal gland; Hmo: Hematopoietic system; Kid: Kidney; Lun: Lung; Mgl: Mammary gland; Nas: Nasal cavity; Nrv: Nervous system;
Orc: Oral cavity; Ova: Ovary; Pan: Pancreas; Per: Peritoneal cavity; Pit: Pituitary gland; Pro: Prostate; Ski: Skin; Smi: Small intestine; Spl: Spleen; Tes: Testes;
Thy: Thyroid gland; Ubl: Urinary bladder; Vag: Vagina; Vsc: Vascular system; Zy: Zymbal's gland
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Table 2. (continued)
Non-genotoxic non-carcinogens
Chemical (CASRN)

Ampicillin trihydrate

Vehicle

Saline

Dose mg/kg

25, 50, 100

Lab judge

Stat judge

Negative

Equivocal

(7177-48-2)

o-Anthranilic acid

Final judge

Negative

Note
In vivo genotoxicity

Other information

MN: -

Ames: -,

(Trend:L)
Corn oil

500, 1000, 2000

Negative

No change

0.5% CMC

500, 1000, 2000

Negative

No change

CA: +

Negative

MN: -

(118-92-3)
t-Butylhydroquinone

Ames: CA: +

Corn oil

131.3, 262.5, 525

(1948-33-0)

Negative (within Increase

Positive

historical control (L),

(L)

range)

MN: -

Ames: CA: +

Equivocal (Du:
S)

Ethionamide

Corn oil

125, 250, 500

Negative

Decrease

(536-33-4)
Isobutyraldehyde

Negative

No data

(S)
Corn oil

500, 1000, 2000

Negative

No change

CA: +
Negative

MN: -

(78-84-2)
D,L-Menthol

Corn oil

500, 1000, 2000

Negative

No change

Negative

MN, Comet: -

Ames: CA: +

Water

500, 1000, 2000

Negative

Decrease

(7647-14-5)
Trisodium EDTA monohydrate

Ames: CA: +

(15356-70-4)
Sodium chloride

Ames: -

Negative

(S)
Saline

500, 1000, 2000

Negative

No change

(10378-22-0)
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Negative

CA: -

Ames, CA: -

UDS (S): -

Gastrotoxicant

Comet: -

Ames, CA: -

7-3-1.Genotoxic carcinogens
41. Twelve of 19 genotoxic carcinogens tested induced a statistically significant increase % tail
DNA in the liver and/or the stomach, and the statistical judgment for the 12 chemicals was
“Increase”. One of the carcinogens, cisplatin, gave positive comet responses in both stomach
and liver despite being a cross-linking agent. In 10 of the 12 chemicals, these final “Positive”
judgments were coincident with the laboratory‟s own judgment. However, for two of the
chemicals, acrylonitrile and thioacetamide, the laboratory judgment was negative whilst the
final judgment was positive.
42. Regarding acrylonitrile, in the first experiment it showed an equivocal response in the liver
(a statistically significant increase in linear Trend test, but not in Dunnett‟s test) and a decrease
in the stomach (a statistically significant decrease in both statistics). In the retest for the liver
(not done for the stomach), it showed a statistically significant increase with both linear Trend
test and Dunnett‟s test in the liver. Based on the statistics, the responses were concluded in the
statistical judgements as “Increase” in the liver, and “Decrease” in the stomach. Acrylonitrile,
however, was judged “Negative” in the testing facility, because the increased % tail DNA in
the liver was within the historical control range of the testing facility (note: the decreased %
tail DNA in the stomach was not discussed). No histopathological changes related to the
chemical treatment were found in the liver. In the glandular stomach, oedema in the lamina
propria/submucosal layer was found at 31.3 and 62.5 mg/kg/day (grade: very slight or slight).
In the forestomach examined at 62.5 mg/kg/day, degeneration/necrosis in squamous cells
(grade: moderate), oedema in the lamina propria/submucosal layer (grade: moderate),
degeneration (vacuolar) in muscle fiber of the muscular layer (grade: slight), and ulcers
(non-graded) were found. Therefore, for the final judgment, acrylonitrile was judged to be
“Positive” in the liver in consideration of the reproducible results in two independent
experiments and no cytotoxic finding in the liver. However, based on other published in vivo
genotoxicity data with acrylotnitrile, where positive micronucleus and Comet assay responses
have only been reported following iv or ip dosing in rats (see Appendix 3), it could be
expected that it would not induce genotoxic effects in liver or stomach following oral dosing.
Therefore, the laboratory‟s own conclusion of “negative” may be seen as consistent with the
expected responses following oral dosing in the rat.
43. Thioacetamide induced a statistically significant increase in % tail DNA in the liver and
stomach, and the statistical judgment was “Increase” in both organs. However, it was judged
“Negative” in the testing facility, because cytotoxicity was noted in both organs following
histopathological examination and/or increased % hedgehogs (liver). In the histopathology of
the liver, hepatocellular degeneration (grade: minimal to moderate), central vein phlebitis
(minimal to moderately severe), increased mitosis (minimal or slight), and bile duct hyperplasia
(minimal) were found in all treatment groups. In the stomach, no abnormality was noted at 19 or
38 mg/kg/day, but erosion/ulcer (one of 6 rats, no-graded), and forestomach gastritis (one of 5
rats, no-graded) were found at 75 mg/kg/day. The VMT and participants in the Kyoto meeting
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considered that clear histopathological changes indicating cytotoxicity were observed in the
liver, but not in the stomach. Therefore, this chemical was considered to be “Positive” in the
stomach but negative in the liver due to cytotoxicity as the final judgments. Thioacetamide is a
known (hepato)toxic agent. Dietary administration of thioacetamide caused liver cancer
(hepatocellular carcinoma) in mice and rats and tumors of the bile duct in rats. Thioacetamide is
oxidized to thioacetamide S-oxide which is not the reactive metabolite responsible for its toxicity.
Thioacetamide S-oxide is further metabolized to a reactive intermediate which can either bind to liver
macromolecules or be further degraded to acetamide and polar products. Thioacetamide is
metabolized in vivo to acetamide which is itself carcinogenic (IARC, 1987; HSDB, 2003).
Thioacetamide was negative in Ames and in vitro CA tests. Given that thioacetamide has been

reported to induce micronuclei in mouse bone marrow following oral dosing, and induced
comets in mouse stomach, colon and bladder following ip dosing, it may be expected that it
would induce comets in rat stomach following oral dosing, and therefore the final judgment call
of “Positive” may be consistent with expectations. The lack of published data on genotoxic
effects in the liver following oral dosing, but lack of comet induction in the liver following ip
dosing suggest that induction of DNA damage in rat liver following oral dosing may not be
expected, and therefore the final judgment that the increased % tail DNA in the liver of rats was
due to cytotoxicity rather than genotoxicity in this study may be consistent with this
expectation.
44. For the remaining 10 genotoxic carcinogens, the laboratory and final judgements were in
agreement. The expected and actual responses in liver and stomach can be summarised as
follows:
45. Azidothymidine (AZT) was positive in the in vitro CA test, and it was also reported positive
in Ames strain TA102 in the absence of S9 (IARC, 2000). After re-evaluation it was considered
equivocal in the mouse lymphoma assay in the presence of S9 but negative in the absence of S9
by Seifried et al (2006), but reported positive in the absence of S9 by Wang et al (2009). It was
also positive for hprt and tk mutations in TK6 cells in the absence of S9 (Meng, et al 2000;
Torres, et al, 2007). It was also positive for induction of MN in blood reticulocytes of mice in
vivo after repeated oral dosing (NTP), and also induced MN in rats after oral administration
(Ayers, et al, 1996; Vikram, et al, 2008). Administration of AZT by gavage induced vaginal
squamous-cell carcinomas in mice, and a low incidence of these tumors in rats treated with the
highest dose. AZT is incorporated into nuclear and mitochondrial DNA in mammalian cells. It
appears to cause mutations primarily by inducing large deletions, consistent with its action as a
DNA chain terminator (IARC, 2000). Based on the above analysis AZT would be expected to
be positive for comets in both liver and stomach. It was in fact positive in liver but gave an
equivocal response (there was a significant trend test) in stomach.
46. Cadmium chloride was not mutagenic to bacteria. It was positive for induction of CA and
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MN in vitro, and induced MN in rats after repeated intraperitoneal dosing (Celik, et al, 2005),
although Mavournin, et al (1990) concluded it was negative for MN induction in mice after
administration in drinking water for 1, 3 and 7 days. It gave negative results in a Comet assay
with mice treated by ip injection at single dose level. Oral administration of cadmium chloride
to rats increased the incidence of large granular lymphocytes, leukaemia, prostate tumors, and
testis tumors in rats. When ingested, most of the cadmium passes through the gastrointestinal
tract without being absorbed. When absorbed, cadmium will bind to metallothionein, forming a
cadmium–metallothionein complex that is transferred (via blood) primarily to the liver and the
kidney. The genotoxicity of cadmium has to be explained by indirect mechanisms. Frequently
discussed mechanisms are related to oxidative stress, the inhibition of DNA-repair systems,
effects on cell proliferation, and on tumour-suppressor functions (IARC, 2009). Based on the
above analysis it is possible that cadmium chloride might induce comets by indirect
mechanisms in both stomach and liver. It was positive in liver but gave an equivocal response
in both duodenum and stomach.
47. p-Chloroaniline was positive in Ames and in vitro CA tests but appears to be dependent on
metabolism for its full expression.. It induced MN in mice treated by oral administration for 3
days at a dose level in the range of the LD50, but not after single dosing. It gave positive results
in a Comet assay in various organs in mice. Oral administration of p-chloroaniline induced
sarcomas of the spleen and splenic capsule in male rats (IARC, 1993). Whether the mechanism
of carcinogenesis is mediated through genotoxic or non-genotoxic events is unresolved.
p-Chloroaniline causes methaemoglobinaemia (IARC, 1993) and is slightly irritating to eyes
(HSDB, 2005). Based on the above analysis p-chloroaniline would be expected to induce
comets in stomach and liver when given orally by 2 administrations, and was, in fact, positive in
both liver and stomach.
48. Cisplatin was positive in the Ames test in the absence and presence of S9, and positive in in
vitro CA and hprt mutation tests in the absence of S9. It induced MN and CA in bone marrow
of rats and mice after ip dosing, and induced DNA damage (comets) in colon, lung and brain of
mice and mutation in liver in mice treated by ip injection. Cisplatin induced lung adenomas in
mice and leukemia in rats by multiple intraperitoneal treatments (IARC, 1987). Cisplatin can
react in a nonenzymatic manner with water in vivo to form monoaquo and diaquo species
following dissociation of the chloride groups. These metabolites extensively bind to protein
(>90%). Cisplatin can also react with DNA, forming both intrastrand and interstrand
cross-links. DNA adducts formed by cisplatin inhibit DNA replication and transcription, and
lead to breaks and miscoding (HSDB, 2005). The substance causes eye irritation or damage
(HSDB, 2005). Based on the above, following oral dosing in an aqueous vehicle, cisplatin may
be expected not to induce comets in stomach and liver. It was, in fact, positive for increased DNA
migration in the liver, but gave negative results in stomach.
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49. 2,4-Diaminotoluene was mutagenic in the Ames test in the presence of S9, and induced CA,
SCE and transformation of SHE cells in vitro. It was also positive in vitro in HepG2 cells for
UDS, MN and comets (Severin et al, 2005). It was generally negative for induction of MN in
vivo in mice and rats treated by ip or oral routes, but produced some weak positive effects at
toxic doses in the rat. It was positive in a repeat dose liver MN study (Takasawa, et al, 2012). It
was positive in a Comet assay in several organs including stomach, liver and kidney in mice
(Sasaki, et al, 1999), but was negative in liver of rats after 28 days of oral dosing (Rothfuss et
al 2010). In a mouse transgenic mutation assay, it induced mutation in liver after oral
administration and weak effects in the kidney after topical application. It induced DNA adducts
(Taningher, et al, 1995) and produced weak induction of UDS in Fischer-344 rat liver (George
& Westmoreland, 1991). 2,4-Diaminotoluene produced hepatocellular carcinomas after oral
administration (IARC, 1987). In several rodent species the major urinary metabolite was
2,4-diamino-5-hydroxytoluene; N-acetyl and glucuronide conjugates were also found.
2,4-Diaminotoluene is a mutagenic and hepatocarcinogenic aromatic amine, requiring
metabolic activation. It binds to DNA covalently, and increases cell proliferation in livers of
animals (HSDB, 2003). 2,4-Diaminotoluene is a skin and eye irritant (HSDB, 2003). Based on
the above analysis, 2,4-diaminotoluene would be expected to induce comets in liver but not in
stomach, and these in fact were the findings in this validation trial.
50. 1,2-Dibromomethane was mutagenic to bacteria, and it was clastogenic to mammalian
cells in vitro. It was negative for MN in bone marrow and for transgenic mutations in liver of
mice after ip treatment. However, it was positive for in a Comet assay in multiple organs
including liver and stomach, and for induction of UDS in liver by ip or oral dosing. After oral
administration, 1,2-dibromoethane induced squamous cell carcinomas of the forestomach in
rats and mice, hepatocellular carcinomas in female rats, hemangiosarcomas in male rats, and
alveolar/bronchiolar adenomas in mice (IARC, 1999). Human liver preparations metabolize
1,2-dibromoethane to water-soluble and irreversibly protein- and DNA-bound metabolites by
both cytochrome p450 (CYP2E1 etc) and glutathione S-transferase enzymes. It binds
covalently with DNA in vivo. 1,2-dibromoethane is considered to be a bifunctional alkylating
agent which is capable of introducing cross links into biological materials (HSDB, 2005). It is
an irritant to eyes, skin, and mucous membranes (HSDB, 2005). Based on the above analysis,
1,2-dibromomethane would be expected to induce comets in both stomach and liver when
given orally, which was, in fact, the case in this validation trial.
51. 1,3-Dichloropropene (technical grade) was positive in the Ames test (± metabolic activation),
but not in the in vitro chromosomal aberration (CA) test. It was negative for MN in bone marrow
and in a liver UDS assay with male rodents treated by ip or oral dosing, but induced DNA
fragmentation (alkaline elution assay) in liver and gastric mucosa while not in lung, bone marrow
and brain. However, 1,3-dichloropropene induced MN in the bone marrow of female mice after oral
treatment, and DNA damage (comets) in multiple organs of mice after ip treatment. Its genotoxicity
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could in some cases be confounded by traces of one or more impurities, stabilizers or even its
unknown composition. Oxidation of 1,3-dichloropropene leads to formation of the extremely
mutagenic -chloroacrolein. GSH depletion at higher doses seems to have a major influence on the
genotoxicity findings in a number of in vivo studies since GSH conjugation is a major
detoxification pathway for 1,3-dichloropropene. Technical-grade 1,3-dichloropropene (containing
1.0% epichlorohydrin), when given by gavage, produced tumors of the urinary bladder, lung and
forestomach in mice and of the liver and forestomach in male rats (forestomach only in female rats).
Inhalation exposure produced an increase in the incidence of bronchioalveolar adenomas in mice
while no increase in tumors was seen in rats. After subcutaneous administration to mice, the
cis-isomer produced malignant tumors at the site of injection. The principle metabolic pathway of
1,3-dichloropropene is conjugation with glutathione and elimination as mercapturic acids (IARC,
1999). In the trial 1,3-dichloropropene was positive in liver but negative in stomach, whereas

based on the above analysis it might be expected to induce comets in both in stomach and liver.
52. 1,2-Dimethylhydrazine dihydrochloride has given conflicting evidence for genotoxicity in
bacteria. No data are available on induction of micronuclei in vitro. A report on chromosome
aberrations in CHL cells indicates a positive effect after a continuous treatment without metabolic
activation (Ishidate, 1987); no concurrent cytotoxicity data are presented but common practice in
those days was to aim for 50% reduction in confluence at the top concentration.
1,2-Dimethylhydrazine was positive in vivo in genotoxicity tests including UDS, MN or Comet in
rats after oral treatment. 1,2-Dimethylhydrazine formed DNA adducts and induced gene mutations,
DNA breaks and micronuclei in vivo in rodents. In vitro, it formed DNA adducts and induced UDS
and gene mutations in mammalian cells (mutations at TK locus in L5178Y cells in absence of
metabolic activation; Rogers & Back, 1981). After oral administration to rats, it was found to
induce DNA damage in the liver Comet assay in both acute and repeated dosing regimens
(Rothfuss, et al., 2010) and in multiple organs in rats and mice (Sasaki, et al., 2000). Whatever the
route of administration, 1,2-dimethylhydrazine produced adenomas and adenocarcinomas of the
colon, and to a lesser extent, of the small bowel in mice and rats. Tumors of the vascular system
and liver have also been observed in mice and rats, respectively (CCRIS). 1,2-Dimethylhydrazine
requires bioactivation to become mutagenic and alkylates DNA in several species in vivo.
Dimethylhydrazine is metabolized by a sequence of oxidation steps, first dehydrogenation to
azomethane,
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methyldiazonium ion (DNA alkylation) to which the carcinogenicity of the compound has been
attributed (IARC, 1999). Contact with the substance may cause irritation to skin, eyes, and mucous
membranes (HSDB, 2005). Based on the above 1,2-dimethylhydrazine would be expected to be
positive for comet induction in liver, but (despite the Sasaki et al, 2000 paper)would probably be
expected to be negative in stomach.
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53. Methyl methanesulfonate was positive in Ames and in vitro CA tests, and in many different
kinds of in vivo genotoxicity tests including UDS, MN, Comet or TG mutation assays. Methyl
methanesulfonate produced nasal tumors, tumors of the nervous system in rats treated by inhalation
exposure and by subcutaneous administration. In mice, it increased the incidence of lung tumors
and of lymphomas after oral administration (IARC 71, 1999). Methyl methanesulfonate is one of
the monofunctional, methylating agents which produce primarily 7-methyl-guanine as an adduct
(HSDB, 2008). Based on the above methyl methanesulfonate would be expected to induce comets
in both liver and stomach, as was found to be the case in this validation trial.

