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Table 3. Mutant frequency of ¢/l gene in transgenic rats after Madder color treatment

Dose Number Number of Number of Mutant
Compound (%) Organ of laques mutants Frequency | p-value
° animals plaq (x10°)
0 5 4040100 102 25.2 -
1.0 Kidney 5 2946600 113 38.3% 0.0014
5.0 5 3036600 115 37.9% 0.0018
‘Madder 0 _ 5 2779200 50 18.0 -
color 1.0 Liver 5 2461500 50 20.3 0.3056
5.0 5 2668500 49 184 0.4993
0 Small 5 1916100 18 94 -
1.0 . . 5 1876500 23 123 0.2448
5.0 Intestine 5 1823400 28 15.4 0.0672
DMBA? 20 (mg/kg) Liver 5 1469700 115 78.2% 0.0000

* :p<0.05, significant difference from control (Kastenbaum and Bowman method, upper-tailed)
a):Positive control (7,12-dimethylbenz{a]anthracene). A single dose samples were prepared at 14-days after the dose.
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Table 4

Induction of mutation by Madder color in individual rats

D Animal Number of Number Mutant
Compound ;s)e Organ ID-N plaque of frequency Mean=S.D.
(% o forming units mutants (%10

1001 415,800 10 24.1
1002 690,300 11 15.9
. 1003 587,700 6 10.2

0 Liver 1004 598,500 16 26.7 183£6.9
1005 486,900 7 14.4
1101 435,600 14 32.1
1102 414,900 3 7.2
. 1103 497,700 8 16.1

1.0 Liver 1104 607,500 13 214 20.1%£92
1105 505,800 12 23.7
1201 520,200 18 34.6
1202 445,500 7 15.7
. 1203 478,800 8 16.7

5.0 Liver 1204 739,800 6 81 192498
1205 484,200 10 20.7

Madder

color 1001 506,700 3 5.9
1002 168,300 1 5.9
Small 1003 665,100 7 10.5

O | intestine | 1004 171,900 3 17.5 10.0%4.7
1005 404,100 4 9.9
1101 498,600 5 10.0
1102 666,900 6 9.0
Small 1103 252,000 4 15.9

10 intestine 1104 219,600 5 22.8 14.0:£5.6
1105 239,400 3 12.5
1201 488,700 10 20.5
1202 405,000 8 19.8
Small 1203 410,400 4 9.8

5.0 intestine 1204 105,300 2 19.0 157455
1205 414,000 4 9.7
20 1301 408,600 36 88.1

DMBA a) " Liver 1302 585,900 47 80.2 78.6+10.5
(mg/kg) 1303 475,200 32 673

a): Positive control (7,12-Dimethylbenz [a) anthracene); a single dose
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During the past two decades, a number of national
and international efforts have developed or refined the
test methods and guidance on their strategic use to
assess the potential genotoxicity of chemicals, includ-
ing pharmaceuticals, pesticides, and industrial chem-
icals (selected papers and guidelines: [1-4]). Among
the guidance documents agreed upon and used multi-
nationally are the Organisation of Economic Cooper-
ation and Development (OECD) protocol guidelines
on individual tests and the International Conference
on Harmonisation of Technical Requirements for

* Corresponding author. Tel.: +41-62-324-1797;
fax: +41-61-323-1893.
E-mail address: Lutz.Mueller@pharma.novartis.com (L. Miiller).

Registration of Pharmaceuticals for Human Use (ICH)
test and strategy guidelines for pharmaceuticals [5-7].
In addition, recently, a Globally Harmonised System
(GHS) for health hazard classification has been de-
veloped under the OECD auspices and is due to be
formally ratified under the United Nations in Decem-
ber 2002 as part of a wider model scheme for hazard
communication [8]. In the European Union (EU),
there are various Directives and associated Annexes
and Guidances that cover the regulatory requirements
for mutagenicity testing and classification of dan-
gerous substances [9—12] and the recently re-drafted
Technical Guidance Document on Risk Assessment
of New Substances, Existing Substances and Biocides
[13]. Also recently, the United Kingdom Commnit-

1383-5718/$ — see front matter © 2003 Elsevier B.V. All rights reserved.

doi:10.1016/j.mrgentox.2003.07.007
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tee on Mutagens (UKCOM) issued a strategic paper
that incorporates many recent developments in test
approaches and gives more weight than before on
the analysis of numerical chromosomal aberrations
[14].

To assist the continuous development of these
national and international guidances, two major inter-
national conferences on genotoxicity test procedures
under the International Workshop on Genotoxicity
Tests (IWGT) initiative were held in Melbourne,
Australia 1993 [15] and in Washington DC, United
States 1999 [16]. These workshops invited recognised
experts in genetic toxicity to work toward consensus
approaches in genotoxicity testing and assessment.
While an international consensus on test methods
was the goal of these conferences, it was recognised
that differences in legislation between countries often
limit a harmonisation in their strategic use. In order to
address the differences in national approaches, an ex-
pert group within the IWGT initiative was convened
in Plymouth, England, in June 2002 to develop a pro-
cess to provide guidance on a common strategy for
genotoxicity testing and risk assessment. The authors
of this summary paper comprise this IWGT strategy
group, which includes experts from government, in-
dustry and academia. Many of these individuals have
actively contributed to the development of the above

Table 1

mentioned strategies and guidances for genotoxicity
testing (e.g. [17-21]).

