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mutations and clastogenic effects (mouse lymphoma tk assay), and systems
which detect primarily gene mutations (see Notes 1 and 2).

There has been a debate whether in vitro tests for chromosomal damage and the
mouse lymphoma tk assay are equivalent for detection of clastogens. Several
studies have shown that most of the differences reported are due to differences
in the test protocols employed. The scientific information given in Notes 3 and 4
demonstrate that with appropriate test protocols (see Section 5) the various in
vitro tests for chromosomal damage and the mouse lymphoma tk assay yield
results with a high level of congruence. Therefore these systems may be treated
as equally sensitive and considered interchangeable for regulatory purposes if
these test protocols are used. Consequently, for regulatory purposes, a negative
result in an in vitro test with cytogenetic evaluation of chromosomal damage or
in a mouse lymphoma tk assay gives additional assurance to the other parts of
the standard battery that the compound tested does not induce genetic damage.
In any event, the mammalian cells used for genotoxicity evaluation in vitro
should be carefully selected taking the specific particulars of the test cells, test
protocol and the test compound into account.

iii) An in vivo test for genetic damage should usually be a part of the test battery to
provide a test model in which additional relevant factors (absorption,
distribution metabolism, excretion) that may influence the genotoxic activity of
a compound are included. As a result, in vivo tests permit the detection of some
additional genotoxic agents (see Note 5). An in vivo test for chromosomal
damage in rodent hematopoietic cells fulfills this need. This in vivo test for
chromosomal damage in rodents could be either an analysis of chromosomal
aberrations in bone marrow cells or an analysis of micronuclei in bone marrow
or peripheral blood erythrocytes.

The following standard test battery may be deduced from the considerations
mentioned above:

i) A test for gene mutation in bacteria.

ii) An in vitro test with cytogenetic evaluation of chromosomal damage
with mammalian cells or an in vitro mouse lymphoma tk assay.

iii) An in vivo test for chromosomal damage using rodent hematopoietic
cells.

For compounds giving negative results, the completion of this 3-test battery,
performed and evaluated in accordance with current recommendations, will usually
provide a sufficient level of safety to demonstrate the absence of genotoxic activity.
Compounds giving positive results in the standard test battery may, depending on
their therapeutic use, need to be tested more extensively (see ICH “Guidance on
Specific Aspects of Regulatory Genotoxicity Tests for Pharmaceuticals”).

The suggested standard set of tests does not imply that other genotoxicity tests are
generally considered as inadequate or inappropriate (e.g. tests for measurement of
DNA adducts, DNA strand breaks, DNA repair or recombination). Such tests serve as
options in addition to the standard battery for further investigation of genotoxicity
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test results obtained in the standard battery. Only under extreme conditions in which
one or more tests comprising the standard battery cannot be employed for technical
reasons, alternative validated tests can serve as a substitute. For this to occur,
sufficient scientific justification should be provided to support the argument that a
given standard battery test is not appropriate.

The standard battery does not include an independent test designed specifically to
test for numerical chromosome changes, e.g. aneuploidy and polyploidy. However,
information on this type of damage should be derived from the cytogenetic evaluation
of chromosomal damage in vitro and in vivo.

4. MODIFICATIONS OF THE 3-TEST BATTERY

The following sections give situations where the standard 3-test battery may need
modification.

4.1 Limitations to the use of bacterial test organisms

There are circumstances where the performance of the bacterial reverse mutation test
does not provide appropriate or sufficient information for the assessment of
genotoxicity. This may be the case for compounds that are excessively toxic to
bacteria (e.g. some antibiotics) and compounds thought or known to interfere with the
mammalian cell replication system (e.g. topoisomerase-inhibitors, nucleoside-
analogues, or inhibitors of DNA metabolism). For these cases, usually two in vitro
mammalian cell tests should be performed using two different cell types and of two
different endpoints (gene mutation (see Note 1) and chromosomal damage).
Nevertheless it is still important to perform the bacterial reverse mutation test, either
a full test or a limited (range finding) test (see Section 5).

4.2 Compounds bearing structural alerts for genotoxic activity

Structurally alerting compounds (see Note 6) are usually detectable in the standard 3-
test battery. However, compounds bearing structural alerts that have given negative
results in the standard 3-test battery using induced rat liver S9 for metabolic
activation as standard in the in vitro tests and using mouse erythropoietic cells as
standard test cells for the in vivo test may require limited additional testing. The
choice of additional test(s) or protocol modification(s) depend on the chemical nature,
the known reactivity and metabolism data on the structurally alerting compound
under question (see Note 7).