54. N-nitrosodimethylamine was positive in Ames and in vitro CA/MN tests (mainly in presence
of metabolic activation), and for many kinds of in vivo genotoxicity tests including UDS, liver
Comet or TG mutation assay. Induction of MN in vivo is less convincing. N-Nitrosodimethylamine
is an example compound for which a second in vivo assay (in addition to the MN assay) in a
different

tissue

(typically

liver)

is

necessary

to

detect

its

genotoxic

potential.

N-Nitrosodimethylamine produced liver tumors in male rats treated by sc injection. It induced
tumors of nasal cavities and kidneys in rat after inhalation exposures. The metabolic activation of
N-nitrosodimethylamine by CYP2E1 and following alkylation of DNA are important in its
carcinogenic effect (IARC, 1987; HSDB, 2005). The liquid and vapor may be irritating to the skin
or eyes (HSDB, 2005). Based on the above analysis, N-nitrosodimethylamine would be expected to
induce comets in liver, but not in stomach, which in fact were the results obtained in this validation
trial.

55. Six of the 19 genotoxic carcinogens tested failed to induce a statistically significant
increase or decrease in % tail DNA in the liver and the stomach. These are discussed in detail
below.
56. 2-acetylaminofluorene – 2-AAF is a well-known genotoxic carcinogen. Positive results are
reported in almost all in vivo genotoxicity assays, i.e., rat liver UDS test, rat bone marrow
micronucleus (MN) test, mouse Comet assay in the colon, liver, kidney and lung, and gene
mutation assay in Big Blue mouse liver (note: reference papers on genotoxicity assay results
are described in Appendix 3). It is reported that the oral administration to animals induced
tumors in many organs such as the liver, urinary bladder, and kidney in many species
(Nakajima, et al., 2012). To induce genotoxicity and carcinogenicity, metabolic activation of
2-AAF is required, and the critical activation pathway is known to convert 2-AAF to the
N-hydroxy derivative and then to the N-SO4 derivative (Gold LS.,2012).
57. In this validation study, this chemical was judged to be negative in both liver and stomach.
2-AAF was also examined in Phase 4-1 of the validation study, and a positive result (i.e.,
statistically significant increases in both Dunnett‟s and Trend tests) in the liver was reported in
only one of three laboratories testing this chemical. Therefore the overall judgment of 2-AAF
would be considered negative in this validation study. It is relevant that 2-AAF reportedly
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failed to increase DNA migration in the rat liver when administered orally EPA, 1998).
Interestingly, in the same report, it is mentioned that clear increased DNA migration was noted
in the liver when 2-AAF was administered by i.p. injection, indicating that the route of
administration may affect the genotoxic potential in the liver (US. EPA,1998). However,
considering the overall genotoxic MoA of 2-AAF, it is unclear why 2-AAF failed to increase
DNA migration in the liver under the conditions of this validation study and in other
publications. When considering that the dose level usually used in the UDS assay is low (50
mg/kg or below) based on the reference article in OECD-TG486 (Rothfuss, et al., 2011), the
lower dose levels may be a factor in understanding the negative results obtained at much higher
doses in this validation study. The timing of tissue sampling may also play a role for the
negative result because it is reported that a peak response in the rat liver UDS assay was at 12
hours after a single oral dose of 2-AAF at 50 mg/kg, although the positive findings were also
noted at 2 and 24 hours after the treatment (Rothfuss, et al., 2011)). Another possible
contributing factor is the formulation handling, e.g. sonication and/or heating of the dosing
formulation. Clearly, further work is needed to understand why 2-AAF does not readily induce
comets in rat liver after high oral doses.
58. o-Anisidine - This chemical is known to be oxidatively activated by peroxidase and
cytochrome P-450 (CYP), and DNA adducts have been identified as deoxyguanosine adducts
formed from a metabolite, N-(2-methoxyphenyl)hydroxylamine. In these investigations rats
were treated i.p. with o-anisidine (0.15 mg/kg daily for 5 days) and DNA from several organs
was analyzed by 32P-postlabeling. Two o-anisidine-DNA adducts were detected in urinary
bladder (4.1 adducts per 107 nucleotides), the target organ of carcinogenicity, and, to a lesser
extent, in the liver, kidney and spleen (Madle, et al., 1994). In in vivo genotoxicity assays, this
chemical is reported to be positive in the kidney, bladder, lung, stomach and colon in the rat
Comet assay, and in the bladder in a gene mutation assay with Big Blue mice (see Appendix 3).
In contrast, negative gene mutation results have been reported in the liver in the Big Blue
mouse and the rat liver UDS test, and also in the mouse bone marrow MN test (see Appendix
3). Carcinogenicity was evaluated with o-anisidine hydrochloride by administering in feed to
Fischer 344 rats at 5000 or 10000 ppm and B6C3F1 mice at 2500 or 5000 ppm for 103 weeks,
then observed for 1 or 2 additional weeks. It was concluded that o-anisidine hydrochloride was
carcinogenic for rats and mice, inducing transitional-cell carcinomas or papillomas of the
bladder in both rats and mice and in both sexes of each species, transitional-cell carcinomas of
the pelvis of the kidney in male rats, and follicular-cell tumors of the thyroid in male rats
(Stiborová, et al., 2005).
59. Based on the above reports, the primary target organ in carcinogenicity studies using
o-anisidine hydrochloride is considered to be the urinary bladder. The expectation of similar
target-organ specific genotoxic effects is supported by a series of data that DNA adducts are
formed mainly in the bladder, and to a lesser extent in the liver, kidney, and spleen. Positive
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results were also obtained in the urinary bladder in the gene mutation assay using TG mice, and
in the rat Comet assay (also positive in the kidney), whereas in contrast, negative results were
obtained in the rat liver UDS assay, the mouse bone marrow MN assay, and the liver gene
mutation assay using TG mice. Positive results in the lung, colon and stomach, which are
non-target organs in carcinogenicity studies, are also reported in the rat Comet assay, but the
increases in tail migration were noted in a limited testing condition, i.e., increased only at 8 hr
after the single oral administration of 1000 mg/kg but not at 3 and 24 hrs. Dose-dependency
was not examined, indicating that the positive findings in non-target organs might be
considered questionable. Therefore, when considering the target organ specificity of this
chemical, the negative judgment in this validation study may be considered consistent with the
expectations. The negative result also indicates a known limitation of the standard protocol
used in this validation trial with liver and stomach in that, other tissues may be the target organs
for carcinogenicity. If target organ specific effects are anticipated or known, then those organs
may be investigated using the Comet assay to help determine or investigate a potential
genotoxic MoA in the carcinogenic target organ(s). Therefore, based on all the available data
negative results might be expected in stomach and liver of rats after oral dosing of o-anisidine.
60. Benzene – Two-year carcinogenicity studies of benzene were conducted in F344/N rats and
B6C3F1 mice. Doses of 0, 50, 100, or 200 mg/kg body weight benzene in corn oil (5 ml/kg)
were administered by gavage to male rats, 5 days per week, for 103 weeks. Doses of 0, 25, 50,
or 100 mg/kg benzene in corn oil were administered by gavage to female rats and to male and
female mice for 103 weeks. There was clear evidence of carcinogenicity of benzene for both
sexes in rats and mice. For male and female rats, benzene caused increased incidences of
Zymbal's gland carcinomas, and squamous cell papillomas and squamous cell carcinomas of
the oral cavity. In male rats, benzene also caused increased incidences of squamous cell
papillomas and squamous cell carcinomas of the skin. For male and female mice, benzene
caused increased incidences of malignant lymphomas, Zymbal's gland squamous cell
carcinomas, alveolar/bronchiolar carcinomas and alveolar/bronchiolar adenomas or carcinomas
(combined). In male mice, Harderian gland adenomas, and squamous cell carcinomas of the
preputial gland were also increased. For female mice, benzene also caused increased incidences
of ovarian granulosa cell tumors, ovarian benign mixed tumors, and carcinomas and
carcinosarcomas of the mammary gland. Dose-related lymphocytopenia was observed for male
and female F344/N rats and male and female B6C3F1 mice (NTP, 1978).
61. It is generally agreed that the toxicity of inhaled benzene results from its biotransformation
to reactive species. Benzene is metabolized in the liver by cytochrome P-4502E1 (CYP2E1) to
its major metabolites: phenol, hydroquinone, and catechol. The intermediate benzene oxide can
also undergo ring opening to trans-trans muconic acid. Although there is a scientific consensus
that metabolism of benzene is required for resultant toxicity and carcinogenic response, the role
of a metabolite or metabolites of benzene in producing these adverse effects is controversial
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and more research data are needed to better define sequelae of pathogenesis. Current evidence
indicates that benzene-induced myelotoxicity and genotoxicity result from a synergistic
combination of phenol with hydroquinone, muconaldehyde, or catechol (NTP, 1986).
62. The bone marrow, Zymbal's gland, and Harderian gland all contain peroxidases, which can
activate phenols to toxic quinones and free radicals. Sulfatases, which remove conjugated
sulfate and thus reform free phenols, are also present at high levels in these target organs. The
selective distribution of these two types of enzymes in the body may explain the accumulation
of free phenol, hydroquinone, and catechol in the bone marrow and the resulting differences in
target organ toxicity of benzene metabolites in humans and animals (NTP, 1986).
63. Molecular targets are considered to be mainly tubulin, topoisomerase II and histones, and
DNA itself (oxidation and adduct formation) is considered less of a target. In genotoxicity
studies, benzene exposure has been shown to induce aneuploidy in dividing cells, presumably
through inhibition of tubulin assembly during mitosis. However, benzene exposure has failed
consistently to induce point mutations in genotoxicity studies (NTP, 1986).
64. In in vivo genotoxicity assays, oral administration of benzene showed positive results in the
rat bone marrow MN test, and the rat and mouse Comet assay in many organs including the
liver and stomach. In contrast, inhalation of benzene failed to increase mutation frequency in
the liver using the Big Blue mouse gene mutation assay (see Appendix 3).
65. In this validation study, benzene was judged to be negative in the liver and stomach, but this
is not consistent with the previous report of the Comet assay (Sasaki , et al., 2000). However,
considering the known genotoxic and carcinogenic MoA, the negative results found in this trial
might be expected.
66. Busulfan – It is reported that this chemical is a direct-acting bi-functional alkylating agent
that binds to cellular macromolecules including DNA, RNA, and proteins. Mono-adduct
formation, intrastrand cross-links, and DNA-protein cross-links are reported. In rats, i.v.
administration of busulfan for one year was reported to induce a variety of tumors in male rats,
although the experiments could not be evaluated by IARC due to incomplete reporting. In mice,
i.p. administration induced lymphomas in two studies, but did not increase the incidence of
tumors in two other studies. Following i.v. administration to mice, increased incidences of
thymic and ovarian tumors were reported (US EPA-IRIS, 2012).
67. The above report indicates that the major genotoxic MoA of busulfan is cross-link
formation (US EPA-IRIS, 2012). When considering that simple mono-functional alkylating
agents such as EMS or MMS clearly increased % tail DNA in this validation study, the
“Negative” result of busulfan indicates that this chemical would be likely to induce DNA
damage through cross-linking formation rather than mono-adduct formation in vivo. It is
reported that cross-linking agents mitomycin C and cisplatin decreased % tail DNA compared
with the negative control (IARC 100A, 2012, McKenna et al., 2003), and thus it can be
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expected that cross-linking agents might have induced decreases in % tail DNA in this
validation study. However, the cross-linking agents busulfan and cisplatin, used in this
validation study, failed to decrease % tail DNA, indicating that cross-linking agents could not
be detected in in vivo Comet assay, at least under the conditions of this validation study. This
may be due to low % tail DNA values in control tissues, particularly liver. Longer duration of
electrophoresis might be needed to detect the decreased % tail DNA, since decreased DNA
migration has been reported in kidney cells following longer duration of electrophoresis
(McKenna, et al., 2003).
68. This chemical was optionally examined with the micronucleus assay using peripheral blood
in Lab C and they reported that increased micronuclei were observed in all dose groups
(Appendix 4). This finding would be expected when considering the genotoxic MoA of
busulfan.
69. Hydroquinone – The 2-year carcinogenicity study was conducted by administering 0, 25 or
50 mg/kg in deionized water by gavage to F344/N rats, 5 days/wk. Nearly all male rats and
most female rats in all vehicle control and exposed groups had nephropathy, which was judged
to be more severe in high-dose male rats. Hyperplasia of the renal pelvic transitional epithelium
and renal cortical cysts were increased in male rats. Tubular cell hyperplasia of the kidney was
seen in two high-dose male rats, and renal tubular adenomas were seen in low- and high-dose
male rats. Mononuclear cell leukaemia in female rats occurred with increased incidences in the
dosed groups.
70. B6C3F1 mice were given 0, 50 or 100 mg/kg on the same schedule as rats.
Compound-related lesions observed in the liver of high-dose male mice included anisokaryosis,
syncytial alteration and basophilic foci. The incidences of hepatocellular neoplasms, primarily
adenomas, were increased in dosed female mice. Follicular cell hyperplasia of the thyroid gland
was also increased in dosed mice (Nesslany, et al., 2007).
71. All renal tubule adenomas and all cases of renal tubule atypical hyperplasia occurred in
areas of severe or end-stage chronic progressive nephropathy and the neoplasms were not
otherwise confined to any particular part of the kidney. It is likely that the mode of
carcinogenic action of hydroquinone is exacerbation of this natural disease process.
72. Hydroquinone is a metabolite of benzene. It is mutagenic in vitro and in vivo, having caused
genotoxicity or chromosomal aberrations in rodent bone-marrow cells, although the Ames test
showed a negative result. At least a portion, if not all, of the chromosomal effects are caused by
interference by hydroquinone or its metabolites with chromosomal segregation, probably due to
interaction with mitotic spindle proteins (NTP, 1989). Although the dose routes used to
demonstrate these effects in almost all of the studies in vivo were not p.o., but i.p. or s.c.
injection, the major genotoxic MoA is considered to be interaction with mitotic spindle proteins
(aneugenic effects). There were five genotoxicity studies by the oral route. These included a
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mouse bone-marrow cell MN test in which a weak, marginally positive response was obtained
following a single oral dose of 80 mg/kg body weight. The remaining oral route studies showed
no significant effect. They included a mouse bone-marrow cell MN test in which there was no
genotoxic activity after exposure to a diet containing 0.8% hydroquinone for 6 days; two
32
P-post-labeling assays, one with targets of Zymbal‟s gland, liver, and spleen in SD rats, and
the other with the kidney as target in F344 rats; and the last oral assay was for
8-hydroxydeoxyguanosine adducts in F344 rat kidney DNA. Thus, the evidence (and the
database) for any genotoxic effect in vivo is sparse and none has been observed in the tumor
target tissue, the kidney (NTP, 1989).
73. While glutathione conjugates could be responsible for the tumor induction, careful
histology seems to show that the most actively toxic of several glutathione compounds tested,
2,3,5-triglutathion-S-yl hydroquinone, targets a very specific region of the kidney, the outer
stripe of the outer medulla, whereas hydroquinone-associated adenomas are more randomly
distributed and occur in the cortex as well as the medulla. A non-genotoxic MoA that involves
exacerbation of a spontaneously occurring rodent renal disease, chronic progressive
nephropathy (CPN), is proposed and evaluated. This disease is particularly prominent in male
rats and the evidence is consistent with an absence of any human counterpart. Therefore, the
increased incidence of renal tubule adenomas in hydroquinone-dosed male rats is without
human consequence (NTP, 1989).
74. When considering the above genotoxic and carcinogenic MoA, the negative result in this
validation study would be rational.
75. 4,4‟-oxydianiline - A bioassay of this chemical for possible carcinogenicity was conducted
by feeding diets containing 200, 400, or 500 ppm of the test chemical to F344 rats and 150, 300,
or 800 ppm to B6C3F1 mice for 104 weeks. 4,4'-Oxydianiline was carcinogenic for male and
female F344 rats, inducing hepatocellular carcinomas or neoplastic nodules and follicular-cell
adenomas or carcinomas of the thyroid. 4,4'-Oxydianiline was also carcinogenic for male and
female B6C3F1 mice, including adenomas in the Harderian glands, hepatocellular adenomas or
carcinomas in both sexes, and follicular-cell adenomas in the thyroid of females (McGregor,
2007).
76. This chemical is considered a mutagen due to the positive results in Ames and in vitro
chromosome aberration tests. Positive results in mice are also reported in the micronucleus test
(i.p. injection) and the Comet assay (p.o.). However, a negative result is reported in the rat liver
UDS test (p.o.). On the other hand, goitrogenic (anti-thyroid agent) effects of this chemical
were also reported for rats and mice in the 90-day toxicity studies (McGregor, 2007). The
authors indicate that rats or mice receiving anti-thyroid compounds may develop tumors of the
thyroid gland. They also point out that the goitrogenic and carcinogenic effects of this chemical
may be related to the structural similarity between the compound and thyroxin, and nuclear
binding sites for thyroxin have been demonstrated in the rat liver and pituitary. In addition,
166

4,4'-oxydianiline was tested in a neonatal rat liver focus model, and showed clear evidence of
hepatocarcinogenicity (NTP, 1980). Whilst the chemical did not show initiating activity in
neonatal models, promoting activity, as indicated by increased number, size, or volume fraction
of histochemically detected hepatic foci of cellular alteration, was evident for the chemical with
previously demonstrated hepatocarcinogenicity.
77. In the current validation study, a statistically significant decrease in % tail DNA was found
in the stomach, but negative results were reported in the liver. Since this chemical clearly has
genotoxic potential, the negative results in UDS and Comet assays in rats, and the neonatal rat
initiation assay model indicate that rats are less sensitive to the genotoxicity of this chemical
when compared with mice. On the other hand, the previous carcinogenicity reports indicate that
the carcinogenic MoA of this chemical might be related to the goitrogenic effect for the thyroid
and the tumor promoting effect for the liver. Therefore, it can speculated that the carcinogenic
activity of this chemical in rats might not involve a mutagenic mode of action. Further
investigation of genotoxicity using rats would be needed to clarify the rat carcinogenic MoA,
e.g., transgenic rat gene mutation assay or rat liver micronucleus assay.
78. In addition to the 6 negative results, sodium arsenite, induced increases in % tail DNA in
the liver, but the statistical significance was only noted with the linear Trend test in Lab M, and
with Dunnett‟s test in Lab O. This chemical was considered to produce a marginal increase in
% tail DNA in the liver in two independent experiments, and the VMT finally judged this
chemical “Equivocal”. Sodium arsenite was clastogenic to mammalian cells in vitro, but not
mutagenic to bacteria. It induced MN and CA in the bone marrow of mice after intraperitoneal
administration. Following long-term exposure through drinking water, increased DNA damage was
observed in bone marrow and testicular cells of mice and in blood, liver, and kidney of rats by
means of the Comet assay (Biswas, et al., 2007; Kadirvel, et al., 2007). In the latter study, also
DNA-protein cross-links have been noted in all investigated tissues. Treatment with sodium
arsenite once or four times induced a significant decrease in DNA migration in bladder and liver
parenchymal cells of hepatic methyl donor sufficient (HMDS) mice, but in skin cells of HMDD
mice (Tice et al., 1997). There is limited evidence in experimental animals for the carcinogenicity
of sodium arsenite. It showed some evidence of renal tumor formation in female rats but not in
males after oral administration (drinking water); tumour incidence did not reach significance.
Transplacental exposure via maternal oral exposure in mice (drinking water) to sodium arsenite
during gestation induced lung, liver, ovary and adrenal tumors in the offspring in several studies,
and the uterus in one study. Arsenicals do not react directly with DNA, but cells treated with low
concentrations of trivalent arsenicals show increased oxidative DNA damage. As(III) acts as an
aneugen by interfering with spindle function and causing micronuclei with centromeres, but at high
(toxic) doses, it acts as a clastogen. Oxidative damage to DNA has been shown to cause changes in
DNA methylation, suggesting a mechanism by which As(III) may induce this effect. Although not a
mutagen, As(III) can enhance the mutagenicity of other agents by interference with DNA repair
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possibly through displacement of zinc at Zn fingers of proteins involved (IARC, 2009). It is
irritating to the eyes (HSDB, 2003). Based on the above analysis, sodium arsenite would be
expected to be negative for induction of comets in stomach and liver.