The IWGT strategy group members noted that there
is still a lack of common understanding of several
issues that are considered important for the develop-
ment of a consensus general strategy for genotoxicity
testing and the interpretation of test results for risk
assessment. While one initial goal of the group was to
develop a possible classification scheme for genotox-
icity, similar to the International Agency on Research
on Cancer (IARC) classification of evidence for hu-
man carcinogenicity, it became evident during the
discussions that the initial emphasis should be to for-
mulate a common genotoxicity testing and assessment
strategy. Therefore, the strategy group focused exclu-
sively on these aspects during the Plymouth meeting.

The group agreed upon a number of principles, such
as the need for an elementary data set that addresses
the three major genetic endpoints, namely mutagenic-
ity, chromosome breakage (clastogenicity), and aneu-
genicity. Table | summarises the consensus statements
concerning genotoxicity testing and assessment. The
strategy group understands that these consensus state-
ments are basic elements that are to be considered
independent from the area of use of test articles or
human exposure/dose scenarios. Although the group
consensus is that a minimum data set should always be

Consensus statements as derived from discussions in the IWGT Strategy and Classification Working Group

Consensus 1: For hazard evaluation, data are needed from an elementary data set providing information on (1) gene mutations, (2)
structural chromosome aberrations, and (3) numerical chromosome aberrations®
The tests conducted to evaluate effects on these endpoints need to be properly conducted, i.e. according to existing guidelines, IWGT

recommendations or best scientific practice

Structure-activity analysis is a useful supplementary tool for assessment but is not essential®
Investigations into biotransformation pathways (e.g. oxidative pathways and evidence for the formation of glutathione adducts), can
provide useful initial information but are not essential for interpretation of results that have been obtained with the standard rat liver

microsomal S9 mix®

Consensus 2: The three elementary genetic endpoints cannot currently be adequately covered with a single test system

Consensus 3: Useful information on the potential aneugenicity of a test chemical can be obtained by recording the incidence of

polyploidy and/or mitotic index in the in vitro cytogenetic test. A higher level of confidence in the detection of aneuploidy can be
obtained by studying the induction of micronuclei and/or non-disjunction (in vitro or in vivo)

Consensus 4: In some instances, in vivo studies are mandated or are part of the testing program (e.g. for pharmaceuticals). If in such
cases an aneuploidy endpoint (e.g. as detected with the in vitro micronucleus test or the assessment of polyploidy and mitotic index in
the in vitro cytogenetic assay) has not been studied in vitro, it should be studied in vivo

21t is recognised that at this time, existing regulations/guidelines/guidances/regulatory practices allow preliminary assessments on the
basis of a data set that may not include all of the components of the clementary data set.

b Most structure—activity methods mainly address potential direct DNA reactivity.

¢ A preliminary characterisation of the metabolism of the test compound in the in vitro genotoxicity test systems is useful.
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available, it is acknowledged that in practice there are
cases with such a low exposure potential that judge-
ments on the basis of more limited data may be justi-
fied.

Starting from these consensus statements, the vari-
ous regulatory strategies, their scientific assumptions
and their potential shortcomings were discussed. In
view of the limited time available at this first meet-
ing, it was recognised that a consensus on most major
issues could not be achieved. It was therefore unani-
mously decided to identify major open questions and
needs that would be addressed subsequently by inde-
pendent working groups. These working groups would
be formed after the meeting to work toward a consen-
sus on the issues identified below.

(1) Agents mutagenic in vivo but non-mutagenic in
vitro. Several current guidance approaches, in par-
ticular for the testing of pharmaceuticals, stipu-
late that an in vivo test should normally be part
of an initial test battery for genotoxicity. This ap-
proach was implemented because of examples of
agents that are mutagenic in vivo but not reli-
ably detected as mutagenic in standard in vitro
tests. These examples include procarbazine, ure-
thane, benzene and hydroquinone as referred to in
the ICH S2B guidance [7,15]. However, for most
of such compounds, positive results are available
from in vitro tests when the tests are adapted to
the specific characteristics of the test compound.
Nevertheless, the attendees felt that there were
additional relevant unpublished examples, which
need to come to the attention of the scientific com-
munity, if possible. The group felt that the oc-
currence of agents that are uniquely mutagenic in
vivo was relatively rare, but that a survey should
be made of unpublished evidence to provide sub-
stantive data on this point. It was suggested that
a questionnaire should be drafted and an effort
made to identify further examples of such agents.
This questionnaire should address the following
questions:

e Are there (further) examples of uniquely in vivo
positives that would justify the use of an in vivo
test in the initial battery of tests?

e Are there convincing examples of differences
between in vitro and in vivo metabolism that
would account for such a data set?

e Are there examples of inappropriately low ex-
posure to relevant metabolites in vitro?

