December 23, 2002

NOTICE

QOur file number: 02-122028-691

Withdrawal of Toxicological Evaluation Guidelines and Re-issuance of | CH*
Safety Guidances

The Health Canada Toxicological Evaluation guidances (revised 1996) are being withdrawn
following an interna review by a Safety Expert Working Group which concluded that they no longer
reflected current toxicologica methodologies. Furthermore, the review revealed substantia areas of
overlap and inconsistency between these guidances and their more recently adopted ICH counterparts.

The following Hedlth Canada-adopted ICH Safety (Nonclinical) guidances, previoudy available as part
of the Toxicological Evaluation guidances, are being re-issued as stand a one documents:

1. S1A  Need for Carcinogenicity Studies of Pharmaceuticals

2. S2A  Guidance on Specific Aspects of Regulatory Genotoxicity Tests For
Pharmaceuticals

3. S3A  Notefor Guidance on Toxicokinetics: The Assessment of Systemic Exposurein
Toxicity Studies

4, S3B  Pharmacokinetics. Guidance for Repeated Dose Tissue Digtribution Studies

5. S5A  Detection of Toxicity to Reproduction for Medicina Products

These ICH guidances have been developed by the appropriate ICH Expert Working Group and have
been subject to consultation by the regulatory parties, in accordance with the ICH Process. The ICH
Steering Committee has endorsed the find draft and recommended its adoption by the regulatory
bodies of the European Union, Japan and USA.

In adopting these ICH guidances, Hedlth Canada as observer to |CH, endorses the principles and
practices described therein. These documents should be read in conjunction with this covering notice
and with the relevant sections of other gpplicable Hedth Canada guidance.

! ICH - International Conference on Harmonization of Technical Requirements for

the Registration of Pharmaceuticals for Human Use
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These and other guidance documents are currently available on the Ther apeutic Products
Directorate/ Biologics and Genetic Therapies Directorate Website (s) (http:/Mww.hc-
sc.ge.ca/lhpb-dgps/therapeut). The availability of printed copies of guidance documents may be
confirmed by consulting the Guidelines and Publications Order Forms (available on the TPD/BGTD
Website) or by contacting the Publications Coordinator?.

Should you have any questions regarding the content of the guidance, please contact

Colette F. Strnad, B. Sc., Ph.D.
Title Senior Scientific Advisor
Office of Science

Therapeutic Products Directorate
Holland Cross, Tower B,

2nd Floor, A.L. 3102C3

1600 Scott Street

Ottawa, Ontario

K1A 1B6

telephone; (613) 941-3693

fax: (613) 941-5035

email: colette_strnad@hc-sc.gc.ca

2 Tel: (613) 954-6466; E-mail: publications_coor dinator @hc-sc.gc.ca
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Health Canada Guidance on Specific Aspects of Regulatory
Genotoxicity Tests For Pharmaceuticals
Guidance for Industry ICH Topic S2A

FOREWORD

This guidance has been developed by the appropriate ICH Expert Working Group and has been
subject to consultation by the regulatory parties, in accordance with the ICH Process. The ICH
Steering Committee has endorsed the find draft and recommended its adoption by the regulatory
bodies of the European Union, Japan and USA.

In adopting this ICH guidance, Hedlth Canada endorses the principles and practices described therein.
This document should be read in conjunction with the accompanying notice and the relevant sections of
other applicable guidances.

Guidance documents are meant to provide assistance to industry and hedlth care professionals on how
to comply with the policies and governing statutes and regulations. They also serveto provide review
and compliance guidance to staff, thereby ensuring that mandates are implemented in afair, congstent
and effective manner.

Guidance documents are adminidrative instruments not having force of law and, as such, dlow for
flexibility in @pproach. Alternate approaches to the principles and practices described in this document
may be acceptable provided they are supported by adequate scientific judtification. Alternate
approaches should be discussed in advance with the relevant program areato avoid the possible finding
that applicable statutory or regulatory requirements have not been met.