79. In % hedgehog analysis, only two “Positive” chemicals in the liver, 1,2-dimethylhydrazine
dihydrochloride and N-nitrosodimethylamine, and one “Positive” chemical in the stomach,
methyl methanesulfonate clearly increased hedgehogs in the positive organs with
dose-dependency, but the other test chemicals including “Positive” chemicals were considered
not to clearly affect % hedgehog.
7-3-2.Genotoxic non-carcinogens
80. One of six genotoxic non-carcinogens tested, 2,6-diaminotoluene, induced a statistically
significant increase in % tail DNA in the liver, and the statistical judgment was “Increase” in
the liver. In histopathology for the liver, no abnormality was noted at 150 mg/kg/day, and
mitoses in hepatocytes and hemopoiesis were less frequent or absent at 300 and 600 mg/kg/day.
Because of no clear cytotoxicity in the liver, the final judgment was “Positive”, which was
coincident with the lab judgment. No changes of % hedgehog were noted in all test chemicals
in this category. 2,6-Diaminotoluene was positive in Ames and in vitro CA tests, but did not
induce transformation in SHE cells. Results from in vivo genotoxicity studies were also
conflicting. Relatively high doses of 2,6-diaminotoluene induced UDS, MN, and comets in rats
after oral administration, and Rothfuss et al (2010) reported positive Comet results in rat liver
after 28-day repeat oral dosing but was negative in an acute study at doses nearly 10-fold higher.
Negative Comet results were reported in all organs examined following oral administration to
mice (Sasaki et al, 2000). The chemical was also positive for MN induction in mice after ip
treatment, and weakly positive for MN in rats, but negative for UDS (George & Westmoreland,
1991). It was negative in both acute and repeat dose liver MN tests (Takasawa et al, 2012). It
was negative for transgenic mutations in the liver of mice treated by diet and topically. Low
level DNA adduct formation was reported in Fischer-344 rat liver (Taningher et al, 1995).
2,6-Diaminotoluene dihydrochloride was not carcinogenic for male and female rats or for male
and female mice after 2-year feeding (HSDB, 2003). The carcinogen 2,4-diaminotoluene
produced a dose dependent increase in cell proliferation of approximately 10 – 20% in livers of
animals, whereas the noncarcinogen 2,6-diaminotoluene produced no increase in cell turnover
compared to vehicle control. These results indicate a positive correlation between increased cell
proliferation and hepatocarcinogenesis induced by these two isomers of diaminotoluene (HSDB,
2003). Based on the above analysis, 2,6-diaminotoluene would be expected not to induce
comets in the stomach, and probably also not induce comets in liver.
81. In this validation trial, 8-hydroxyquinoline was negative for comets in liver but gave a
reduction in % tail DNA in stomach. 8-Hydroquinoline was positive in Ames and in vitro CA
tests. However, in vivo genotoxicity tests including UDS, MN and Comet assays all gave
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negative results in both rats and mice. 8-Hydroxyquinoline, given at 1500-3000 ppm in the feed
of male and female rats and mice for 103 weeks, showed no evidence of carcinogenicity. On
the other hand, the structurally related chemical quinoline is a specific and potent carcinogen in
rat and mouse liver. 8-Hydroxyquinoline was metabolized to glucuronide and sulfate
conjugates after iv administration (HSDB, 2002). Based on the above analysis,
8-hydroxyquinoline would not be expected to induce comets in stomach or liver, and the
decrease in % tail DNA in the stomach of treated rats in this trial is unexpected and
unexplained.
82. The remaining genotoxic non-carcinogens all gave negative results in both liver and
stomach. Taking into account all known genotoxicity data, mode of action, and any route-,
species- or tissue specificity, the expected outcomes for the remaining 4 chemicals, in terms of
comet induction in liver or stomach of rats after oral dosing, can be summarised as follows:
83. 9-Aminoacridine hydrochloride monohydrate was positive in Ames and in vitro CA tests. No
in vivo genotoxicity data was available. It is believed to be bacterial frame shift mutagen; it did not
induce 6-thioguanine-resistant mutants in Chinese hamster V79 cells. There is no evidence that
9-aminoacridine is carcinogenic. It is a simple intercalating agent which will not bind covalently to
DNA (O‟Donovan, 1984). Based on the above, 9-aminoacridine would be expected to be negative
for induction of comets in both stomach and liver.
84. p-Anisidine was positive in both the absence and presence of S9 in Ames, in vitro CA and
mouse lymphoma assays. No in vivo genotoxicity data was available. p-Anisidine
hydrochloride was not carcinogenic in male and female mice and female rats treated by the
feed. Equivocal evidence was obtained in male rats (CPDB, HSDB, 2005). The compound was
also negative in a short-term in vivo p53 heterozygous transgenic mouse carcinogenicity assay
(Pritchard et al., 2003). Based on the above analysis, p-anisidine would not be expected to
induce comets in stomach or liver of orally-dosed rats.
85. 5-Fluorouracil (5-FU) was not mutagenic in the Ames test but was positive for induction of
CA in vitro. It induced MN in rats after ip or oral dosing, but was negative in a Comet assay in
mice treated by ip injection. Oral gavage administration to male rats induced positive Comet
results after 3 hours exposure (C Beevers personal communication). 5-FU was also positive in a
fetal liver MN test (Nakamura et al 1993). DNA damage, UDS and inhibition of DNA synthesis
was observed in humans and test animals. Although 5-FU induced lung and hematopoietic
system tumors in mice after 50 weeks of ip dosing, conventional 18-month mouse and 2-year
rat studies using oral administration did not produce increased tumor incidence. Also, no
evidence of carcinogenicity was observed in several animal studies following oral or iv
administration of the drug for up to 1 year (IARC, 1987; HSDB, 2007) . 5-Fluorouracil is an
antimetabolite of the pyrimidine analogue type. It is considered to be cell cycle-specific for the
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S phase of cell division. Activity results from its conversion to an active metabolite in the
tissues, and includes inhibition of DNA and RNA synthesis (HSDB, 2007). It is postulated to
inhibit thymidylate synthase activity, leading to a deficiency of thymidine and a decrease in
DNA synthesis. Based on the above analysis, 5-FU might be expected to induce comets in the
liver, but not in the stomach.
86. p-Phenylenediamine was positive in Ames and in vitro CA tests. However, it gave negative
results in MN and UDS assays in rodents. There is no convincing evidence that dietary
administration of p-phenylenediamine dihydrochloride was carcinogenic in rats or mice (HSDB,
2002). Based on the above analysis it is expected that p-phenylenediamine would not induce
comets in either liver or stomach of rats by oral dosing.
7-3-3.Non-genotoxic carcinogens
87. One of seven non-genotoxic carcinogens tested, chloroform, induced a statistically
significant (Dunnett‟s test) and dose dependant increase in % tail DNA in the liver in the 250
and 500 mg/kg/day groups. Histopathology for the liver showed the following changes:
centrilobular hepatocellular single cell necrosis (grade: +), centrilobular hepatocellular necrosis
(one of 5 rats, grade: +), centrilobular hepatocellular vacuolation (grade: + or ++), centrilobular
hepatocellular enlargement/granular change (grade: + or ++), centrilobular inflammatory cell
infiltration (grade: + or ++), and centrilobular hemorrhage (one of 5 rats, grade: ++) at 250
mg/kg/day; and centrilobular hepatocellular single cell necrosis (grade: +), centrilobular
hepatocellular necrosis (one of 5 rats, grade: ++), centrilobular hepatocellular vacuolation
(grade: + or ++), centrilobular hepatocellular enlargement/granular change (grade: + or ++),
centrilobular inflammatory cell infiltration (grade: +), and centrilobular hemorrhage (one of 5
rats, grade: ++) at 500 mg/kg/day. Since serious cytotoxic findings such as moderate grade (++)
hepatocellular necrosis and vacuolation followed by inflammatory cell infiltration and
hemorrhage were observed with dose-dependency, the increased % tail DNA in the liver was
considered to be related to cytotoxicity, and thus the final judgment was “Negative”, which was
in agreement with the laboratory‟s own judgment. The remaining six non-genotoxic carcinogens
did not induce any increases in % tail DNA in stomach or liver as judged by the individual
laboratory or statistical analysis. As a result, all test chemicals in this category were evaluated as
“Negative” as the final judgment. No clear changes of % hedgehog were noted in any test
chemicals in this category.
7-3-4.Non-genotoxic non-carcinogens
88. One of eight non-genotoxic non-carcinogens tested, t-butylhydroquinone (t-BHQ) induced a
significant % tail DNA response in the liver, and the statistical judgment was “Increase” in the
liver. However, the laboratory‟s own judgment was “Negative”, because the increased % DNA
in tail was within their historical control range which was established in testing conditions based
on the validation study protocol (Brian Burlinson, personal communication). The final judgment
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for t-BHQ was “Positive” in the liver based on the statistical analysis results, but the VMT
decided to note in this validation study report that the chemical was judged to be “Negative” in
the testing facility. No changes of % hedgehog were noted with any of the test chemicals in this
category. The remaining seven non-genotoxic non-carcinogens did not induce any increases
in % tail DNA in stomach or liver as judged by the individual laboratory or statistical analysis.
However, two chemicals (ethionamide and sodium chloride) were shown to induce some
decreases in % tail DNA in the stomach according to statistical analysis. However, these were
not considered to be biologically relevant (see discussion below), and the final judgment for
both of these was negative. As a result, all test chemicals in this category were evaluated as
“Negative” as the final judgment except for t-BHQ.

8.

Discussion
89. The purpose of the 2nd step of the 4th phase (Phase 4-2) of this international validation
study was to investigate the predictive capability of the in vivo rat alkaline comet assay against
carcinogenicity of test chemicals. In general, the predictive capability of a screening
genotoxicity assay for carcinogens is simply described as “positive sensitivity” for carcinogens,
and “negative specificity” for non-carcinogens. Such a usual approach was applicable to this
validation study data, but the VMT considered that the most appropriate approach to evaluate
the predictive capability using these validation study results would be to take account of both
genotoxic and carcinogenic properties of test chemicals, and any route-, species- or
tissue-specificity i.e., focus on the concordance with expected Comet assay results in stomach
and liver following oral dosing of rats determined before the validation study (see the section
6-4.). Therefore, we discuss the predictive capability of the in vivo rat alkaline Comet assay not
only from the aspect of the four categories of test chemicals, i.e. genotoxic carcinogens,
genotoxic non-carcinogens, non-genotoxic carcinogens, and non-genotoxic non-carcinogens,
but also in terms of the expected outcomes for inducing comets on stomach and liver of rats
following oral dosing..
90. For the genotoxic carcinogens, all were initially expected to be positive. However, 12 of the
19 genotoxic carcinogens tested were judged “Positive”, six of 19 were “Negative”, and one
was “Equivocal”. Since 13 of 19 genotoxic carcinogens were considered to show at least a
positive alert, the positive sensitivity for genotoxic carcinogens would be simply calculated to
be 13/19 (68%).
91. However, if route and tissue-specificity and mode of action are taken into account, as
discussed in section 7-3-1, then a comparison of expected and actual Comet assay outcomes can
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be made:
Test chemical name

Comet outcome – liver

Comet outcome – stomach

Expected

Actual

Expected

Actual

2-Acetylaminofluorene

Positive

Negative

Negative

Negative

Acrylonitrile

Negative

Positive (final call)

Negative

Negative

by

oral

dosing

Negative (lab call)

o-Anisidine

Negative

Negative

Negative

Negative

Azidothymidine

Positive

Positive

Positive

Equivocal

Benzene

Negative

Negative

Negative

Negative

Busulfan

Decreased

Negative

Decreased

DNA

migration

DNA

Negative

migration

Cadmium chloride

Possible positive

Positive

Possible positive

Equivocal

p-Chloroaniline

Positive

Positive

Positive

Positive

Cisplatin

Probable negative

Positive

Probable negative

Negative

2,4-Diaminotoluene

Positive

Positive

Negative

Negative

1,2-Dibromomethane

Positive

Positive

Positive

Positive

1,3-Dichloropropene

Positive

Positive

Positive

Negative

1,2-Dimethylhydrazine

Positive

Positive

Negative

Negative

Hydroquinone

Negative

Negative

Negative

Negative

Methyl methanesulfonate

Positive

Positive

Positive

Positive

N-Nitrosodimethylamine

Positive

Positive

Negative

Negative

4,4‟-Oxydianiline

Probable negative

Negative

Probable negative

Decreased

dihydrochloride

DNA

migration
Sodium arsenite

Negative

Equivocal

Thioacetamide

Negative

Negative

(due

to

Negative

Negative

Positive

Positive

cytotoxicity)

92. Thus, for the genotoxic carcinogens, 15/19 (78.9%) expected results were obtained in the
liver, and 14/19 (73.7%) expected results were obtained in the stomach. This confirms the
sensitivity and applicability of the assay with coded carcinogenic chemicals.
93. For the genotoxic non-carcinogens it was initially expected that they would give negative
results. Based on this, the negative specificity for genotoxic non-carcinogens is calculated to be
83%, since 5 of 6 chemicals were judged to be “Negative”. However, as discussed in section
7-3-2, some of these chemicals might be expected to induce DNA damage in certain tissues. If
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all available data including likely mode of action are taken into account, then a comparison of
expected and actual Comet assay outcomes can be made:
Comet outcome – liver