(2) Rationale for in vivo testing of agents that are
negative after thorough in vitro testing. In certain
cases, there may be reasons to conduct in vivo test-
ing even after in vitro tests have been conducted
to the best standards and scientific knowledge and
have failed to identify mutagenic activity. The fol-
lowing three questions are designed to identify
follow-up scenarios if data from standard in vitro
tests are negative, but other information, such as
studies on metabolism, indicate that in vivo tests
would be helpful.

e Which endpoints/tissues should be studied in
vivo to confirm/investigate negative results in
vitro?

e What strategy is appropriate if structure—activity
data suggest that the conventional in vitro
assays may yield irrelevant results?

e What evidence indicates a need to conduct
follow-up tests in vivo (e.g. are there exam-
ples for in vivo metabolism known to generate
potentially active intermediates, which are not
produced by the in vitro metabolising system)?

(3) Follow-up testing of tumourigenic agents not
positive in the “standard” genotoxicity test bat-
tery. It is acknowledged that a carcinogenicity
test in rodents can yield evidence for a tumouri-
genic response of a compound that is negative in
a genotoxicity test battery in vitro and in vivo.
The ICH guidance S2B [7] stipulates that such
compounds shall be investigated further in sup-
plemental genotoxicity tests, if rodent tumouri-
genicity is not clearly based on a non-genotoxic
mechanism. Cases for which there is no clear
information about the mechanism of tumourige-
nesis occur often in rodent life-time bioassays.
Hence, examples of compounds that induce tu-
mours at specific sites in rodent carcinogenicity
studies, but which are clearly negative in vitro
and in vivo in the elemental data set, and which
have been subsequently tested in additional geno-
toxicity tests could be important for evolving a
more appropriate genotoxicity testing strategy. A
subgroup will examine such cases, the scientific
rationales that were applied, and the types of
tests that were conducted. It is understood that
these examples will most likely be available in
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the pharmaceutical area and will have to include
the recently developed mouse transgenic car-
cinogenicity assays, in particular those with an
activated human ras gene and an inactivated p53
tumor suppressor gene allele.
Metabolic considerations. Genotoxicity testing re-
lies heavily on rodent metabolism systems for in
vitro tests (normally aroclor- or phenobarbital-
plus 5,6-benzoflavone-induced rat liver S9) and
rodents are usually used for in vivo investigations.
Also, carcinogenicity testing is usually performed
with rodents (rats and/or mice). However, there
are examples of major human metabolites that are
not presented under the conditions in vitro or in
rodents in vivo. Under these circumstances, ad-
ditional testing may be indicated. The following
questions are related to this issue.

e When is a change in an exogenous metabolic
system in vitro indicated?

e Which animal species in vivo should be se-
lected?

e When shall the human metabolite be isolated or
synthesised and tested separately?

Dose—response considerations. Recently, evi-
dence for (i) non-linear dose—response relation-
ships, (i) responses only at high or cytotoxic
doses, and (iii) mechanisms of genotoxicity that
may involve a threshold have been important
topics of discussion in the field of genetic toxi-
cology. These aspects have not been treated with
consistency in the regulatory evaluation of geno-
toxicity. In this context, the following questions
have been raised during the group discussions as
relevant for a more consistent approach towards
the interpretation of genotoxicity test results:

e When do positive results in bacterial or in vitro
mammalian cell mutation tests indicate (or not
indicate) a human hazard?

e When can a negative mammalian cell gene mu-
tation test, e.g. a mouse lymphoma tk assay,
overrule a positive bacterial assay result?

e Are there examples of positives resulting
from bacterial-specific metabolism/mechani-
sms, which may be not relevant for the mam-
malian organism and what are the appropriate
measures to show this?

e How can positive results from in vitro micronu-
cleus assays be interpreted?

1. Isthe test agent an aneugen and does this imply
the existence of a threshold?

2. Is the test agent a clastogen and how can suffi-
cient evidence for a non-linear dose-response
or non-relevance be provided?

e Can reliable criteria be developed to identify
when positive genotoxicity results are either not
relevant, follow a non-linear dose—effect rela-
tionship or demonstrate a threshold, in particu-
lar for chromosomal aberration or mouse lym-
phoma tk tests in vitro and for genotoxicity as-
says in vivo?

(6) Risk assessment versus hazard identification.
There is considerable debate over how to conduct
risk assessment based on genotoxicity test results.
Traditionally, risk assessment considers in vivo
dose—response data, information on the mecha-
nism of action, and information on human expo-
sure. Since genotoxicity testing employs several
in vitro approaches, there is a need to assess how
in vitro data can contribute to a risk assessment. A
fundamental question is whether or how reliably
information on a genotoxic potency can derived
from in vitro test data and how this information
can be used quantitatively in risk evaluation?

These six general areas of discussion were con-
sidered to be the most critical for the strategic use
of test systems and interpretation of genotoxic-
ity test results. Ultimately, the goal of addressing
the issues outlined above is to develop consistent
strategies for genotoxicity testing and follow-up
that allow an assessment of potential for human
risk. For each of the above tasks, potential work
group leaders have been identified and a proce-
dure of regular meetings or conferences has been
developed.
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