Asacorallary to the above, it is equaly important to note that Health Canada reserves the right to
request information or materid, or define conditions not specificaly described in this guidance, in order
to alow the Department to adequately assess the safety, efficacy or quaity of athergpeutic product.
Hedth Canada is committed to ensuring that such requests are justifiable and that decisons are clearly
documented.
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1 INTRODUCTION

Guiddinesfor the testing of pharmaceuticas for genetic toxicity have been established in the European
Community (EEC, 1987) and Japan (Japanese Ministry of Health and Welfare, 1989). FDA's centers
for Drugs and Biologics Evauation and Research (CDER and CBER) currently consider the guidance
on genetic toxicity testing provided by the FDA Center for Food Safety and Applied Nutrition
(Federal Register notice, March 29, 1993) to be applicable to pharmaceuticals.

Thefollowing notes for guidance should be applied in conjunction with exiging guiddinesin the USA,
the European Community and Japan. The recommendations below are derived from considerations of
historical information held within the internationa pharmaceutical industry, the three regulatory bodies
and the scientific literature. Where relevant the recommendetions from the latest review of OECD
Guiddines (OECD, 1994) and the 1993 Internationa Workshop on Standardisation of Genotoxicity
Test Procedures (Mutation Research No. 312(3), 1994) have been considered.

2. SPECIFIC GUIDANCE AND RECOMMENDATIONS
2.1. Specific Guidancefor in Vitro Tests
2.1.1. TheBase Set of Strains Used in Bacterial Mutation Assays

Current guidances for the detection of bacterid mutagens employ severa drainsto
detect base subgtitution and frameshift point mutations. The Salmonella typhimurium
grains mentioned in guidelines (normaly TA 1535, TA1537, TA98 and TA100) will
detect such changes at G-C (guanine-cytosine) steswithin target histidine genes. It is
clear from the literature that some metagenic carcinogens dso modify A-T (adenine-
thymine) base pairs. Therefore the standard set of strains used in bacteria mutation
assays should include strains that will detect point mutations at A-T Sites, such as
Salmonella typhimurium TA102, which detects such mutations within multiple copies
of hisG genes or Escherichia coli WP2 uvr A, which detects these mutations in the
trpE gene or the same strain possessing the plasmid (pKM101), which carries mucAB
genes that enhance error prone repair (see note 1). In conclusion, the following base set
of bacterid strains should be used for routine testing: the strains cited below are dl
Salmonella typhimurium isolates, unless specified otherwise.

1. TA98; 2. TA100; 3. TA1535; 4. TA1537 or TA97 or TA97a (see note 2); 5.
TA102 or Escherichia coli WP2 uvr A or Escherichia coli WP2 uvrA (pKM101).
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In order to detect cross-linking agents it may be preferable to select Salmonella
typhimurium TA102 or to add arepair proficient Escherichia coli strain, such as
WP2 pKM10L1. It is noted that such compounds are detected in assays that measure
chromosome damage.

2.1.2. Definition of the Top Concentration for in Vitro Tests
2.1.2.1. High Concentration for Non-toxic Compounds

For fredy soluble, non-toxic compounds, the desired upper trestment levels are
5mg/plate for bacteriaand 5mg/ml or 10mM (whichever isthe lower) for
mammédian cdls

2.1.2.2. Desired Level of Cytotoxicity

Some genotoxic carcinogens are not detectable in in vitro genotoxicity assays
unless the concentrations tested induce some degree of cytotoxicity. It isalso
gpparent that excessive toxicity often does not alow a proper evauation of the
relevant genetic endpoint. Indeed at very low survivd levelsin mammadian cells,
mechanisms other than direct genotoxicity per se can lead to "pogtive” results
that are related to cytotoxicity and not genotoxicity (e.g. events associated with
gpoptoss, endonucl ease rel ease from lysosomes, etc.). Such events are likely
to occur once a certain concentration threshold is reached for atoxic
compound.

To baance these conflicting congderations the following levels of cytotoxicity
are currently acceptable for in vitro bacterid and mammdian cdl tests
(concentrations should not exceed the levels specified in 2.1.2.1.):

i) In the bacterid reverse mutation test, the highest concentration of test
compound is desired to show evidence of Sgnificant toxicity. Toxicity
may be detected by a reduction in the number of revertants, a clearing
or diminution of the background lawn.

i) The desired levd of toxicity for in vitro cytogenetic tests using cell lines
should be greater than 50% reduction in cell number or culture
confluency. For lymphocyte cultures, an inhibition of mitotic index by
greater than 50% is conddered sufficient.