Test chemical name

Comet outcome – stomach

Expected

Actual

Expected

Actual

Negative

Negative

Negative

Negative

p-Anisidine

Negative

Negative

Negative

Negative

2,6-Diaminotoluene

Probable negative

Positive

Negative

Negative

5-Fluorouracil

Positive

Negative

Negative

Negative

8-Hydroxyquinoline

Negative

Negative

Negative

Decrease in DNA

9-Aminoacridine

hydrochloride

monohydrate

migration
p-Phenylenediamine

Negative

Negative

Negative

Negative

94. Thus, for the genotoxic non-carcinogens, 4/6 (66.7%) expected results were obtained in the
liver, and 5/6 (83.3%) expected results were obtained in the stomach.
95. For the non-genotoxic carcinogens and the non-genotoxic non-carcinogens, all were
expected to give negative comet responses in both liver and stomach. Since only
t-butylhydroquinone gave a positive response (in liver) and all other chemicals in these 2 groups
were negative in both tissues, the negative specificity for these 2 groups was calculated to be
93.3%, since 14 out of 15 chemicals were judged to be “Negative”. If the 2 tissues are
considered separately, for the non-genotoxic carcinogens and non-genotoxic non-carcinogens
14/15 (93.3%) expected results were obtained in the liver and 15/15 (100%) expected results
were obtained in the stomach.
96. Considering the expected and actual results for both tissues for all 4 groups of chemicals,
33/40 (82.5%) expected results were obtained in the liver and 34/40 (85.0%) expected results
were obtained in the stomach.
97. The high ability of the assay to deliver the expected positive and negative Comet assay
outcomes, based on detailed knowledge of the compounds, their modes of action, and route-,
species- and tissue specificity can be taken as convincing evidence that the applicability domain
for the assay (namely to detect genotoxic and carcinogenic chemicals that induce DNA strand
breakage) is appropriately defined.
98. Since this step of the validation study is the final stage of a series of pre-validation and
validation efforts on the in vivo rat alkaline Comet assay, the second purpose of the validation
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should be discussed i.e. the use of the Comet assay as an alternative follow-up to the more
commonly used in vivo rodent Unscheduled DNA Synthesis (UDS) assay. The genotoxic
carcinogens used in this study included five UDS-positive chemicals, 2-acetylaminofluorene
(2-AAF), 2,4-diaminotoluene, 1,2-dimethylhydrazine dihydrochloride, methyl methanesulfonate
and N-nitrosodimethylamine, and four UDS-negative chemicals, acrylonitrile, o-anisidine,
1,3-dichloropropene and 4,4‟-oxydianiline. Four of the five UDS positives were judged to be
“Positive” for induction of comets in the liver of rats in this study, but 2-AAF was “Negative”.
Two of the four UDS negatives, acrylonitrile and 1,3-dichloropropene were judged to be
“Positive” in this study, although acrylonitrile was judged to be negative by the testing
laboratory based on their historical control data. Although the number of chemicals tested is
limited, the VMT concluded that Comet assay could be at least equal to or maybe more sensitive
in detecting genotoxic carcinogens than the UDS assay.
99. In discussing the usefulness of the Comet assay in detecting genotoxic or carcinogenic
chemicals, it should be taken into account that only the liver and the stomach (glandular
stomach) were analyzed in this validation study because the validation study protocol was
designed to screen for genotoxic and/or carcinogenic activity without consideration of the target
organ specificity. The liver is the primary organ for the metabolism of absorbed chemicals, and
the stomach is a site of first contact of chemicals after oral administration and these organs were
recommended for screening purposes in the previous discussion in ICAW (Tice, et al., 2000).
Interestingly, in this validation study, the following chemicals were judged to be “Positive” in
the liver and/or the stomach, although both organs were not targets in the rodent carcinogenicity
studies: acrylonitrile, azidothymidine, cadmium chloride, p-chloroaniline, and thioacetamide
(Table 2). In addition, the VMT had previously decided, before starting this step of validation
study, that target organ specificity of carcinogenicity might be considered in the interpretation of
negative results from genotoxic carcinogens, and this was taken into account in determining the
expected Comet assay results (see the sections 6-4 and 7-3-1.). The assay can surely be applied
to detect DNA damage in other tissues, and rational decisions regarding the most appropriate
tissues to sample should be based on all available knowledge at the time of starting the study.
100. The within- and/or between-laboratory variability of assay results was examined to some
extent in the 1st to 3rd phase pre-validation studies conducted in four or five lead-laboratories,
and the variability found in the early phases was reduced by modifications to the study protocol
for subsequent phases. By using version 14 of the study protocol, good between-laboratory
reproducibility was noted, and this was robustly confirmed in Phase 4-1 of this validation study
conducted in 13 laboratories. The within/between-laboratory reproducibility was also evaluated
in this study using negative and positive control group data. Good within-laboratory
reproducibility was observed, indicating that the experiments were well controlled in each
testing facility. Although slight between-laboratory variability was noted, the variation was
within the range of data-acceptance criteria except for one negative control value of the liver in
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one laboratory. Those results indicate that consistent Comet assay results could be obtained
within and/or between laboratories as far as the experiments are conducted with the version 14.2
study protocol.
101. Regarding cytotoxicity evaluation, histopathology was used in this validation study based
on the previous consensus of the IWGT meeting (Hartmann, et al., 2003). Histopathology
criteria for interpretation of positive findings in the Comet assay were originally proposed by
the VMT based on histopathological findings with the negative test chemicals in the Comet
assay and independent interpretation by each test facility. The interpretation method was then
discussed and applied to each of the blinded test chemicals by all participants at the Kyoto
meeting (Appendix 6). As a result, increased % tail DNA in the liver observed with both
thioacetamide and chloroform was interpreted to be related to severe cytotoxicity. Both
chemicals are well-known hepatotoxicants, and the carcinogenic MoA of chloroform in the liver
is reported to be due to cytotoxicity followed by regenerative hepatocyte proliferation
(Maronpot, et al., 1989). Thus the interpretation of positive findings in the Comet assay as being
an indirect consequence of liver toxicity based on histopathology findings was considered
justified for chloroform. In contrast, it is recommended that positive findings in the Comet assay
should be interpreted as relevant to in vivo genotoxicity even if weakly cytotoxic changes such
as single cell death/necrosis are observed by histopathology, because many genotoxic
carcinogens showing significant increases in % tail DNA in this validation study induced such
slight cytotoxicity as observed by histopathological changes.
102. In contrast to histopathology, clear increases in % hedgehog cells were found with only
three genotoxic carcinogens, 1,2-dimethylhydrazine dihydrochloride, methyl methanesulfonate,
and N-nitrosodimethylamine. There were no relationships between positive judgments in the
Comet assay or histopathological findings and increased % hedgehog cells, indicating that %
hedgehog cells would not be a good indicator for cytotoxicity evaluation. Presumably,
increased % hedgehog cells might be an indicator of severe genotoxicity, because increased %
hedgehog cells were only observed following treatment with the three above-mentioned
genotoxic carcinogens that showed high increases in % tail DNA in this validation study, and
also following treatment with N-methyl-N-nitrosourea, which also showed very high increases
in % tail DNA in Phase 4-1 of the validation study.
103. The significance of decreased % tail DNA in the stomach, which was observed following
treatment with acrylonitrile (genotoxic carcinogen), 4,4‟-oxydianiline (genotoxic carcinogen),
8-hydroxyquinoline (genotoxic non-carcinogen), ethionamide (non-genotoxic non-carcinogen),
and sodium chloride (non-genotoxic non-carcinogen) is also worthy of discussion. Since those
chemicals are not known to be cross-linking agents, and the typical cross-linking agents,
busulfan and cisplatin, failed to decrease % tail DNA in this validation study, decreased % tail
DNA found in this validation study would not appear to be indicative of a cross-linking
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genotoxic MoA. A possible explanation to interpret the significance of decreased % tail DNA
observed with the 5 chemicals listed above may be that cytotoxic effects caused the
decreased % tail DNA in the stomach. For example, acrylonitrile induced cytotoxicity in the
stomach according to histopathological findings, and sodium chloride was selected for this
validation study because it is a well-known cytotoxic agent for the stomach. Regarding a
possible mechanism for the decreased % tail DNA, it was pointed out that, when cytotoxicity
was observed in the stomach, the epithelial cells would be eliminated and then cells mainly
recovered from the stomach for Comet analysis would be the basal cells which show lower
values of % DNA in tail (Sachiko Kitamoto, personal communication at the Kyoto meeting).
Since histopathology was not always examined for the stomach in this validation study - it was
only done in the case of increased % tail DNA - further investigation of histopathology for the
stomach would be needed to clarify the relationship between decreased % tail DNA in the
stomach and the histopathological changes.
104. Based on the discussion above, the VMT has suggested that there may be two different
aspects regarding the relationship between changes of % tail DNA and cytotoxicity, i.e., severe
cytotoxicity would be expected to increase % tail DNA in the liver but might decrease it in the
stomach. It is clear that any changes in % tail DNA would require very careful interpretation if
they were seen alongside severe cytotoxic changes observed through histopathology. In such
cases further investigation using lower doses or other genotoxicity tests, such as DNA-adduct
formation or gene mutation assays with transgenic animals, may be required.
105. The use of historical control data is also worthy of discussion, especially for considering
the biological significance when increased % DNA in tail is noted following treatment with a
test chemical. This topic has already discussed in IWGT meetings (Butterworth, et al., 1995),
and it has been suggested that the distribution of historical control data should be established
with negative control data from at least 10 (preferably 20) independent experiments conducted
with the same study protocol and testing conditions (after technical maturation). Although the
distribution of historical control data was not considered in the evaluation of results in this
validation study, it would be practically possible to use the distribution in each testing facility,
as long as it has been established based on the IWGT consensus, for the interpretation of the
biological significance of increased % DNA in tail.
106. Only the liver and the stomach were selected for evaluation in this validation study but the
possibility of application of the methodology to other organs needs to be discussed. The cell
preparation methods used for the liver and the stomach would be basically applicable to other
organs that can be classified as parenchymatous (i.e. similar to the liver) or hollow organs (i.e.
similar to the stomach). Once cell suspensions have been prepared, the other technical
procedures used in the Comet assay and described in the study protocol are, of course,
applicable to all organs. The methods to prepare single cell suspensions were discussed in the
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IWGT and ICAW meetings (ICH, 2012, Tice, et al, 2000), and it has been already agreed that
single cell suspensions can be obtained from any solid tissues by using various methods, e.g.,
mincing briefly with a pair of fine scissors (McNamee, et al., 2000) as performed in this
validation study, incubation with digestive enzymes such as collagenase or trypsin (Tice, et al.,
1991), or by pushing the tissue sample through a mesh membrane, as long as it can be
demonstrated that the process leads to good cell survival and is not associated with
inappropriate background levels of DNA damage (Tice, et al, 2000). The international
consensus clearly supports applicability of the Comet assay protocol as developed in this
validation study to any tissue, and not only to the liver and the stomach. When applied to other
organs, it would be necessary to collect sufficient historical control data for each organ in each
testing facility with vehicle controls and a positive control such as EMS (see the above
paragraph about how to establish historical control data).
107. Finally, it is important to discuss how the in vivo rodent alkaline Comet assay should be
conducted in order to obtain a toxicologically significant result. Many researchers have
expressed concerns that the Comet assay may be susceptible to a high frequency of
false-positive results. It has been noticeable throughout the progress of this validation effort that
low % tail DNA values in the negative control group would sometimes lead to questionable
(probably toxicologically insignificant) results when the increases in % tail DNA in treated
groups were only marginally higher and still within the historical control distribution.
Researchers using the Comet assay may believe that lower values in the negative control group
(zero if possible) would be more effective in allowing the detection of very slight increases in %
tail DNA in treated groups. However, such an approach would most likely lead to even more
false-positive (toxicologically insignificant) results. In this validation study, there were no
clearly false-positive results - even the non-genotoxic non-carcinogen t-butylhydroquinone,
which gave a statistically significant comet response in the liver, was considered negative by the
testing lab oratory based on historical control data - and this would strongly indicate the
usefulness of aiming to achieve measurable % tail DNA values in control groups (i.e. not aiming
for zero) as has been described in the standardized study protocol and the data-acceptance
criteria. The VMT would like to stress that the data-acceptance criteria used in this validation
study should be strictly followed to obtain a toxicologically significant result with in vivo
Comet assay. In order to satisfy the criteria, establishment of technical competence would be
required as in all genotoxicity assays.
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(mg/kg)
500
125
250
500
30
400
A
NA
IH
K:
inin
120
1000
1600
500
500
2000
H:
mach
2000
mach
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Phase4.2 Appendix 1
INTERNATIONAL VALIDATION OF THE IN VIVO RODENT ALKALINE
COMET ASSAY FOR THE DETECTION OF GENOTOXIC CARCINOGENS
(VERSION 14.2)
Issued by: the Validation Management Team (VMT)
Date: November 30, 2009 revised
A. PURPOSE OF THIS DOCUMENT
This document is provided to clarify the conduct of an international validation study to evaluate
the ability of the in vivo rodent alkaline Comet assay to identify genotoxic carcinogens, as a
potential replacement for the in vivo rodent hepatocyte unscheduled DNA synthesis (UDS) assay.
This document represents the final study protocol developed as a result of the collaboration
efforts of the participating testing facilities and the VMT. Each testing facility will develop a
study protocol based on the information provided in this document.
B. ASSURANCE OF DATA QUALITY
The study will be conducted in facilities that are Good Laboratory Practice compliant.
Consistency between raw data and a final report is the responsibility of each testing facility. The
VMT may review the data for accuracy, if deemed necessary.
C. ANIMAL WELFARE AND 3Rs
Appropriate national and/or international regulations on animal welfare should be followed.
The 3Rs-principle for experimental animal use should be considered for determining the
experimental design.
D. TESTING PROCEDURE
1. MATERIALS AND METHODS
1.1

Test substances and positive/negative controls

1.1.1 Test substance
With the exception of ethyl methanesulfonate (EMS), test substances will be supplied to each
testing facility by the VMT. When coded substances are supplied, appropriate safety
information will be provided in a sealed envelope to be opened only by an appropriate
individual within the organization who is not involved in the study and/or in the case of an
emergency. If opened, appropriate documentation and justification will need to be provided to
the VMT.
1.1.2
Test substance preparation
Each test substance will be dissolved or suspended with an appropriate solvent/vehicle just
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before administration (see section 1.1.4.).
1.1.3
Positive control
EMS (CAS No. 62-50-0); the source and lot number to be used will be provided by the VMT.
EMS will be dissolved in physiological saline just before administration (within 2 hours).
1.1.4
Negative control (solvent/vehicle)
Solvents/vehicles for test substance preparation will be used as negative controls. An
appropriate solvent/vehicle for a test substance may be indicated by the VMT. In the absence of
instruction from the VMT, an appropriate solvent/vehicle will be chosen for each test substance
by the testing facility in the following order: physiological saline, 0.5% w/v sodium
carboxymethylcellulose aqua solution, corn oil.
1.2

Test animals

1.2.1
Species
Although either rats or mice can be used in this assay, the validation study will use rats. The
rat is the species most commonly used in toxicological studies and is the preferred species in
the in vivo rodent hepatocyte UDS assay.
1.2.2
Sex
In order to allow for a direct comparison with the rat hepatocyte UDS assay, males will be used.
1.2.3
Strain
Rat: Crl:CD (SD)
1.2.4

Source

Charles River Laboratories, Inc.
1.2.5
Age
At the time of purchase: 6-8 weeks of age (body weight 150 g - 320 g)
At the time of dosing: 7-9 weeks of age
1.2.6
Body weight
The weight variation of animals should be +/- 20% of the mean weight at the time of dosing.
1.2.7
Number of animals in each dose group at each sampling time
Five males (see note 1).
1.2.8

Animal maintenance

Animals will be reared under appropriate housing and feeding conditions according to the
standard operating procedures (SOP) in each testing facility, consistent with Section C “Animal
Welfare".
1.2.8.1 Diet
Animals will be fed ad libitum with a commercially available pellet diet.
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1.2.8.2 Water
Animals will be given free access to tap water ad libitum.
1.2.9
Animal quarantine and acclimation
Animals will be quarantined and acclimated for at least 5 days prior to the start of the study,
according to SOPs in each testing facility. Only healthy animals approved by the Study Director
and/or the Animal Facility Veterinarian will be used.
1.2.10 Animal identification and group assignment
Animals will be identified uniquely and assigned to groups by randomization on the basis of
body weight according to the SOP in each testing facility.
1.3
Preparation of Comet assay solutions
The following solutions will be prepared, consistent with laboratory SOPs, unless otherwise
specified (see note 2).
1.3.1
1.0-1.5% (w/v) standard agarose gel for the bottom layer (if used)
Regular melting agarose will be dissolved at 1.0-1.5% (w/v) in Dulbecco‟s phosphate buffer
(Ca++, Mg++ free and phenol free) by heating in a microwave.
1.3.2

0.5 % (w/v) low-melting agarose (Lonza, NuSieve GTG Agarose) gel for the
cell-containing layer and, if used, a top layer
Low-melting agarose will be dissolved at 0.5% (w/v) in Dulbecco‟s phosphate buffer (Ca++,
Mg++ free and phenol free) by heating in a microwave. During the study this solution will be
kept at 37-45°C and discarded afterward.