4.3 New/unique chemical structures/classes

On relatively rare occasions, a completely novel compound in a unique structural or
functional (i.e. potentially DNA-reactive) chemical class will be introduced as a
pharmaceutical. It may not be easy to categorize such compounds with respect to e.g.
alerting structures, metabolism requirements, or interaction with cell replication. In
order to gain knowledge on the genotoxic potential of such compounds it may be
necessary to test them more comprehensively than in the standard 3-test battery, e.g.
in a further in vitro test with mammalian cells.

4.4 Genotoxicity testing of pharmaceuticals using solely in vitro tests



There are compounds for which conventional in vivo tests do not provide additional
useful information. This includes compounds that are not systemically absorbed and
therefore are not available for the target tissues in in vivo genotoxicity tests (i.e. bone
marrow or liver). Examples of such compounds are some radioimaging agents,
aluminum-based antacids, and some dermally applied pharmaceuticals. In these
cases, a test battery composed solely of in vitro test models is acceptable which should
consist of a bacterial gene mutation assay, a gene mutation assay with mammalian
cells (see Note 1) and a test for chromosomal damage with mammalian cells.

4.5 Considerations for additional genotoxicity testing in relation to the
carcinogenicity bioassay

Additional genotoxicity testing in appropriate models may be conducted for
compounds that were negative in the standard 3-test battery but which have shown
effects in carcinogenicity bioassay(s) with no clear evidence for a non-genotoxic
mechanism. To help understand the mechanism of action, additional testing can
include modified conditions for metabolic activation in in vitro tests or can include in
vivo tests measuring genotoxic damage in target organs of tumour induction (e.g.
liver UDS test, 32P-postlabelling, mutation induction in transgenes).

5. STANDARD PROCEDURES FOR IN VITRO TESTS IN THE STANDARD 
BATTERY

Reproducibility of experimental results is an essential component of research
involving novel methods or unexpected findings; however, the routine testing of
chemicals with standard, widely used genotoxicity tests need not always be
completely replicated. These tests are sufficiently well characterized and have
sufficient internal controls that repetition can usually be avoided if protocols with
built-in confirmatory elements such as outlined below are used.

Complete repetition of gene mutation tests is usually not necessary if the protocol
includes a range finding test that supplies sufficient data to provide reassurance that
the reported result is the correct one. For example, in bacterial mutagenicity tests,
preliminary range-finding tests performed on all bacterial strains, with and without
metabolic activation, with appropriate positive and negative controls, and with
quantification of mutants, may be considered sufficient replication of a subsequent
complete test. Similarly, a range-finding test may also be a satisfactory substitute for
a complete repeat of a test in gene mutation tests with mammalian cells other than
the mouse lymphoma tk assay if the range-finding test is performed with and without
metabolic activation, with appropriate positive and negative controls, and with
quantification of mutants (see Note 8). For both bacterial and mammalian cell gene
mutation tests, the results of the range-finding test should guide the selection of
concentrations to be used in the definitive mutagenicity test.

For the cytogenetic evaluation of chromosomal damage in vitro, the test protocol
includes the conduct of tests with and without metabolic activation, with appropriate
positive and negative controls where the exposure to the test articles is 3 to 6 hours
and a sampling time of approximately 1.5 normal cell cycles from the beginning of the
treatment. A continuous treatment without metabolic activation up to the sampling
time of approximately 1.5 cell cycles is needed in case of a negative result for the
short treatment period without metabolic activation. If severe cell cycle delay is
noted, a prolonged treatment or sampling time is needed. Negative results in the
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presence of a metabolic activation system may need confirmation on a case by case
basis (see Note 9). In any case information on the ploidy status should be obtained by
recording the incidence of polyploid cells as a percentage of the number of metaphase
cells.

For the mouse lymphoma tk assay, the test protocol includes the conduct of tests with
and without metabolic activation, with appropriate positive and negative controls,
where the exposure to the test articles is 3 to 4 hours. A continuous treatment
without metabolic activation for 24 hours is advisable in case of a negative result for
the short treatment without metabolic activation (see Note 4). Negative results in the
presence of a metabolic activation system may need confirmation on a case by case
basis (see Note 9). In any case, the conduct of a mouse lymphoma tk assay involves
colony sizing for positive controls, solvent controls and at least one positive test
compound dose (should any exist), including the culture that gave the greatest
mutant frequency.

Following such testing, further confirmatory testing in the case of clearly negative or
positive test results is not usually needed.