1996



Health Canada

Guidance for Industry

Guidance on Specific Aspects of Regulatory
Genotoxicity Tests For Pharmaceuticals
ICH Topic S2A

iif) In mammadian cdl mutation testsidedly the highest concentration should
produce at least 80% toxicity (no more than 20% surviva). Toxicity
can be measured either by assessment of cloning efficiency (e.g.
immediately after treetment), or by cadculation of relative total growth,
i.e. the product of relative sugpension growth during the expression
period and rlative plating efficiency at the time of mutant selection.
Caution is due with pogtive results obtained at levels of surviva lower
than 10%.

2.1.2.3. Testing of Poorly Soluble Compounds

There is some evidence that dose-related genotoxic activity can be detected
when testing certain compounds in the isolable range in both bacterid and
mammalian cell genotoxicity tests. Thisis generaly associated with dose-related
toxicity (see note 3). It is possible that solubilization of a precipitate is enhanced
by serum in the culture medium or in the presence of S9-mix condtituents. It is
aso probably that cdl membrane lipid can facilitate absorption of lipophilic
compounds into cdlls. In addition some types of mammadian cells have
endocytic activity (e.g. Chinese hamster V79; CHO and CHL cells) and can
ingest solid particles which may subsequently disperse into the cytoplasm. An
insoluble compound may aso contain soluble genotoxic impurities. 1t should
aso be noted that a number of insoluble pharmaceuticals are administered to
humans as suspensions or as particulate materias.

On the other hand heavy precipitates can interfere with scoring the desired
parameter and render control of exposure very difficult (eg. wherea
centrifugation step(s) isincluded in a protocol to remove cells from exposure
media) (see note 4); or render the test compound unavailable to enter cellsand
interact with DNA.

The following strategy is recommended for testing rdatively insoluble
compounds. The recommendation below refersto the test article in the culture
medium.

If no cytotoxicity is observed then the lowest precipitating concentration should
be used as the top concentration but not exceeding 5mg/plate for bacteria tests
and 5mg/ml or 10mM for mammdian cell tests. If dose-related cytotoxicity or
mutagenicity is noted, irrespective of solubility, then the top concentration
should be based on toxicity as described above.
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2.2.

This may require the testing of more than one precipitating concentration (not to
exceed the above dtated levels). It isrecognised that the desired levels of
cytotoxicity may not be achievable if the extent of precipitetion interferes with
the scoring of thetest. In al cases precipitation should be evauated a the
beginning and a the end of the treatment period using the naked eye.

Specific Guidancefor in Vivo Tests
2.2.1. Acceptable Bone Marrow Tests for the Detection of Clastogensin Vivo

Tests measuring chromosoma aberrations in nucleated bone marrow cdls in rodents
can detect awide spectrum of changes in chromosomal integrity. These changes amost
al result from breskage of one or more chromatids astheinitia event. Breakage of
chromatids or chromasomes can result in micronucleus formetion if an acentric fragment
is produced; therefore assays detecting either chromosoma aberrations or micronucle
are acceptable for detecting clastogens (see note 5). Micronuclel can aso result from
lagging of one or more whole chromosome(s) at anaphase and thus Micronucleus tests
have the potentid to detect some aneuploidy inducers (see note 6).

In conclusion ether the andyss of chromosoma aberrations in bone marrow cells or
the measurement of micronuclested polychrométic erythrocytesin bone marrow cellsin
Vivo is acceptable for the detection of clastogens. The measurement of micronucl eated
immature (e.g. polychromatic) erythrocytes in periphera blood is an acceptable
dterndive in the mouse, or in any other speciesin which the inability of the spleento
remove micronucleated erythrocytes has been demonstrated, or which has shown an
adequate sengtivity to detect clastogens/aneuploidy inducers in periphera blood (see
note 7).