1.3.3

Lysing solution

The lysing solution will consist of 100 mM EDTA (disodium), 2.5 M sodium chloride, and 10
mM tris hydroxymethyl aminomethane in purified water, with the pH adjusted to 10.0 with 1 M
sodium hydroxide and/or hydrochloric acid. This solution may be refrigerated at <10C until
use. On the same day of use, 1 % (v/v) of triton-X100 and 10 % (v/v) DMSO will be added to
this solution and the complete lysing solution will be refrigerated at <10C for at least 30
minutes prior to use.
1.3.4
Alkaline solution for unwinding and electrophoresis
The alkaline solution consists of 300 mM sodium hydroxide and 1 mM EDTA (disodium) in
purified water, pH >13. This solution will be refrigerated at <10C until use. The pH of the
solution will be measured just prior to use.
1.3.5
Neutralization solution
The neutralization solution consists of 0.4 M tris hydroxymethyl aminomethane in purified
water, pH 7.5. This solution will be either refrigerated at <10C or stored consistent with
manufacturer‟s specifications until use.
1.3.6
Mincing buffer
The mincing buffer consists of 20 mM EDTA (disodium) and 10% DMSO in Hank‟s Balanced
184

Salt Solution (HBSS) (Ca++, Mg++ free, and phenol red free if available), pH 7.5 (DMSO will be
added immediately before use). This solution will be refrigerated at <10C until use.
1.3.7
Staining solution
The fluorescent DNA stain is SYBR Gold (Invitrogen-Molecular Probes), prepared and
used according to the manufacturer‟s specifications.
1.4 Comet assay procedure
1.4.1

Experimental design
Dose (mg/kg/day)

Number of animals
(see note 1)

0

5

200

5

Test compound

Low (1/4 of high)

5

Test compound

Medium (1/2 of high)

5

Test compound

High*

5

Compound
Vehicle (negative control)
EMS (positive control)

*High dose selection (see note 3): in general, in the absence of VMT directions, the high dose
level of a test compound will be selected as the dose producing signs of toxicity such that a
higher dose level, based on the same dosing regimen, would be expected to produce mortality,
or an unacceptable level of animal distress. Selection of doses will be based on the toxicity of the
test substance but will not exceed 2000 mg/kg/day.
1.4.2

Administration to animals

The test substance will be administered three times orally by gavage, 24 and 21 hours apart, i.e.
the second administration is 24 hours after the first administration, and the third administration
is 21 hours after the second administration (at 3 hours before animal sacrifice). EMS will be
administered twice orally by gavage at 24 hours and 3 hours before animal sacrifice. The
administration regimes are summarized in a figure below; this protocol enables us to integrate
the comet and micronucleated erythrocyte assay into one assay (see note 4). The dosage volume
will be 0.1 mL per 10 g body weight in rats on the basis of the animal weight just before
administration.
Test compound
or
Vehicle (negative control)

0 hr

24 hr

45 hr

48 hr

|------------------------|-------------------|-------------|
1st admin
2nd admin
3rd admin Sacrifice

EMS (positive control)

0 hr
21 hr
24 hr
|-------------------|-------------|
1st admin
2nd admin Sacrifice
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1.4.3
Measurement of body weight and examination of animal conditions
Individual body weights will be measured in accordance with local SOPs and just prior to
administration (the weight at this time will be used to determine the volume of each substance
administered) and at the time of termination. The clinical signs of the animals will be observed
from just after dosing to just before tissue removal with an appropriate interval according to the
SOP in each testing facility.
1.4.4
Tissue sampling
Animals will be humanely killed at 3 hours after third administration of a test substance and at 3
hours after second treatment of EMS, consistent with Section C “Animal Welfare and 3Rs”. The
stomach and the liver will be removed (see note 5). Tissues will be placed into ice-cold mincing
buffer, rinsed sufficiently with the cold mincing buffer to remove residual blood (more rinses
would likely be needed if exsanguination is not used), and stored on ice until processed. For
histopathology, samples will be obtained from the same liver lobe, and from a minimal possible
area of stomach.
1.4.5
Preparation of single cells
Single cell preparation should be done within one hour after animal sacrifice (see note 6). The
liver and the stomach will be processed as follows:
Liver: A portion of the left lateral lobe of the liver will be removed and washed in the cold
mincing buffer until as much blood as possible has been removed (see note 7). The portion will
be minced with a pair of fine scissors to release the cells. The cell suspension will be stored on
ice for 15-30 seconds to allow large clumps to settle (or, the cell suspension will be strained
through a Cell Strainer to remove lumps and the remaining suspension will be placed on ice),
and the supernatant will be used to prepare comet slides.
Stomach: The stomach will be cut open and washed free from food using cold mincing buffer.
The forestomach will be removed and discarded. The glandular stomach will be then placed
into cold mincing buffer and incubated on ice for from 15 to 30 minutes. After incubation, the
surface epithelia will be gently scraped two times using the a scalpel blade or a Teflon scrapper.
This layer will be discarded and the gastric mucosa rinsed with the cold mincing buffer. The
stomach epithelia will be carefully scraped 4-5 times (or more, if necessary) with a scalpel
blade or Teflon scrapper to release the cells. The cell suspension will be stored on ice for 15-30
seconds to allow large clumps to settle (or, the cell suspension will be strained with a Cell
Strainer to remove clumps and the remaining suspension will be placed on ice), and samples of
the supernatant used to prepare comet slides.
1.4.6
Slide preparation
Slide preparation should be done within one hour after single cell preparation (see note 6).
Comet slides will be prepared using laboratory specific procedures. The volume of the cell
suspension added to 0.50% low melting agarose to make the slides will not decrease the
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percentage of low melting agarose by more than 10% (i.e., not below 0.45%) .
1.4.7
Lysis
Once prepared, the slides will be immersed in chilled lysing solution overnight in a refrigerator
under a light proof condition (see note 6). After this incubation period, the slides will be rinsed
in purified water or neutralization solution to remove residual detergent and salts prior to the
alkali unwinding step.
1.4.8. Unwinding and electrophoresis
Slides will be randomly placed onto a platform of submarine-type electrophoresis unit and the
electrophoresis solution added. A balanced design will be used (see note 8). The electrophoresis
solution will be poured until the surfaces of the slides are completely covered with the solution.
The slides will be left to be unwind for 20 minutes. Next, the slides will be electrophoresed at
0.7 V/cm for at least 20 minutes, with a constant voltage at approximately 300 mA (see note 9).
The current at the start and end of the electrophoresis period should be recorded. The
temperature of the electrophoresis solution through unwinding and electrophoresis should be
maintained at a constant temperature <10C . The temperature of the electrophoresis solution
at the start of unwinding, the start of electrophoresis, and the end of electrophoresis should be
recorded.
1.4.9. Neutralization and dehydration of slides
After completion of electrophoresis, the slides will be immersed in the neutralization buffer for
at least 5 minutes. All slides will be dehydrated by immersion into absolute ethanol (99.6%)
for at least 5 minutes if slides will not be scored soon, allowed to air dry, and then stored until
scored at room temperature, protected from humidity > 60 %. Once scored, slides should be
retained and stored under low humidity conditions (e.g., in a desiccator) for potential rescoring.
1.4.10. DNA staining, comet visualization and analysis
Coded slides will be blind scored according to laboratory specific SOPs. The slides will be
stained with SYBR Gold according to manufacturer‟s specifications. The comets will be
measured via a digital (e.g. CCD) camera linked to an image analyzer system using a
fluorescence microscope at magnification of 200X. For each sample (animal/tissue), fifty
comets per slide will be analyzed, with 2 slides scored per sample (see note 10). Approximately
10 areas/slide should be observed at 5 cells or less/field (see note 11), taking care to avoid any
selection bias, overlap counting of cells, and edge areas of slides. Heavily damaged cells
exhibiting a microscopic image (commonly referred to as hedgehogs) consisting of small or
non-existent head and large, diffuse tails will be excluded from data collection if the image
analysis system cannot properly score them (see note 12). However, the frequency of such
comets should be determined per sample, based on the visual scoring of 100 cells per sample.
The comet endpoints collected will be % tail DNA, tail length in microns measured from the
estimated edge of the head region closest to the anode (see note 13), and, if possible for a
particular image analysis system, Olive tail moment [= a measure of tail length (a distance
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between a center of head mass and a center of tail mass; microns) X a measure of DNA in tail
(% tail DNA/100): Olive et al., 1990]. (see note 14)
1.4.11. Histopathology
When a positive Comet assay response is obtained for a tissue, a sample histopathological
assessment will be conducted to evaluate for the presence of apoptotic and/or necrotic cells
according to the SOP in each testing facility.

2. STATISTICS
Different approaches for data analysis have been proposed for comet data generated across a
range of test substance dose levels (Lovell et al. 1999; Hartmann et al. 2003; Wiklund and
Agurell 2003). The primary endpoint of interest for DNA migration is the % tail DNA. In
addition, the distribution of migration patterns among cells within an animal will be considered.
The percentage of “hedgehogs” will also be evaluated as a function of treatment. The unit of
analysis for a specific tissue is the individual animal.
In data analysis process of this validation study, three conceptual key terms, i.e. “Endpoint”,
“Estimate”, and “Effect” are defined and used. Briefly, “Endpoint” is defined as individual
observed values for a parameter such as % DNA in tail. “Estimate” is defined as a mean
calculated with values of a particular “Endpoint” in each animal. “Effect” is defined as
difference of an average of “Estimate” between a negative control group and a treatment group
(see note 15). Dunnett‟s test (two-sided, P<0.05) and linear Trend test (two-sided, P<0.05) will
be applied to “Effect” to judge positive or negative as assay results. For the positive control
group, Student‟s t-test (one-sided, P<0.025) will be applied to the “Effect”.

3. DATA AND REPORTING
3.1 Treatment of results
Individual animal data and group summaries will be presented in a fixed tabular form that will
be provided from the VMT.
3.2 Evaluation and interpretation of results
A positive response is defined as a statistically significant change in the % tail DNA in at least
one dose group in comparison with the vehicle control value using Dunnett‟s test (two-sided,
P<0.05) as well as a statistically significant linear Trend test (two-sided, P<0.05). A negative
response is defined as the statistically nonsignificant change in both Dunnett‟s test and the
linear Trend test, and an equivocal response is defined as the statistically significant change in
either of Dunnett‟s test or the linear Trend test. The positive control should produce a
statistically significant increase in Student‟s t-test (one-sided, P<0.025), and if not, the study
data will not be acceptable. Where a positive response is obtained in a test substance group, the
investigator(s) will assess the possibility that a cytotoxic rather than a genotoxic effect is
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responsible based on the percentage of “hedgehogs” and histopathology (see note 16). Positive
results indicate that the test substance induce DNA damage in the target tissue(s) investigated.
Negative results indicate that, under the test conditions used, the test substance does not induce
DNA damage in vivo in the tissue(s) evaluated.
3.3 Study report
The study report from each testing facility will at least include the following information:
3.3.1
Test substance and positive/negative controls
Identification; Chemical Abstracts Service Registry number (when available); supplier, lot
number and purity (when available); physiochemical properties relevant to the conduct of the
study, if known; justification for choice of vehicle; and solubility and stability of the substances
in the solvent/vehicle, if known.
3.3.2 Test animals
Species/strain used; number, age and sex of animals; source, housing conditions, quarantine and
acclimation procedure, and animal identification and group assignment procedure; individual
weight of the animals on the day of receipt, at the end of the acclimation period, and before
administration (at the time of grouping), including body weight range, mean and standard
deviation for each group; and choice of tissue(s) and justification.
3.3.3
Reagents to prepare reagent solutions
Identification; supplier; lot number; and time limit for usage if known.
3.3.4 Test conditions
Data from range-finding study, if conducted; rationale for dose level selection; details of test
substance preparation; details of the administration of the test substance; methods for verifying
that the test substance reached the general circulation or target tissue, if applicable; details of
food and water quality; detailed description of treatment and sampling schedules; method of
measurement of toxicity, including histopathology; detailed methods of single cell preparation;
method of slide preparation, including duration between tissue sampling and slide preparation,
agarose concentration, lysis conditions (duration for lysis, etc.), alkali conditions and pH, alkali
unwinding time and temperature, electrophoresis conditions (pH, V/cm, mA, and temperature at
the start of unwinding and the start and the end of electrophoresis) and staining procedure;
criteria for scoring comets and number of comets analyzed per slide, per tissue and per animal;
evaluation criteria; criteria for considering studies as positive, negative or equivocal.
3.3.5
Results
Signs of toxicity, including histopathology in the appropriate tissue(s) if applicable; individual
and mean values for DNA migration (and ranges) and % hedgehogs in individual tissue, animal,
and group; concurrent positive and negative control data; and statistical evaluation.
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3.3.6

Discussion of the results and/or conclusion, as appropriate.

4. ARCHIVES AND REVIEW
The study report and all raw data (including slide samples and image data) from this study will
be retained according to the SOP in each testing facility. All raw data will be submitted to the
management team for review if required.
5. NOTES
5.1 We evaluated the data of the 3rd phase validation studies as to whether or not fewer (two, three
or four) animals were sufficient in the positive control group to show a statistically significant
increase in the Effect (difference) with a one-tailed student‟s t-test (P<0.025). The analysis
results were presented and discussed at the Florence meeting held on August 25-26, 2009, and
the participants felt that the reduction of animal number would be possible but the slight
decrease in the statistic power might require additional experiments and result in the increase in
animal usage. Thus the VMT decided to continue using five animals as the positive control in
this validation effort. We may need to further investigate the appropriate number of
animals/group afterwards based upon power calculation.
5.2 We will likely need to specify shelf life for some solutions as we reconcile lab-specific
protocols.
5.3 The VMT extensively discussed at the Osaka meeting held on Feb. 4-6, 2009 how a preliminary
dose-finding study should be done to choose an appropriate high dose level, because selection
of a suitable high dose would be closely related to the sensitivity/specificity of genotoxicity
assays in general. The VMT decided to request each facility to submit its own protocol for
dose-selection, and the VMT will review them and then direct each facility to use its own
protocol as it is or to follow a dose-finding study protocol recommended by the VMT.
5.4 When following the regimen for EMS as a positive control, micronucleus (MN) induction will
be detected in bone marrow but not in peripheral blood. To also detect MN induction in
peripheral blood, it would be necessary to administer EMS as well as the other test chemicals
three times. It was also pointed out at the Florence meeting (August, 2009) that four times
administration of test chemicals excluding the positive control, EMS, would be needed if we
expect to detect micronuclei in the peripheral blood.
5.5 In this validation study, Comet analysis for the liver and the stomach will be conducted. Comet
analysis along with MN for the bone marrow and/or the peripheral blood are optional in this
validation study.
5.6 At the Florence meeting, it was pointed out that the duration of tissue sampling should be kept
to a set time (e.g. within 10 min) and the duration for lysis should be controlled, in order to
obtain more stable negative control values. The VMT considers that such action would be
preferred and recommended but not required of participant laboratories because the feasibility
would depend on the performance of each laboratory. To further address this issue, the duration
of tissue sampling and the duration for lysis should be recorded in the study report of each
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facility.
5.7 The size of the liver portions will be at the discretion of the laboratory, because there is no
recommendation for standardizing this step.
5.8 In each electrophoresis run, there should be the same number of slides from each animal in the
study; see Attachment 1, an example of how to keep track of each slide during each
electrophoresis run. Each laboratory will need to provide its own electrophoresis box chart, as
different boxes can accommodate different numbers of slides.
5.9 Under those electrophoresis conditions, it is expected that an average DNA migration obtained
in the negative control group will be 1-8% tail DNA for the liver, and 1-20% tail DNA for the
stomach. These ranges were set based on the analysis with negative control data from the 2nd
and 3rd phase validation studies, i.e. the average +/- 3XS.D. values were as follows in the 2nd
and 3rd phase validation studies, respectively: 3.8+/-4.8 (n=15 from 5 labs) and 3.1+/-3.9 (n=12
from 4 labs) in the liver, and 12.5+/-6.9 (n=12 from 4 labs) and 8.8+/-9 (n=10 from 4 labs) in
the stomach. The reason why the lowest value is set at 1 is to be able to detect a significant
decrease in % DNA in the tail. The decrease in DNA migration is expected for cross-linkers, and
if such agents are intended to be detected using the Comet assay then a decrease in migration
would be easier to detect when the negative control value is at the higher end of the acceptable
range. If the negative control average deviates from the range, the duration of electrophoresis
will be adjusted to achieve this range.
5.10
An investigation was conducted to compare with two slides/animal and three slides/animal
about some data of the 3rd phase validation study, and the result was presented and discussed at
the Florence meeting. As there was no difference between them as far as the present analysis
method was used, the VMT decided to use two slides/animal.
5.11
In order to obtain suitable areas for observation, dilution of cell suspension may be
required during the single cell preparation process.
5.12
This instruction indicates that if a comet is analyzable by the software program then it
should be analyzed. However the following cases will be excluded from the analysis: a)
analyzable but the recognition by software is considered incorrect (e.g. the automatic
recognition of nucleus center is shifted); and b) the staining of nucleus and/or migration is
considered poor. At the Florence meeting, more detailed analysis methods were discussed and
agreed to, i.e. cells should be classified into three categories, scorable, non-scorable and
hedgehog, and also scorable cells with a 90% or more DNA in the tail should not be adopted as
part of the data for analysis. The VMT will prepare a color atlas to instruct how to distinguish
comet and hedgehog.
5.13
„Tail length‟ is defined as „Tail migration‟ in some image analyzers such as Comet IV.
5.14
At the Atagawa meeting held on March 13-14, 2008, there was discussion about the need
to collect data on tail length and Olive tail moment in this validation study. Again, there was
brief discussion about this point at the Osaka meeting. The consensus was that % DNA in tail
seems to be a sufficient endpoint for validation and therefore these parameters would no longer
be analyzed statistically. However, data on tail length and tail moment will continue to be
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collected in this validation study in case there is a reason to analyze these data in the future.
5.15
Effect (difference) seems to be more suitable for revealing variation between labs than
Effect (ratio), which was pointed out at Osaka meeting in the discussion of the data of 3rd phase
validation study.
5.16
At the present moment, there is no evident data on the consistency between the percentage
of “hedgehogs” and histopathology. In this validation study, histopathology will be used as a
primary endpoint to evaluate cytotoxicity, although both of the data will be collected for further
analysis on the consistency between the percentage of “hedgehogs” and histopathology.
6. REFERENCES
Burlinson B, et al., Fourth International Workgroup on Genotoxicity Testing: result of the in
vivo comet assay workgroup. Mutation Res., 627, 31-35, 2007.
Collins AR, et al., Direct enzymatic detection of endogenous oxidative base damage in human
lymphocyte DNA. Carcinogenesis, 14, 1733-1735, 1993.
Hartmann A, et al., Recommendation for conducting the in vivo alkaline Comet assay.
Mutagenesis, 18(1), 45-51, 2003.
Lovell DP, G Thomas G, R Dubow., Issues related to the experimental design and subsequent
statistical analysis of in vivo and in vitro comet studies. Teratog Carcinog Mutagen. 19(2),
109-119, 1999.
Olive PL, et al., Heterogeneity in radiation-induced DNA damage and repair in tumor and
normal cell using the “comet” assay. Radiat. Res., 122, 86-94, 1990.
Tice RR et al., Single cell gel/Comet assay: guidelines for in vitro and in vivo genetic
toxicology testing. Environ. Mol. Mutagen., 35, 206-221, 2000.
Wiklund SJ, E Agurell., Aspects of design and statistical analysis in the Comet assay.
Mutagenesis 18(2):167-175, 2003.

192

Attachment 1:
SLIDES UNWINDING & ELECTROPHORESIS RECORDING SHEET
Electrophoresis Run #
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Approximate alkaline electrophoresis buffer
volume in chamber
Unwinding
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End

Total Start

End

Buffer Temperature
Electrophoresis
Running time
Volts
Milliamperes
Buffer Temperature
Thermometer No.
Electrophoresis chamber No.
Power supply No.