Ideally it should be possible to define test results as clearly negative or clearly
positive. But test results sometimes do not fit into the criteria for a positive or
negative call and therefore have to be defined as “equivocal”. In these circumstances,
the application of statistical methods can aid in data interpretation. Since the use of
statistical methods is not always satisfying for some of the standard genotoxicity
tests, adequate biological interpretation is of critical importance. The criteria for
declaration of a test result as positive or negative must in part be based on the
experience and standards of the laboratory carrying out the test. Equivocality then,
for example, encompasses test results which lack a dose related increase of the effect
in an appropriate dose range and / or test results which exceed the concurrent
negative control values but may lie within historical negative control data.

Further testing is usually indicated in the case of results that have to be called
equivocal even if the results are obtained with protocols such as outlined above.

6. Notes
(1) Test systems seen currently as appropriate for the assessment of mammalian

cell gene mutation include the L5178Y tk+/-→tk-/- mouse lymphoma assay (mouse
lymphoma tk assay), the HPRT-tests with CHO-cells, V79-cells, or L5178Y cells,
or the GPT-(XPRT) test with AS52 cells, and the human lymphoblastoid TK6
test.

(2) The molecular dissection of mutants induced at the tk locus shows a broad range
of genetic events including point mutations, deletions, translocations,
recombinations etc. (e.g. Applegate et al., 1990). Small colony mutants have
been shown to predominantly lack the tkb allele as a consequence of structural
or numerical alterations or recombinational events (Blazak et al., 1989; El-
Tarras et al., 1995). There is some evidence that other loci, such as hprt or gpt
are also sensitive to large deletion events (Glatt, 1994; Kinashi et al., 1995).
However, due to the X-chromosomal origin of the hprt gene which is probably
flanked by essential genes, large scale chromosomal damage (e.g. deletion) or
numerical alterations often do not give rise to mutant colonies, thus limiting the



sensitivity of this test. Therefore, the mouse lymphoma tk assay has advantages
in comparison to other gene mutation assays and it may be recommended to
conduct the mouse lymphoma tk assay as the gene mutation test. A positive
result in the mouse lymphoma tk assay may constitute a case for further
investigation of the type and/or mechanism of genetic damage involved.

(3) With respect to the cytogenetic evaluation of chromosomal damage, it is not
uncommon for the systems currently in use, i.e. several systems with permanent
mammalian cells in culture and human lymphocytes either isolated or in whole
blood, to give different results for the same test compound. However, a recently
conducted multi-laboratory comparison of in vitro tests with cytogenetic
evaluation of chromosomal damage gave conclusive evidence that the differences
observed are most often due to protocol differences (Galloway et al., 1996).

For the great majority of presumptive genotoxic compounds that were negative
in a bacterial reverse mutation assay, the data on chromosomal damage in vitro
and mouse lymphoma tk results are in agreement. A recently conducted mouse
lymphoma tk collaborative study reinforced this view. Under cooperation of the
Ministry of Health and Welfare of Japan and the Japanese Pharmaceutical
Manufacturer Association, a collaborative study on the mouse lymphoma tk
assay (MLA) was conducted by 45 Japanese and 7 other laboratories in order to
clarify how well the MLA can detect in vitro clastogens and polyploidy
(aneuploidy) inducers and how well the in vitro tests with cytogenetic evaluation
of chromosomal damage can detect compounds that were thought to act
exclusively in the MLA. On the basis of published data, 40 compounds were
selected, which were negative in bacterial reverse mutation assays, but positive
either in in vitro tests with cytogenetic evaluation of chromosomal damage (30
compounds) or in the MLA (9 compounds). These compounds were examined by
the microwell method using L5178Y tk+/- 3.7.2C cells or were reexamined in
CHL/IU cells for induction of chromosomal aberrations. Various aspects of this
study are currently in the process of publication (Matsuoka et al., 1996; Sofuni
et al., 1996).

The table below gives the results of this major attempt to compare the results of
in vitro tests with cytogenetic evaluation of chromosomal damage in different
cells (human lymphocytes, CHO, V79 and CHL cells) and the mouse lymphoma
tk assay:

chromosome
damage (CA)

chromosome
damage (CA)

chromosome
damage (CA)

mainly
structural

mainly
polyploidy

positive positive negative

mouse positive 21* 5* 2

lymphoma inconcl./equiv. 3 2 1

tk assay negative 2 1 3
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* 7 compounds (colchicine, 2´-deoxycoformycin, dideoxycytidine, phenacetin, p-tert butylphenol,

theophylline, thiabendazole) yielded clearly positive results in the MLA when the cells were

treated in the absence of S-9 mix for 24 hours instead of 4 hours.