2.2.2. Useof Male/female Rodentsin Bone Marrow Micronucleus Tests

Extengve sudies of the activity of known clastogens in the mouse bone marrow
micronucleus test have shown that in generd mae mice are more sengtive than femde
mice for micronucleus induction (see note 8). Quantitetive differences in micronucleus
induction have been identified between the sexes, but no quaitative differences have
been described. Where marked quantitetive differences exigt, thereisinvariably a
difference in toxicity between the sexes. If there is a clear quditative differencein
metabolites between mae and female rodents, then both
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sexes should be used. Smilar principles can be gpplied for other established in vivo
tests (see note 9). Both rats and mice are deemed acceptable for use in the bone
marrow micronucleus test (see note 10).

In summary, unless there are obvious differences in toxicity or metabolism between
ma e and fema e rodents, then maes done are sufficient for usein bone marrow
micronucleus tests. If gender-specific drugs are to be tested, then normaly animals of
the corresponding sex should be used.

2.3.  Guidanceon the Evaluation of Test Results

Comparative trids have shown conclusively that each in vitro test system generates both false
negetive and fase postive resultsin relaion to predicting rodent carcinogenicity. Genotoxicity
test batteries (of in vitro and in vivo tests) detect carcinogens that are thought to act primarily
viaamechanism involving direct genetic damage, such as the mgority of known human
carcinogens. Therefore, these batteries may not detect non-genotoxic carcinogens.
Experimenta conditions, such asthe limited cgpability of thein vitro metabolic activation
systems, can dso lead to fase negative resultsin in vitro tests. The test battery approach is
designed to reduce the risk of fase negative results for compounds with genotoxic potentid,
while a positive result in any assay for genotoxicity does not necessarily mean that the test
compound poses a genotoxic/carcinogenic hazard to humans.

2.3.1. Guidanceon the Evaluation of in Vitro Test Results
2.3.1.1. InVitro Positive Results
The stientific literature gives a number of conditions which may leed to a
positive in vitro result of questionable relevance. Therefore, any in vitro
positive test result should be evaluated for its biologica relevance taking into
account the following considerations (thisis not exhaustive, but is given asan

ad to decison-making):

i) Is the increase in response over the negative or solvent control
background regarded as a meaningful genotoxic effect for the cells?

ii) Is the response concentration-rel ated?

iif) For weak/equivoca responses, is the effect reproducible
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iv)

Vi)

viii)

Is the positive result a consegquence of an in vitro specific metabolic
activation pathway/in vitro specific active metabolite (see aso note
12)?

Can the effect be attributed to extreme culture conditions that do not
occur in in vivo studions, eg. extremes of pH; osmoldity; heavy
precipitates especidly in cell suspensions (see note 4)?

For mammdian cdls, isthe effect only seen at extremely low surviva
levels (see section 2.1.2.2. for acceptable levels of toxicity)?

Is the pogitive result attributable to a contaminant (this may be the case
the compound shows no structurd aerts or is weakly mutagenic or
mutagenic only & very high concentrations)?

Do the results obtained for a given genotoxic endpoint conform to that
for other compounds of the same chemicd class?

2.3.1.2. InVitro Negative Results

For in vitro negative results specid atention should be paid to the following
congderations (the examples given are not exhaudtive, but are given asan aid to
decison-making): Does the structure or known metabolism of the compound
indicate that standard techniques for in vitro metabolic activation (e.g. rodent
liver S9) may be inadequate’? Does the structure or known resctivity of the
compound indicate that the use of other test methods/'systems may be
appropriate?