A
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+
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1

9
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4
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V
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7
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8
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VII

I

-

+

BLACK(-)

Study #

RED(+)

+
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+
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Phase4.2 Appendix 2
INTERNATIONAL VALIDATION OF THE IN VIVO RODENT ALKALINE
COMET ASSAY FOR THE DETECTION OF GENOTOXIC CARCINOGENS
- Study Plan for 2nd Step of 4th Phase Validation Study Issued by: the Validation Management Team (VMT)
Date: November 30, 2009

PURPOSE OF THIS DOCUMENT
This document is provided as a supplement to the study protocol to clarify the purpose,
schedule, and specific notes of each trial of an international validation study to evaluate the
ability of the in vivo rodent alkaline Comet assay.

STUDY TITLE
2nd step of 4th phase validation study of international validation of the in vivo rodent
alkaline Comet assay for the detection of genotoxic carcinogens (abbreviation: 2nd step of 4th
phase validation study of in vivo Comet assay)

BACKGROUND AND PURPOSE OF THIS STUDY
In the 1st step of the 4th phase validation study, the purpose was to examine the extent of
reproducibility and variability of assay results among laboratories using coded test chemicals
and the positive control EMS, when experiments were conducted in accordance with the Comet
assay protocol-version 14. In brief review of the data, the VMT qualitatively confirmed the
reproducibility and variability of assay results among laboratories. Thus the VMT decided to
move on the 2nd step of 4th phase validation study with an expanded set of test chemicals in
accordance with the Comet assay protocol-version 14.2.
The purpose of the 2nd step is to investigate the predictive capability of the assay against
carcinogenicity of test chemicals.

SCHEDULE
November 30, 2009: Agreement of the study plan by the VMT
~December 11, 2009: Delivery of the protocol-version 14.2 and the study plan to testing facilities

~December 31, 2009: Delivery of two or three test chemicals (if two test chemicals are
delivered, another will be delivered later)
~January 31, 2010: Delivery of data-spread sheet (Excel file)
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January ~ September, 2010: Experimental period (the experiment should be started after
acceptance of the study protocol and preparation of appropriate SOPs in
each testing facility; the data-spread sheet should be submitted to VMT
soon after the data are available)
March 12, 2010: Meeting on Comet international validation study at Salt Lake City, Utah, USA
October 31, 2010: Deadline of data-spread sheet submission to VMT
~January 31, 2011: Data analysis
~March 31, 2011: Finalization of the 2nd step of 4th phase validation study

SPECIFIC NOTES
SUCCESS CRITERIA
To obtain the predictive capability (values of positive sensitivity and negative specificity) of
the assay against carcinogenicity of test chemicals (to be discussed in the VMT meeting)
OTHERS
. Dose selection of coded test chemical
The dose levels of each coded test chemical will be decided by each facility. If available, the
VMT will provide toxicological information about each coded test chemical, such as the rat
LD50, to assist in this process.
Solvent/vehicle
The selection of the solvent/vehicle to use in preparing the dosing formulation for each coded
test chemical will be decided by each facility.
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Phase 4.2 Appendix 3

Chemical Selection Report

The JaCVAM Initiative International Validation Study of the in Vivo Rodent Alkaline Comet Assay:
Selection of Test Chemicals

Author: Takeshi Morita
Status: Draft v. 1.2
Date: August 29, 2012
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Summary
The Japanese Center for the Validation of Alternative Methods (JaCVAM) has sponsored a
large international prevalidation and validation study of in vivo rat alkaline Comet assay. The main
objective of the study was to assess the performance of the assay (i.e., sensitivity and specificity) in
correctly identifying carcinogens, as compared with the traditional rat liver UDS assay. Based on
existing carcinogenicity and genotoxicity data and chemical class information, 90 chemicals were
identified as primary candidates for use in the validation study. In the next process, 46 secondary
candidates and following 40 final chemicals were selected from these 90 chemicals based on the
sufficiency of carcinogenic and genotoxic data, similarity of chemical class or genotoxic or
carcinogenic mode of action (MOA), availability, or price, and ease of handling. These 40
chemicals included 19 genotoxic carcinogens, 6 genotoxic non-carcinogens, 7 non-genotoxic
carcinogens and 8 non-genotoxic non-carcinogens. “Genotoxicity” was defined as positive in the
Ames test or in one of the standard in vivo genotoxicity tests (primarily the erythrocyte
micronucleus assay) in this report. The selected chemicals covered various chemicals classes,
MOAs, or genotoxicity profiles. Therefore, they are considered to be suitable for the purpose of the
validation study. General principles of chemical selection for validation studies are also discussed.
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Introduction
New development and improvement of safety evaluation tests to application for regulatory
submission have to be reviewed by experts including regulatory bodies through the validation study
described in the OECD Guidance Document 34 (OECD, 2005) for regulatory acceptance.
Validation is the process of establishment of reliability and relevance of the tests, and research on
validation is a scientific activity for it.
Genotoxicity studies are one of major elements for safety studies. In general, all new
chemicals including industrial chemicals or pharmaceuticals, etc. have to be evaluated the potential
of genotoxic hazard. The tests for genotoxicity consist of in vitro assays and in vivo assays. The in
vivo assays are important in terms of confirmation of in vitro findings and risk evaluation for
humans, thus they have more weight than in vitro assays. However, target tissues or organs for in
vivo genotoxicity assays are generally hematopoietic cells in bone marrow or blood. Liver is an
important target tissue for metabolism of chemicals, especially for evaluation of in vitro positive
chemicals with metabolic activation system. However, the application of liver is limited to liver
UDS assay as regulatory accepted one which has the OECD test guideline (OECD, 1997). Other
tests for possible target of liver will be liver micronucleus test and rodent transgenic mutation test,
but the former test is not regulatory accepted yet (Morita et al., 2011). These tests are not
recognized as the tests for general routine use because of use of radio isotope, complexity, high cost,
or long experimental duration in experimental designs. There are no adequate simple in vivo tests in
addition to erythrocyte micronucleus assay. Recently, Comet assay has been developed as a in vivo
genotoxicity assay (Burlinson et al., 2007; Kirkland and Speit, 2008; Burlinson, 2012). All tissues
or organs in which isolation to single cells is possible are target for the evaluation, and the assay is
simple and easy to conduct with low cost. Especially, the usefulness of alternative method of the
UDS assay is under consideration as the second in vivo assay following to in vivo micronucleus
assay. For regulatory acceptance of Comet assay, it should be recognized as “acceptable method”
through the validation study for evaluation of its reliability and relevance, as described above. One
of purpose of genotoxicity tests is detection of carcinogens. The test to be validated is preferable to
showing high sensitivity (positive results for carcinogens) and high specificity (negative results for
non-carcinogens). Therefore, both carcinogens and carcinogens should be used in the validation
study for genotoxicity tests. In order to evaluate the Comet assay, the Japanese Center for the
Validation of Alternative Methods (JaCVAM) has sponsored a large international prevalidation and
validation study of it. Thus, possible suitable test chemicals have been selected for the JaCVAM
validation study of in vivo Comet assay.
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Methods
Chemical selection strategy
Main purpose of the JaCVAM initiative international validation study of the in vivo rodent
alkaline Comet assay is to investigate the predictive capability of the assay against carcinogenicity
of test chemicals, and additionally to investigate the alternative capability of the assay against
rodent liver UDS assay to detect genotoxic chemicals. To achieve the purpose of the validation
study, test chemicals belonging to following four categories based on their genotoxicity and
carcinogenicity properties should be selected; 1) genotoxic carcinogens, 2) genotoxic
non-carcinogens, 3) non-genotoxic carcinogens, and 4) non-genotoxic non-carcinogens. Therefore,
the use of appropriate chemical databases with genotoxic and/or carcinogenic information is
necessary. For genotoxic information, data from liver UDS assay and the existing in vivo Comet
assay in addition to standard tests including Ames test, in vitro chromosomal aberration test, and in
vivo micronucleus test will be considered. Sufficient number of chemicals will be selected as
primarily candidate chemicals from the database of potential test chemicals. Then, secondary
candidate chemicals will be picked up from the primarily candidates based on several limiting
factors such as similarity of chemical class, structure and mode of action, ease of handling,
availability, budget, etc. Thus, final chemicals will be selected from the second candidates to adjust
chemical numbers to be evaluated in the validation study.
Database of potential test chemicals
Database of potential test chemicals for the validation study should provide appropriate
genotoxic and/or carcinogenic information on the chemicals. Several databases were used for
primary chemical selection as follows (Table 1):


ECVAM List
The European Centre for the Validation of Alternative Methods (ECVAM) list is
recommended lists of genotoxic and non-genotoxic chemicals for assessment of the performance of
new or improved genotoxicity tests (Kirkland et al., 2008). It was discussed by an expert panel in an
ECVAM workshop. The list contains 61 chemicals which are Ames-positive or-negative in vivo
genotoxins, non-DNA-reactive chemicals (including non-genotoxic carcinogens), or
non-carcinogens that are negative or equivocal for genotoxicity in vivo.


IWGT UDS List
One of main purposes of the validation study is to investigate the alternative capability of
the Comet assay against rodent liver UDS assay to detect genotoxic chemicals. Therefore, selection
of chemicals with liver UDS data will be important. The International Workshop on Genotoxicity
Testing (IWGT) UDS list is an overview of published findings from in vivo liver UDS tests
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published up to 1993 (Madle et al., 1994). The list contains 131 chemicals which include 36
positives, 81 negatives, and 14 equivocal chemicals. One hundred and twenty-six chemicals were
investigated in male rats, 2 chemicals were examined in female rats, and 20 or 9 chemicals were
examined in male or female mice, respectively.


CSGMT List
The Collaborative Study Group of Micronucleus Test (CSGMT, a working group in the
Mammalian Mutagenicity Study group, which is a sub-organization of the Japanese Environmental
Mutagen Society) list is the results of a collaborative study on mouse bone marrow and/or
peripheral blood micronucleus assay of approximately 100 chemicals classified by the IARC
(Groups 1, 2A and 2B) (Morita et al., 1997). The list contains 280 chemicals which include 43, 40,
and 197 chemicals in Groups 1 (carcinogenic to humans), 2A (probably carcinogenic to humans)
and 2B (possibly carcinogenic to humans), respectively, with in vitro and in vivo genotoxicity data.


IARC List
The IARC list is agents reviewed by the IARC monographs (volumes 1-100A), as of 2 April
2009 (http://monographs.iarc.fr/ENG/Classification/index.php). It contains 935 chemicals/agents
that are 108, 63, 248, 515 and 1 chemicals/agents in Groups 1, 2A, 2B, 3 (not classifiable as to
carcinogenicity to humans) and 4 (probably not carcinogenic to humans), respectively. IARC
monographs provide extensive information including carcinogenic, genetic and related effects
caused by the agents.


CPDB List

The Carcinogenic Potency Database (CPDB) list is a unique and widely used international
resource of the results of 6540 chronic, long-term animal cancer tests on 1547 chemicals
(http://potency.berkeley.edu/). The CPDB provides easy access to the bioassay literature, with
qualitative and quantitative analyses of both positive and negative experiments that have been
published over the past 50 years in the general literature through 2001 and by the National Cancer
Institute/National Toxicology Program through 2004, and updated August 2007.


NTP List
The National Toxicology Program (NTP) list is a NTP results report by tabular form which
contain
results,
status
and
publication
information
on
all
NTP chemicals
(http://www.predictive-toxicology.org/data/ntp/original_ntp_data.txt). It was produced from NTP
chemtrack system dated October 8, 2000. The list contains about 2300 chemicals with data on
carcinogenicity, genotoxicity and organ systems toxicity.


EU GHS List
The European Union (EU) has been published the list of harmonised classification and
labelling of hazardous substances in Regulation (EC) No 1272/2008 of the European parliament and
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of the council (EU, 2008). The Globally Harmonised System of Classification and Labelling of
Chemicals (GHS) is incorporated as the global harmonisation of criteria for classification. The EU
GHS list contains about 4000 chemicals as EU hazardous substances in which many chemicals are
classified GHS categories 1A, 1B and 2 for their carcinogenicity or mutagenicity.
Carcinogenicity and genotoxicity
Information on carcinogenicity (carcinogenic, non-carcinogenic) was based on the IARC
evaluations. If the candidate chemicals were not included in the IARC list, other database such as
CPDB, ECVAM or EU GHS lists were used. Specific animal carcinogens due to by irrelevant
mechanism for humans or other species were also considered as carcinogenic. Information on
genotoxicity was based on the IARC monographs, ECVAM, IWGT UDS, CSGMT or NTP list. For
the chemicals finally selected, precise investigations on in vivo genotoxicity (mainly rats, if not or
insufficient, mice were used) were performed by literature survey using PubMed
(http://www.ncbi.nlm.nih.gov/pubmed/). Results from existing in vivo Comet assay were also
investigated using literatures (e.g., Sasaki et al., 2000; Sekihashi et al., 2002; Kirkland and Speit,
2008). In this report, “genotoxic” was defined as positive in the Ames test or in the standard in vivo
genotoxicity tests (mainly erythrocyte micronucleus assay).
Chemical properties
Carcinogens are usually divided into two groups, genotoxic carcinogens and non-genotoxic
carcinogens. Variety of chemical classes and carcinogenic or genotoxic mode of action (MOA) are
included in genotoxic carcinogens. Thus, chemical properties such as classes, structures and MOA
were considered to select chemicals whether Comet assay can apply to wide range of chemicals, or
not.
These
data
were
based
on
the
reports
from
IARC
monographs
(http://monographs.iarc.fr/ENG/Classification/index.php), Kirkland et al. (2008), Morita et al.
(1997), Sasaki et al. (2000), or Hazardous Substance Data Bank (HSDB,
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?CHEM).
Acute toxicity
It is important to investigate acute toxicity data before the start of experiments. Acute
toxicity data will provide good information on the selection of administration doses in the
dose-finding study. It affects amount of test chemicals to be provided, resulting in availability in
same lot or limitation in budget. As rats will be used for the validation study for the Comet assay,
rat oral LD50 values were investigated using Registry of Toxic Effects of Chemical Substances
(RTECS,
http://csi.micromedex.com/fraMain.asp?Mnu=&Restore=Y)
or
ChemID
Plus
(http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?CHEM).
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Availability
Even if a chemical is considered suitable for the validation study from the scientific point of
view, there will be a case that the chemical cannot be selected as test chemical in the international
validation study by the following factors: 1) non-marketed product by suitable manufacturer, 2)
insufficient amount of chemical in same lot, 3) difficulty in handling of chemicals (gaseous
chemical, very small packaging, etc.), 4) restriction of transportation to overseas, and 5) highly
expense. Thus, presence or not of marketed products including stocks in major manufacturer of
chemical agents, volume of package, and the price were investigated.
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Results
Primary candidate chemicals (90 chemicals excluding positive control)
The maximum 43 chemicals was planned to use in the main validation study for Comet
assay; the breakdown of the number will be approximately 22 genotoxic carcinogens and 7
chemical each of genotoxic non-carcinogens, non-genotoxic carcinogens, or non-genotoxic
non-carcinogens. The number was suggested by the Validation Management Team (VMT) based on
the necessity of demonstration of the predictive capability of the assay (sensitivity and specificity)
against carcinogenicity and possible number of chemicals tested (i.e., number of participation
institutions and duration of the validation study). Thus, 90 chemicals excluding a positive control
chemical were selected as primary candidate chemicals (Table 2). The number of chemicals selected
was about two times number of each chemical category.


Genotoxic carcinogens (43 chemicals)

Forty three chemicals including three alternatives were selected as genotoxic carcinogens.
Alternatives were ganciclovir for azidothymidine (AZT), and both daunomycin hydrochloride and
busulfan for mitomycin C (MMC). AZT or MMC is very important chemical as carcinogenic
nucleoside analogue or DNA-cross linker, respectively; but they are expensive. Of 33 chemicals
were Ames-positive, remaining 9 chemicals were Ames-negative (including one equivocal), but
were positive in in vitro chromosomal aberration (CA) test and rodent in vivo erythrocyte
micronucleus test. Majority of chemicals (37/42) were positive in in vitro CA test; one chemical had
no data. With respect to the results of liver UDS assay, 13, 12 or 1 chemicals were positive, negative
or inconclusive, and remaining 17 chemicals were no data.


Genotoxic non-carcinogens (13 chemicals)

Thirteen chemicals were selected as genotoxic non-carcinogens. Of 11 chemicals were
Ames-positive, remaining 2 chemicals were Ames-negative which were positive in in vitro CA test
and rodent in vivo micronucleus test. Majority of chemicals (11/12) were positive in in vitro CA test,
one chemical had no data on it. For the results of liver UDS assay, 1, 2 or 1 chemicals were positive,
negative or inconclusive, remaining 9 were no data.


Non-genotoxic carcinogens (19 chemicals)

Nineteen chemicals were selected as non-genotoxic carcinogens. All chemicals were
Ames-negative (including one equivocal of methapyrilene hydrochloride). For in vivo erythrocytes
micronucleus test, 13, 4 (chloramphenicol, diethylstilbestrol, lead acetate, and trichloroethylene) or
2 (methapyrilene hydrochloride and progesterone) chemicals were negative, inconclusive (presence
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both positive and negative results), or no data, respectively. Some chemicals (7/19) were positive
for in vitro CA test. For the results of liver UDS assay, no chemicals were positive, 8 were negative
and remaining 11 were no data. Chloroform, ethanol and methyl carbamate were included as
non-genotoxic liver carcinogens to evaluate the effects in liver in the Comet assay.


Non-genotoxic non-carcinogens (15 chemicals)
Fifteen chemicals were selected as non-genotoxic non-carcinogens. All chemicals were
Ames-negative, and all of data available 10 chemicals were also negative for in vivo micronucleus
assay. Some chemicals (5/15) were positive for in vitro CA test. For the results of liver UDS assay,
no chemicals were positive, 2 were negative, remaining 13 were no data. Sodium chloride was
included as a non-genotoxic non-carcinogenic gastrotoxicant to evaluate the effects in stomach in
the Comet assay.