Of 34 CA positive chemicals, 3 (9%) were negative in the MLA. These results
suggest that while the MLA may detect most clastogens and polyploidy
inducers, there may be some it can not detect (bromodichloromethane,
isophorone, tetrachloroethane). Tetrachloroethane induced polyploidy only,
whereas bromodichloromethane and isophorone were only weakly clastogenic.

Reinvestigation of 9 of 10 mouse lymphoma unique positive carcinogens that
were reported by the NTP (Zeiger et al., 1990) showed that only 3 were negative
in CHL/IU cells using the comprehensive protocol as outlined in section 5. The
same 9 compounds were reexamined in the present MLA study and two of the
three CA-negative compounds were positive (trichloroethylene and
cinnamylanthranilate). These data indicate that the number of MLA unique
positive compounds may be quite limited, i.e. at the moment, in the absence of
reinvestigation of other NTP reported mouse lymphoma tk uniquely positive
compounds, only trichloroethylene and cinnamylanthranilate are known.

Comparison with published data and data in regulatory files show that many
MLA and CA positive compounds were negative in the HPRT assay in which
large-scale DNA rearrangements could not be detected.

Only a few more clastogenic compounds giving negative results in the usual
mouse lymphoma tk assay with 3-4 hours of treatment can be found in the
published literature (Garriott et al., 1995). In conclusion, it is perceived that
from the aspect of safety testing for pharmaceuticals the mouse lymphoma tk
assay is an acceptable alternative for the direct analysis of chromosomal
damage in vitro. Colony sizing gives only limited information on the type of
damage induced in mutant colonies in the mouse lymphoma tk assay (see Note
2). Therefore, a positive result in a mouse lymphoma tk assay may need to be
investigated further to examine the type of genetic damage that was induced.

(4) Recent results from a number of different compounds give evidence that the
ability of the mouse lymphoma tk assay to detect some clastogens/aneuploidy
inducers is enhanced when the treatment protocol includes a 24 hours
treatment regime in the absence of an exogenous metabolic activation system.
Compounds such as colchicine, vincristine, diethylstilbestrol, caffeine,
Z-2´deoxycoformycin, dideoxycytidine, thiabendazole, theophylline, phenacetin,
p-tert butylphenol and azidothymidine, gave negative or only weakly positive
results in a standard mouse lymphoma tk assay with 3 or 4 hours of treatment
(absence of S-9 mix) but were tested clearly positive with 24 hours of exposure
to the test substance (azidothymidine and caffeine are the compounds which
were tested in the agar version of the mouse lymphoma tk assay whereas the
data on 24 hours treatment on the other compounds are generated with the
microwell method).

(5) There are a small but significant number of genotoxic carcinogens that are
reliably detected by the bone marrow tests for chromosomal damage that have
yielded negative/weak/ conflicting results in the pairs of in vitro tests outlined in
the standard battery options e.g. bacterial reverse mutation plus one of a
selection of possible tests with cytogenetic evaluation of chromosomal damage or



bacterial mutation plus the mouse lymphoma tk assay. Carcinogens such as
procarbazine, hydroquinone, urethane and benzene fall into this category.

(6) Certain structurally alerting molecular entities are recognized as being causally
related to the carcinogenic and/or mutagenic potential of chemicals (Ashby and
Tennant, 1988; Ashby and Tennant, 1991; Ashby and Paton, 1993). Examples of
structural alerts include alkylating electrophilic centers, unstable epoxides,
aromatic amines, azo-structures, N-nitroso-groups, aromatic nitro-groups.

(7) For some classes of compounds with specific structural alerts, it is established
that specific protocol modifications/additional tests are necessary for optimum
detection of genotoxicity (e.g. molecules containing an azo-group, glycosides,
compounds such as nitroimidazoles requiring nitroreduction for activation,
compounds such as phenacetin requiring another rodent S9 for metabolic
activation). Such modifications could form the additional testing needed when
the chosen 3-test battery yields negative results for a structurally alerting test
compound.

(8) The dose range-finding study should (i) give information on the shape of the
toxicity dose-response curve if the test compound exhibits toxicity; (ii) include
highly toxic concentrations; (iii) include quantification of mutants in the
cytotoxic range. If a compound were not toxic, then mutants should nevertheless
be quantified.

(9) A repetition of a test using the identical source and concentration of the
metabolic activation system is usually not necessary. However, a modification of
the metabolic activation system may be indicated for certain chemical classes
where knowledge is available on specific requirements of metabolism. This
would usually involve the use of an external metabolising system which is
known to be competent for the metabolism/activation of the class of compound
under test.
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