2.3.2. Guidance on the Evaluation of in Vivo Test Results

In vivo tests, by their nature, have the advantage of taking into account absorption,
digribution and excretion, which are not factorsin in vitro tests, but are relevant to
human use. In addition metabolism is likely to be more rdevant in vivo compared to
the sysems normdly used in vitro. There are afew validated in vivo models accepted
for assessment of genotoxicity. These include the bone marrow or periphera blood
cytogenetic assays. If acompound has been tested in vitro with negetive results, it is
usudly sufficient to carry out asinglein vivo cytogenetics assay.
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For acompound that induces abiologicdly relevant postive result in one or morein
vitro tests (see section 2.3.1.1.), afurther in vivo test in addition to thein vivo
Cytogenetic assay, using atissue other than the bone marrow/periphera blood, can
provide further useful information. The target cdlls exposed in vivo and possibly the
genetic endpoint measured in vitro guide the choice of thisadditiond in vivo test.
However, there is no vaidated, widely used in vivo system which measures gene
mutetion. 1n vivo gene mutation assays using endogenous genes or transgenes in severd
tissues of the rat and mouse are at various stages of development. Until such tests for
mutation become accepted, results from other in vivo tests for genotoxicity in tissues
other than the bone marrow can provide vauable additiona data but the assay of
choice should be scientificaly judtified (see note 11).

If in vivoand in vitro test results do not agree, then the differences should be
considered / explained on a case-by-case basis (see sections 2.3.1.1. and 2.3.2.1,, and
note 12).

In conclusion, the assessment of the genotoxic potentid of a compound should take into
account the totdity of the findings and acknowledge the intringc vaues and limitations
of both in vitro and in vivo tests.

2.3.2.1. Principlesfor Demonstration of Target Tissue Exposure for
Negativein Vivo Test Results

I n vivo tests have an important role in genotoxicity test Srategies. The
ggnificance of in vivo resultsin genotoxicity test srategiesis directly related to
the demongtration of adequate exposure of the target tissue to the test
compound. Thisis especidly true for negative in vivo test results and when in
vitro test(s) have shown convincing evidence of genotoxicity. Although adose
sufficient to eicit abiologica response (eg. toxicity) in the tissue in question is
preferable, such a dose could prove to be unattainable since dose-limiting
toxicity can occur in atissue other than the target tissue of interest. In such
cases, toxicokinetic data can be used to provide evidence of bicavailability. If
adequate exposure cannot be achieved e.g. with compounds showing very
poor target tissue availability, extendve protein binding etc., conventiond in
ViVvo genotoxicity tests may have little value.
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The following recommendations apply to bone marrow cytogenetic assays, as
examples; if other target tissues are used, smilar principles should be applied.

For compounds showing positive resultsin any of thein vitro tests employed
demondtration of in vivo exposure should be made by any of the following
measurements:

i) By obtaining a sgnificant change in the proportion of immeture
erythrocytes among tota erythrocytesin the bone marrow, at the doses
and sampling times used in the micronucleus test or by measuring a
ggnificant reduction in mitotic index for the chromosomal aberration

assay.

ii) Evidence of bioavailability of drug-related materid ether by measuring
blood or plasma levels (see note 13).

iif) By direct measurement of drug-related materia in bone marrow.
iv) By autoradiographic assessment of tissue exposure.

For methods i) to iv), assessments should be made preferentialy at the top
dose or other relevant doses using the same species/strain and dosing route
used in the bone marrow assay.

If in vitro tests do not show genotoxic potentid, in vivo (Systemic) exposure
should be demongtrated and can be achieved by any of the methods above, but
can dso be inferred from the results of standard absorption, distribution,
metabolism and excretion (ADME) studies in rodents.

2.3.2.2. Detection of Germ Cell Mutagens

With respect to the detection of germ cell mutagens, results of comparative
dudies have shown that, in aqualitative sense, most germ cdl mutagens are
likely to be detected as such in somatic cdll tests and negative results of in vivo
somatic cell genotoxicity tests generdly indicate the absence of germ cdll effects
(see note 14).
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3. NOTES

1) Relevant examples of genotoxic carcinogensthat are detected if bacterid strains with
A-T target mutations are included in the base set can be found in the literature (e.g.
Levinet d., 1983; Wilcox et d., 1990). Andysis of the database held by the Japanese
Ministry of Labour on 5526 compounds (and supported by smaller databases held by
various pharmaceutical companies), has shown that approximately 7.5% of the bacterid
mutagens identified are detected by E. coli WP2 uvr A, but not by the standard set of
four SAmondla grains. Although anima carcinogenicity dete are not available on these
compounds, it is likely that such compounds would carry the same carcinogenic
potentid as mutagens inducing changesin the standard set of Salmondllagrains,

2) TA1537, TA97 and TA97adl| contain cytosine runs at the mutation sendtive Ste within
the rdevant target histidine loci and show smilar sengtivity to frameshift mutagens that
induce deletion of bases in these frameshift hotspots. There was consensus agreement
at the International Workshop on Standardisation of Genotoxicity Procedures,
Melbourne, 1993, (Gatehouse et d., 1994) that dl three strains could be used

interchangegbly.