Positive control (1 chemical)
Ethyl methansulfonate, one of genotoxic caricinogen, was used as positive control through
the validation study of Comet assay.
Secondary candidate chemicals (46 chemicals excluding positive control)
Forty six chemicals were selected as secondary candidates based on similarity of chemical
properties or availability including price among from the 90 primary candidate chemicals (Table 2).
In the main validation study in the Comet assay, five rats per group will be used. Total
treatment times by oral dosing will be 4, i.e., one in dose-range finding study and 3 in the main
assay. The amount of test chemicals used will depend on the highest dose which will be based on
the acute toxicity value. If the highest dose will be 100 mg/kg, minimum amount of test chemical
will be 800 mg; 20 mg per rat (100 mg/kg, as 200 g of rat body weight) x 5 (number of rats) x 2
(preparation of dosing solutions) x 4 (number of treatments) = 800 mg. In addition, another amount
for selection of vehicle or application of higher dose in dose-range finding study will be needed.
Thus, minimum requirement of test chemicals will be 1 g in this case. If the highest dose will be
2000 mg/kg (limit dose), actual consumption is 16 g and minimum requirement will be 20 g.
Therefore, chemicals with the price of more than 10,000 JPY per gram were excluded from a view
point of budget limitation, in general. Some chemicals were less information on their
carcinogenicity and/or genotoxicity, were without suitable supplier, were limitation of stocks with
same lot in the supplier, and were unhandy. These chemicals were eliminated from the secondary
candidates. Chemicals with duplication of properties, e.g., chemicals class or genotoxic mode of
action, were also unselected.
The reasons of unselecting were expensive for 16 chemicals including 2 unhandy ones, similarity
for 16 chemicals, less information on carcinogenicity and/or genotoxicity data for 7 chemicals and
no stocks or unhandy for 5 chemicals (Table 2).
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Final selection of 40 test chemicals excluding positive control
Forty chemicals were selected as final test chemicals among from the 46 secondary
candidate chemicals (Tables 2 and 3). Six deselected chemicals and reasons were as follows: 5
genotoxic carcinogens including acrylamide (due to the use in the phase 2 in the validation study),
N-methyl-N-nitrosourea (due to the use in the phase 3 and phase 4 – step 1 in the validation study),
MMC (due to expensive, and the use of busulfan as alternative), daunomycin hydrochloride (due to
alternative of MMC) and ganciclovir (due to alternative of AZT), and one non-genotoxic
non-carcinogen of D-mannitol (due to the use in the phase 3 and phase 4 – step 1 in the validation
study). Though 2,4-diaminotoluene (genotoxic carcinogen) and 2,6-diaminotoluene (genotoxic
non-carcinogen) were used in the phase 2 in the validation study, both chemicals were used also in
the main validation study to review inter-laboratory reproducibility. Final selection of 40 test
chemicals included 19 genotoxic carcinogens, 6 genotoxic non-carcinogens, 7 non-genotoxic
carcinogens and 8 non-genotoxic non-carcinogens. They were as follows:


Genotoxic carcinogens (19 chemicals)

 2-Acetylaminofluorene [53-96-3]
Carcinogenicity: IARC, Not listed; CPDB, positive
2-Acetylaminofluorene was positive for Ames and in vitro CA test and for many kinds of in
vivo genotoxicity tests including UDS, MN or rodent transgenic (TG) mutation assay in rats and/or
mice. It was positive for Comet assay with mice using one dose level in several organs including
liver.
It induced liver tumors in rats and mice, and mammary gland and skin tumors in rats (by
CPDB). Metabolic activation is required for its genotoxicity; the first step of it is to
N-hydroxy-2-acetylaminofluorene from 2-acetylaminofluorene. It forms C8 bulky adduct on DNA
(HSDB, 2003).
 Acrylonitrile [107-13-1]
Carcinogenicity: IARC 2B (V71, 1999); CPDB, positive
Acrylonitrile was positive for Ames and in vitro CA test. It was negative for UDS test with
rats, MN test with mice and TG mutation test with mice, but positive for MN test with rats treated
by iv injection and Comet assay with rat by ip injection. Liver was not evaluated in the TG mutation
test.
It induced glial cell tumors of the central nervous system, malignant mammary tumors,
Zymbal gland carcinomas, benign and malignant hepatocellular tumors and extrahepatic
angiosarcomas in rats. Acrylonitrile is mutagenic, especially after bioactivation by a microsomal
system. Since formation of DNA adducts with acrylonitrile in vitro is strongly increased by
formation of its epoxide, it is very likely that the genotoxicity of acrylonitrile is mediated primarily
by this metabolite (IARC, 1999). Acrylonitrile is metabolized by mammals to cyanide, which then
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transformed to thiocyanate; more effectively by mice than by rats following oral, ip, and iv
administration (HSDB, 2005).
Acrylonitrile vapor is a potent eye, mucous membrane, and skin irritant (HSDB, 2005).
 o-Anisidine [90-04-0] (o-Anisidine hydrochloride [134-29-2])
Carcinogenicity: IARC 2B (V73, 1999); CPDB, positive
o-Anisidine was positive for Ames and in vitro CA test. It was negative for UDS and MN
test, but positive for Comet assay in kidney, bladder and lung. It was also positive for TG mutation
test in bladder, but not in liver.
o-Anisidine hydrochloride was carcinogenic for rats and mice, inducing transitional cell
carcinomas or papillomas of the bladder. Metabolites of o-anisidine led to covalent binding to DNA,
and they were consistently more reactive with protein and glutathione than metabolites of
p-anisidine (IARC, 1999; HSDB, 2005).
o-Anisidine is a skin irritant (HSDB, 2005).
 Azidothymidine (AZT) [30516-87-1]
Carcinogenicity: IARC 2B (V76, 2000); CPDB, positive
AZT was positive for in vitro CA test, but not for Ames test. It was also positive for in vivo
MN test with rats and mice.
Administration of AZT by gavage induced vaginal squamous-cell carcinomas in mice, and a
low incidence of it in rats treated with the highest dose. AZT is incorporated into nuclear and
mitochondrial DNA in mammalian cells. It appears to cause mutations primarily by inducing large
deletions, consistent with its action as a DNA chain terminator (IARC, 2000).
 Benzene [71-43-2]
Carcinogenicity: IARC 1 (V100F, in prep; Supl 7, 1987), CPDB, positive
Benzene was not mutagenic to bacteria and liver in TG mouse. It was clastogenic to
mammalian cells in vitro and to rats and mice. Benzene was positive for Comet assay in several
organs including liver. It was negative for TG mutation test in liver by inhalation.
Oral doses of benzene induced Zymbal gland carcinomas, mammary carcinomas, and
leukemia in rats or mice. Metabolic products in rats are phenol, hydroquinone, catechol,
hydroxyhydroquinone, and phenylmercapturic acid (HSDB, 2005).
Benzene is a severe eye and moderate skin irritant (HSDB, 2005).
 Busulfan [55-98-1]
Carcinogenicity: IARC 1 (100A, 2011); CPDB, positive
Busulfan was positive for Ames and in vitro CA tests. It induced MN in mice. It was
positive for Comet assay in colon, but not liver and stomach.
In a study, intravenous administration of busulfan to mice significantly increased the
incidences of thymic and ovarian tumours. Busulfan is a direct-acting bifunctional alkylating agent
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that binds to cellular macromolecules including DNA, RNA, and proteins. In the liver, it rapidly
undergoes both enzymatic and non-enzymatic transformations, primarily through
glutathione-mediated processes, to less active, sulfur-containing metabolites (IARC, 2011).
 Cadmium chloride [10108-64-2]
Carcinogenicity: IARC 1 (100, 20009); CPDB, positive
Cadmium chloride was not mutagenic to bacteria. It was positive for in vitro CA test and in
vivo mouse MN assay. It gave negative results in Comet assay with mice treated with ip injection at
single dose level.
Oral administration of cadmium chloride to rats increased the incidence of large granular
lymphocytes, leukaemia, prostate tumors, and testis tumors in rats. When ingested, most of the
cadmium passes through the gastrointestinal tract without being absorbed. When absorbed,
cadmium will bind to metallothionein, forming a cadmium–metallothionein complex that is
transferred (via blood) primarily to the liver and the kidney. The genotoxicity of cadmium has to be
explained by indirect mechanisms. Frequently discussed mechanisms are related to oxidative stress,
the inhibition of DNA-repair systems, effects on cell proliferation, and on tumour-suppressor
functions (IARC, 2009).
 p-Chloroaniline [106-47-8]
Carcinogenicity: IARC 2B (V57, 1993); CPDB, positive
p-Chloroaniline was positive for Ames and in vitro CA tests. It induced MN in mice treated
by oral administration for 3 days, but not for single dosing. It gave positive results in Comet assay
in various organs in mice.
Oral administration of p-chloroaniline induced sarcomas of the spleen and splenic capsule in
male rats (IARC, 1993). Whether the mechanism of carcinogenesis is mediated through genotoxic
or non-genotoxic events is resolved. p-Chloroaniline is genotoxic in vitro but appears to be
dependent on metabolism for its full expression. There is one positive study in vivo (micronucleus
test), but this was positive only at a dose level in the range of the LD50 (HSDB, 2005; CICAD,
2003). p-Chloroaniline causes methaemoglobinaemia (IARC, 1993).
p-Chloroaniline is slightly irritating to eyes (HSDB, 2005).
 Cisplatin [15663-27-1]
Carcinogenicity: IARC 2A (Suppl.7, 1987); CPDB, Not listed
Cisplatin was positive for Ames and in vitro CA tests. It induced MN, DNA damage in colon,
lung and brain as Comet, and mutation in liver in mice treated by ip injection.
Cisplatin induced lung adenomas in mice and leukemia in rats by multiple intraperitoneal
tretaments (IARC, 1987). Cisplatin can react in a nonenzymatic manner with water in vivo to form
monoaquo and diaquo species following dissociation of the chloride groups. These metabolites
extensively bind to protein (>90%). Cisplatin can also react with DNA, forming both intrastrand
and interstrand cross-links. DNA adducts formed by cisplatin inhibit DNA replication and
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transcription, and lead to breaks and miscoding (HSDB, 2005).
The substance causes eye irritation or damage (HSDB, 2005).
 2,4-Diaminotoluene [95-80-7]
Carcinogenicity: IARC 2B (Suppl.7, 1987); CPDB, positive
2,4-Diaminotoluene was positive for Ames and in vitro CA tests. It was generally negative
for MN assay in mice and rats treated by ip or po. It was positive for Comet assay in several organs
including stomach in rats, but not in liver. In mouse TG mutation assay, it induced mutation in liver.
2,4-Diaminotoluene produced hepatocellular carcinomas after oral administration (IARC,
1987). In several rodent species the major urinary metabolite was 2,4-diamino-5-hydroxytoluene;
N-acetyl and glucuronide conjugates were also found. 2,4-Diaminotoluene is a mutagenic and
hepatocarcinogenic aromatic amine, requiring metabolic activation. It binds to DNA covalently, and
increases cell proliferation in livers of animals (HSDB, 2003).
2,4-Diaminotoluene is a skin, eye irritant (HSDB, 2003).
 1,2-Dibromoethane [106-93-4]
Carcinogenicity: IARC 2A (V71, 1999); CPDB, positive
1,2-Dibromoethane was mutagenic to bacteria, and it was clastogenic to mammalian cells in
vitro. It was negative for MN assay and TG mutation assay in liver of mice after ip treatment.
However, it was positive for Comet assay in multiple organs including liver and stomach, and for
liver UDS assay by ip or po treatment.
After oral administration, 1,2-dibromoethane induced squamous cell carcinomas of the
forestomach in rats and mice, hepatocellular carcinomas in female rats, hemangiosarcomas in male
rats, and aleolar/bronchiolar adenomas in mice (IARC, 1999). Human liver preparations metabolize
1,2-dibromoethane to water soluble and irreversibly protein- and DNA-bound metabolites by both
cytochrome p450 (CYP2E1 etc) and glutathione S-transferase enzymes. It binds covalently with
DNA in vivo. 1,2-dibromoethane is considered to be a bifunctional alkylating agent which is
capable of introducing cross links into biological materials (HSDB, 2005).
It is an irritant to eyes, skin, and mucous membranes (HSDB, 2005).
 1,3-Dichloropropene [542-75-6]
Carcinogenicity: IARC 2B (V71, 1999); CPDB, positive
1,3-Dichloropropene was positive for Ames test, but not in vitro CA test. It was negative for
MN and UDS assay with male rodents treated by ip or po. However, 1,3-Dichloropropene induced
micronuclei in the bone marrow of female mice after oral treatment, and DNA damage as Comet in
multiple organs of mice after ip treatment.
Technical-grade 1,3-dichloropropene (containing 1.0% epichlorohydrin), when given by
gavage, produced tumors of the urinary bladder, lung and forestomach in mice and of the liver and
forestomach in rats. The principle metabolic pathway of 1,3-dichloropropene is conjugation with
glutathione and elimination as mercapturic acids (IARC, 1999).
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It is a severely irritating to skin, eyes, and mucous membranes (HSDB, 2005).
 1,2-Dimethylhydrazine dihydrochloride [306-37-6] (1,2-Dimethylhydrazine [540-73-8])
Carcinogenicity: IARC 2A (V71, 1999); CPDB, positive
1,2-Dimethylhydrazine was positive for Ames and in vitro CA tests. It was also positive for
in vivo genotoxicity tests including UDS, MN or Comet in rats after oral treatment.
Whatever the route of administration, 1,2-dimethylhydrazine produced in mice and rats
adenomas and adenocarcinomas of the colon. 1,2-Dimethylhydrazine is metabolized by a sequence
of oxidation steps, first dehydrogenation to azomethane, N-oxidation of this to azoxymethane and
finally a C-oxidation to methylazoxymethanol. This last metabolite decomposes to give the highly
reactive methyldiazonium ion (DNA alkylation) to which the carcinogenicity of the compound has
been attributed (IARC, 1999).
Contact with the substance may cause irritation to skin, eyes, and mucous membranes
(HSDB, 2005).
 Hydroquinone [123-31-9]
Carcinogenicity: IARC 3 (V71, 1999); CPDB, positive
Hydroquinone was clasotogenic to mammalian cells in vitro, but not mutagenic to bacteria.
It induced micronuclei in the bone marrow of mice after intraperitoneal or oral treatment.
In rats, hydroquinone induced renal tubule adenomas in males. In mice, it induced
hepatocellular adenomas in females in one study and in males in another study. Hydroquinone is
metabolized mainly to conjugates, but a small percentage may be converted to 1,4-benzoquinone,
conjugated with glutathione or form DNA adducts in vitro (IARC, 1999).
Hydroquinone is irritating to eyes, skin, and respiratory system (HSDB, 2005).
 Methyl methanesulfonate [66-27-3]
Carcinogenicity: IARC 2A (V71, 1999); CPDB, positive
Methyl methanesulfonate was positive for Ames and in vitro CA tests, and for many kinds
of in vivo genotoxicity tests including UDS, MN, Comet or TG mutation assay.
Methyl methanesulfonate produced nasal tumors, tumors of the nervous system in rats
treated by inhalation exposure and by subcutaneous administration. In mice, it increased the
incidence of lung tumours and of lymphomas after oral administration (IARC 71, 1999). Methyl
methanesulfonate is one of monofunctional, methylating agents which produce primarily
7-methyl-guanine as an adduct (HSDB, 2008).
 N-Nitrosodimethylamine [62-75-9]
Carcinogenicity: IARC 2A (Suppl. 7, 1987); CPDB, positive
N-Nitrosodimethylamine was positive for Ames and in vitro CA tests, and for many kinds of
in vivo genotoxicity tests including UDS, MN, Comet or TG mutation assay.
N-Nitrosodimethylamine produced liver tumors in male rats treated by sc injection. It
209

induced tumors of nasal cavities and kidneys in rat after inhalation exposures. The metabolic
activation of N-nitrosodimethylamine by CYP2E1 and following alkylation of DNA are important
in its carcinogenic effect (IARC, 1987; HSDB, 2005).
The liquid and vapor may be irritating to the skin or eyes (HSDB, 2005).
 4,4‟-Oxydianiline [101-80-4]
Carcinogenicity: IARC 2B (Suppl.7, 1987); CPDB, positive
4,4‟-Oxydianiline was positive for Ames, in vitro CA, and mouse bone marrow MN tests. It
induced DNA damage to liver as Comet in mice, but not as UDS in rats.
4,4‟-Oxydianiline induced hepatocellular carcinomas in rats, adenomas of the Harderian
gland in mice, thyroid follicular cell adenomas or carcinomas in rats and mice after feeding
exposure (IARC, 1987; HSDB, 2003).
 Sodium arsenite [7784-46-5]
Carcinogenicity: IARC 1 (Suppl.7, 1987, 100C, 2009); CPDB, negative
Sodium arsenite was clasotogenic to mammalian cells in vitro, but not mutagenic to bacteria.
It induced micronuclei in the bone marrow of mice after intraperitoneal administration.
Sodium arsenite showed some evidence of renal tumor formation in female rats but not in
males after oral administration (drinking water). Arsenicals do not react directly with DNA, but
cells treated with low concentrations of trivalent arsenicals show increased oxidative DNA damage.
As(III) acts as an aneugen by interfering with spindle function and causing micronuclei with
centromeres, but at high (toxic) doses, it acts as a clastogen. Oxidative damage to DNA has been
shown to cause changes in DNA methylation, suggesting a mechanism by which As(III) may
induce this effect (IARC, 2009).
It is irritating to the eyes (HSDB, 2003).
 Thioacetamide [62-55-5]
Carcinogenicity: IARC 2B (Suppl.7, 1987); CPDB, positive
Thioacetamide was negative for Ames and in vitro CA tests. However, it was positive for
MN test with mice treated by oral administration. In Comet assay, it was positive in stomach, colon
and urinary bladder, but not in liver in mice treated by ip injection.
Dietary administration of thioacetamide caused liver cancer (hepatocellular carcinoma) in
mice and rats and tumors of the bile duct in rats. Thioacetamide is oxidized to thioacetamide
S-oxide which is not the reactive metabolite responsible for its toxicity, followed by the further
metabolism thioacetamide S-oxide to a reactive intermediate which can either bind to liver
macromolecules or be further degraded to acetamide and polar products. Thioacetamide is
metabolized in vivo to acetamide which is itself carcinogenic (IARC, 1987; HSDB, 2003).


Genotoxic non-carcinogens (6 chemicals)
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 9-Aminoacridine hydrochloride monohydrate [52417-22-8] (9-Aminoacridine hydrochloride
[134-50-9], 9-Aminoacridine [90-45-9])
Carcinogenicity: IARC, Not listed; CPDB, Not listed
9-Aminoacridine was positive for Ames and in vitro CA tests. No in vivo genotoxicity data
was available.
It is believed to be bacterial frame shift mutagen; it did not induce
6-thioguanidine-resistance in Chinese hamster V79 cells. There is no evidence that 9-aminoacridine
is carcinogenic．It is a simple intercalating agent which will not bind covalently to DNA
(O‟Donovan, 1984).
 p-Anisidine [104-94-9] (p-Anisidine hydrochloride [20265-97-8])
Carcinogenicity: IARC 3 (Suppl.7, 1987); CPDB, negative
p-Anisidine was positive for Ames and in vitro CA tests. No in vivo genotoxicity data was
available.
p-Anisidine hydrochloride was not carcinogenic in male and female mice and female rats
treated by the feed. Equivocal evidence was obtained in male rats (CPDB, HSDB, 2005).
 2,6-Diaminotoluene [823-40-5] (2,6-Diaminotoluene dihydrochloride [15481-70-6])
Carcinogenicity: IARC, Not listed; CPDB, negative
2,6-Diaminotoluene was positive for Ames and in vitro CA tests. However, results from in
vivo genotoxicity studies were conflict. Relatively high dose of 2,6-diaminotoluene induced UDS,
MN, and Comet in rats after oral administration. The chemical was also positive for MN test with
mice after ip treatment. TG mutation assay was negative in the liver of mice treated by diet.
2,6-Diaminotoluene dihydrochloride was not carcinogenic for male and female rats or for
male and female mice after 2-year feeding (HSDB, 2003). The carcinogen 2,4-diaminotoluene
produced a dose dependent increase in cell proliferation of approximately 10 – 20 % in livers of
animals, whereas the noncarcinogen 2,6-diaminotoluene produced no increase in cell turnover
compared to vehicle control. These results indicate a positive correlation between increased cell
proliferation and hepatocarcinogenesis induced by these two isomers of diaminetoluene (HSDB,
2003).
 5-Fluorouracil [51-21-8]
Carcinogenicity: IARC 3 (Suppl.7, 1987); CPDB, positive
5-Fluorouracil was positive for in vitro CA test, but not for Ames test. It induced MN in rats
after ip or po dosing. It was negative for Comet assay with mice treated by ip injection.
Though CPDB described that 5-fluorouracil induced tumor in lung or hematopoietic system
in mice, it is believed that there is no evidence of carcinogenicity. Long-term studies in animals to
determine the carcinogenic potential of 5-fluorouracil have not been performed; however, no
evidence of carcinogenicity was observed in several animal studies following oral or iv
administration of the drug for up to 1 year (IARC, 1987; HSDB, 2007) . 5-Fluorouracil is an
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antimetabolite of the pyrimidine analog type. It is considered to be cell cycle-specific for the S
phase of cell division. Activity results from its conversion to an active metabolite in the tissues, and
includes inhibition of DNA and RNA synthesis (HSDB, 2007).
 8-Hydroquinoline [148-24-3]
Carcinogenicity: IARC 3 (Suppl.7, 1987); CPDB, negative
8-Hydroquinoline was positive for Ames and in vitro CA tests. However, in vivo
genotoxicity tests including UDS, MN or Comet assay gave negative results in rats or mice.
8-Hydroxyquinoline, given at 1500-3000 ppm in the feed of male and female rats and mice
for 103 weeks, showed no evidence of carcinogenicity. On the other hand, structurally related
chemical of quinolone is a specific and potent carcinogen to the rat and mouse liver.
8-Hydroxyquinoline was metabolized to glucuronide and sulfate conjugates after iv administration
(HSDB, 2002).
 p-Phenylenediamine dihydrochloride [624-18-0] (p-Phenylenediamine [106-50-3])
Carcinogenicity: IARC 3 (Suppl.7, 1987); CPDB, negative
p-Phenylenediamine was positive for Ames and in vitro CA tests. However, it gave negative
results in MN or UDS assay with rodents.
There was no convincing evidence that dietary administration of p-phenylenediamine
dihydrochloride was carcinogenic in rats or mice (HSDB, 2002).


Non-genotoxic carcinogens (7 chemicals)

 Chloroform [67-66-3]
Carcinogenicity: IARC 2B (V73, 1999); CPDB, positive
Chloroform was negative for standard in vitro and in vivo genotoxicity tests including Ames,
CA, UDS, MN, Comet and TG mutation tests. It induced micronuclei in kidney cells of rats
co-treated with folic acid.
Chloroform induced kidney epithelial tumors in male rats and male mice treated by oral
administration (gavage or drinking water), and hepatocellular carcinomas in mice by gavage. The
metabolism of chloroform is via CYP2E1-mediated oxidation to phosgene. The rate of metabolism
is greatest in liver, kidney cortex, and nasal mucosa (HSDB, 2009). Chloroform has been shown to
induce cytolethality and regenerative cell proliferation in the target organs for cancer (IARC, 1999).
It is a skin and eye irritant (HSDB, 2009).
 Diethanolamine [111-42-2]
Carcinogenicity: IARC 2B (V101, in prep); CPDB, Not listed
Diethanolamine was negative for Ames and in vitro CA tests. It did not induce
micronucleated normochromatic erythrocytes in blood of mice treated by skin application for 90
days.
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There was no evidence of carcinogenic activity of diethanolamine in rats after 2-year dermal
studies. On the other hand, there was clear evidence of it in mice based on increasing incidences of
liver neoplasms and renal tubule neoplasms (HSDB, 2005). In mice, diethanolamine alters choline
homeostasis in a manner resembling choline deficiency. Diethanolamine-induced choline deficiency
thus provides a mechanism for the tumorigenesis noted in mice but not in rats. (IARC, 2000)
It is a slight irritation of skin and mucous membranes (HSDB, 2005).
 Di(2-ethylhexyl)phthalate [117-81-7]
Carcinogenicity: IARC 2B (V101, in prep): CPDB, positive
Di(2-ethylhexyl)phthalate was negative for standard in vitro and in vivo genotoxicity tests
including Ames, CA, UDS, MN, Comet and TG mutation tests.
Di(2-ethylhexyl)phthalate induced hepatocellular adenomas and carcinomas in mice and rats
treated by oral (feed) exposure. Additional studies found an increased incidence of pancreatic
acinar-cell adenomas in male rats, and an increased incidence of Leydig-cell tumors in rats. There
was argument that it caused liver tumors in rats and mice by a non-DNA-reactive mechanism
involving peroxisome proliferation, which was considered not relevant to humans previously. Since
then, additional mechanistic information has become available; the human relevance of the
molecular events leading to DEHP-induced cancer in several target tissues (eg, liver and testis) in
rats or mice could not be ruled out (IARC, in prep).
 Ethanol [64-17-5]
Carcinogenicity: IARC 1 (V96, 2010; V100E, in prep); CPDB, positive
Ethanol was negative for Ames and in vitro CA tests. It did not induce micronuclei in mice
treated by drinking water for 7 weeks.
Ethanol induced hepatocellular adenoma or carcinoma in male mice, not but in female mice
treated orally in the drinking water (IARC, 2010). In male rats, tumors were induced in adrenal
grand, liver, pancreas, or pituitary gland. Ethanol is metabolized by alcohol dehydrogenase to
acetaldehyde that is a genotoxic compound that is de toxified by aldehyde dehydrogenases.
However, the mechanisms of the induction of cancer by consumption of alcoholic beverages and
more specifically ethanol are not entirely clear, and are certainly complex (IARC, 2010).
It is an eye irritant (HSDB, 2006).
 Methyl carbamate [598-55-0]
Carcinogenicity: IARC 3 (Suppl.7, 1987); CPDB, positive
Methyl carbamate was negative for Ames and in vitro CA tests. It did not induce
micronuclei in mice after ip treatment.
Methyl carbamate induced hepatocellular neoplastic nodules and hepatocellular carcinomas
in male and female rats in 2-year gavage studies. It showed no evidence of carcinogenic activity for
male and female mice (HSDB, 2003). Liver tumors in rats will be due to inflammation and
hyperplasia resulting from bioaccumulation (poor clearance) (Kirkland et al., 2008).
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 o-Phenylphenol sodium salt [132-27-4] (o-Phenylphenol [90-43-7])
Carcinogenicity: IARC 2B for sodium salt (IARC 73, 1999) and IARC 3 for free base (IARC 73,
1999); CPDB, positive
o-Phenylphenol was positive for in vitro CA test, but not for Ames test. It did not induce CA
or MN in bone marrow cells of rodents. However, it was positive for MN assay with urinaly bladder
of rats. Comet assay gave conflict results with rats (one positive and one negative) or mice (one
positive) after oral treatment.
The carcinogenicity of o-phenylphenol or o-phenylphenol sodium salt toward the urinary
bladder was demonstrated when rats were chronically fed concentrations of 0.5%-4% in their diet.
Other species tested so far did not develop tumors. o-Phenylphenol produces cytotoxicity and
proliferation of the urothelium without formation of urinary solids. The paucity of unconjugated
metabolites and the lack of DNA adducts suggests that o-phenylphenol is acting as a bladder
carcinogen in male rats by inducing cytotoxicity and hyperplasia without it or its metabolites
directly binding to DNA (HSDB, 2003).
It is irritating to skin and the eyes (HSDB, 2003).
 Saccharin [81-07-2] (Saccharin sodium salt [128-44-9])
Carcinogenicity: IARC 3 (V73, 1999); CPDB, positive for sodium salt and negative for free base
Saccharin was negative for Ames and in vitro CA tests. It did not induce CA in bone marrow
cells of mice or mutation in liver of TG rats treated by po (gavage or diet). However, it was positive
for Comet assay with mice (stomach and colon) after po treatment.
Sodium saccharin produced urothelial bladder tumors in rats by a non-DNA reactive
mechanism that involves the formation of a urinary calcium phosphate containing precipitate,
cytotoxicity and enhanced cell proliferation. It is not carcinogenic to other species (HSDB, 2003).


Non-genotoxic, non-carcinogens (8 chemicals)

 Ampicillin trihydrate [7177-48-2] (Ampicillin [69-53-4])
Carcinogenicity: IARC 3 for free base (V50, 1990); CPDB, negative
Ampicillin was negative for Ames and in vitro CA tests. It did not induce MN in rats.
There was equivocal evidence of carcinogenicity of ampicillin trihydrate for male rats as shown by
increased incidences of pheochromocytomas of the adrenal medulla and marginally increased
incidences of mononuclear cell leukemia in 2-year gavage studies. There was no evidence of
carcinogenicity for female rats or for male or female mice (HSDB, 2003).
 o-Anthranilic acid [118-92-3]
Carcinogenicity: IARC 3 (V16, 1978, Suppl. 7, 1987); CPDB, negative
o-Anthranilic acid was positive for in vitro CA test, but not for Ames test. It did not induce
MN in bone marrow cells of mice.
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Anthranilic acid was not carcinogenic for either rats or mice under the conditions of a
bioassay in which animals were treated by feed (HSDB, 2008).
The substance irritates the eyes (HSDB, 2008).
 t-Butylhydroquinone [1948-33-0]
Carcinogenicity: IARC, Not listed; CPDB, negative
t-Butylhydroquinone was positive for in vitro CA test, but not for Ames test. It did not
induce MN in bone marrow cells of mice.
There was no evidence of carcinogenic activity of t-butylhydroquinone in rats or mice under
the conditions of 2-year feed study (HSDB, 2003).
It is a weak dermal irritant (HSDB, 2003).
 Ethioamide [536-33-4]
Carcinogenicity: IARC 3 (V13, 1977, Suppl.7, 1987); CPDB, positive
Ethioamide was negative for Ames test, but weak positive for in vitro CA test at 5-8 mM
with precipitate (Kirkland et al, 2008). There was no in vivo genotoxicity data.
Ethionamide was not carcinogenic to rats, but induced thyroid tumors in female mice
(Kirkland et al, 2008). However, a report mentioned that no lesions of the thyroid were found in the
dosed rats or mice at an incidence above that in the matched controls, and concluded that under the
conditions of this feeding bioassay, ethionamide was not carcinogenic in either rats or mice (NCI,
1987).
 Isobutylaldehyde [78-84-2]
Carcinogenicity: IARC, Not listed; CPDB, negative
Isobutylaldehyde was negative for Ames test or in vitro CA test with S9, but positive for in
vitro CA test without S9, which might be due to oxidative mechanism (Kirkland et al, 2008). It did
not induce MN in mice or rats.
There was no evidence of carcinogenic activity of isobutyraldehyde in rats or mice in 2-year
inhalation (6 hr/day, 5 days/week) studies (HSDB, 2003).
It is irritating to skin and eyes (HSDB, 2003).
 D,L-Menthol [15356-70-4]
Carcinogenicity: IARC, Not listed; CPDB, negative
D,L-Menthol

was negative for Ames test, but positive for in vitro CA test with toxicity in the
absence of S9 (Kirkland et al, 2008). It was negative for MN or Comet assay with mice treated by
ip or oral administration, respectively.
D,L-Menthol was not carcinogenic for either rats or mice in 2-year feeding bioassay (HSDB,
2003).
It is moderate irritant to mucous membranes on inhalation (HSDB, 2003).
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 Sodium chloride [7647-14-5]
Carcinogenicity: IARC, Not listed; CPDB, negative
Sodium chloride was negative for Ames or in vitro CA test. It was also negative for stomach
UDS assay with rat after po dosing, or for bone marrow MN assay with mice treated by ip
administration.
Sodium chloride did not induce tumors in male rats or in male and female mice. Sodium
chloride given alone had no apparent carcinogenicity but it promoted tumors in the glandular
stomach and forestomach (HSDB, 2007)..
 Trisodium ethylenediamine tetraacetic acid monohydrate [10378-22-0] (Ethylenediamine
tetraacetic acid (EDTA) [60-00-4], Trisodium EDTA trihydrate [150-38-9], Disodium EDTA
dehydrate [6381-92-6])
Carcinogenicity: IARC, Not listed; CPDB, negative for EDTA trihydrate [150-38-9]
Ethylenediamine tetraacetic acid (EDTA) was negative for Ames or in vitro CA test. It was
also negative for mouse bone marrow MN assay or mouse Comet assay. There was positive finding
in MN test in mice after ip dosing at relatively low dose levels, but the results is questionable (EU,
2004).
Although a variety of tumors occurred among test and control animals of both rats and mice
in 2-year feeding bioassay with trisodium EDTA trihydrate, no tumors were related to treatment
(HSDB, 2004).
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Discussion
Test chemical selection for validation study has a major impact on the success or failure of
the study. Suitable number of chemicals with specific properties should be selected to achieve the
purpose of the validation study.
In the beginning, 43 as maximum number of chemicals to be used was derived from VMT
based on the necessity of demonstration of the predictive capability of the assay (sensitivity and
specificity) against carcinogenicity, in the Comet validation study. Several databases were used for
the selection of primary candidate chemicals (Table 1). Then, 90 chemicals excluding positive
control were selected as primary candidates. They included genotoxic carcinogens, genotoxic
non-carcinogens, non-genotoxic carcinogens, or non-genotoxic non-carcinogens. In the next, 46 or
40 chemicals were selected as secondary candidates or final chemicals, respectively, based on
similarity of chemical properties, availability, or necessity for review of inter-laboratory
reproducibility among from primary or secondary candidate (Table 2). The final chemicals selected
were based on the consideration of carcinogenicity, in vitro and in vivo standard genotoxicity assay
results including existing UDS and Comet assay, chemical class, genotoxic MOA, or availability
(Tables 2 and 3). Chemical classes of them were summarized in Table 4. Nineteen genotoxic
carcinogens were selected from wide range of classes including 7 aromatic compounds including
aromatic amines, 3 aliphatic compounds including aliphatic halides, 1 heterocyclic compound, 3
metal compounds, 1 hydrazine, 2 sulfonates and 1 amide. Genotoxic or carcinogenic MOA of them
is DNA alkylation, DNA cross-linking, adduct formation including bulky one, nucleoside analogue,
aneugenic effect, possible DNA repair inhibition or cytotoxic effect. Chemicals belong to other
categories (i.e., genotoxic non-carcinogens, non-genotoxic carcinogens, and non-genotoxic
non-carcinogens) were mainly aromatic compounds, aliphatic compounds, or heterocyclic
compounds (Table 4). Carcinogenic MOA of the non-genotoxic carcinogens selected includes
hormonal effect, cytotoxicity, choline deficiency, peroxisome proliferation or inflammation. With
respect to UDS data in the 40 final chemicals, 6, 8 or 1 chemical showed positive, negative, or
inconclusive, respectively. Remaining 25 chemicals were not tested on UDS. Thus, final 40
chemicals were consisted of various chemicals classes, MOA, or genotoxicity profiles. Therefore,
these are considered to be suitable for purpose of the validation study, i.e., predictive capability of
the assay against carcinogenicity and alternative capability of the assay against rodent liver UDS
assay.
The process of chemical selection used in the Comet validation study will be applicable for
other validation study. It consists of derivation of maximum number of chemicals to be tested,
selection of databases used, collection of candidate chemicals, scientific refinements and practical
refinements (Table 5). These general principals of chemical selection will be useful for validation
study.
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