3) Laboratories in Jgpan carrying out genotoxicity tests have much experience in testing
precipitates and have identified examples of substances that are clearly genotoxic only
in the precipitating range of concentrations. These compounds include polymers and
mixtures of compounds, some polycyclic hydrocarbons, some phenylene diamines,
heptachlor etc.. Collaborative studies with some of these compounds have shown that
they may be detectable in the soluble range, however it does seem clear that genotoxic
activity increases wdl into the insoluble range. A discussion of these factorsis givenin
the report of the in vitro sub group of the Internationa Workshop on Standardisation
of Genotoxicity Procedures, Melbourne, 1993 (Kirkland, 1994).

4) Tegting compounds in the precipitating range is problematical with repect to defining
the exposure periods for assays where the cells grow in suspension. After the defined
exposure period, the cells are normally pelleted by centrifugation and are then
resuspended in fresh medium without the test compound. If a precipitate is present, the
compound will be carried through to the later stages of the assay making control of
exposure impossible. If such cells are used e.g. human periphera lymphocytes or
mouse lymphoma cells, it is reasonable to use the lowest precipitating concentration as
the highest tested.
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5)

6)

7)

8)

As the mechanisms of micronucleus formation are related to those inducing
chromosoma aberrations (e.g. Hayashi et d., 1984 and 1994; Hayashi, 1994), both
micronuclel and chromosomal aberrations can be accepted as assay systems to screen
for clastogenicity induced by test compounds. Comparisons of data where both the
mouse micronucleus test and rat bone marrow metgphase analysis have been carried
out on the same compounds have shown impressive correlaion both quditetively i.e.
detecting clastogenicity and quantitatively i.e. determination of the lowest clastogenic
dose. Even closer correlations can be expected where the data are generated in the
same pecies.

Although micronuclel can arise from lagging whole chromasomes following interaction
of acompound with the spindle apparatus, the micronucleus test may not detect all
aneuploidy inducers. Specific aneuploidy assays may become available in the near
future. One gpproach is the evolving rapid and sengtive technique for identifying
individua (rodent) chromosomes in interphase nucle, e.g. viafluorescencein situ
hybridisation (FISH).

The periphera blood micronucleus test in the mouse using acridine orange supravita
ganing, was originaly introduced by Hayashi et d. (1990). The test has been the
subject of amgor collaborative study by the Japanese Collaborative Study Group for
the Micronucleus Test (Mutation Research, 278, 1992, Nos. 2/3). The tests were
carried out in CD-1 mice using 23 test substances of various modes of action.
Periphera blood sampled from the same anima was examined 0, 24, 48 und 72 hours
(or longer) after treetment. As arule one chemicd was studied by two different
laboratories (46 laboratories took part). All chemicals were detected as inducers of
micronuclel. There were quantitative differences between laboratories, but no
quditative differences. Most chemicas gave the greatest response 48 hours after
trestment. Thus the results suggest that the peripherd blood micronucleus assay using
acridine orange supravital staining can generate reproducible and religble data to
evduate the clastogenicity of chemicas. Based on these data, the Internationd
Workshop on Standardisation of Genotoxicity Procedures, Melbourne, 1993
concluded that this assay is equivadent in accuracy to the bone marrow micronucleus
assay (Hayashi et d., 1994). The gpplication of the periphera blood micronucleus
assay to ratsis under vaidation by the Japanese Collaborative Study Group for the
Micronucleus Test.

A detailed collaborative sudy was carried out indicating that in generd male mice were
more sengtive than female mice for micronucleus induction, but where differences were
seen they were only quantitative and not quditative (The Collaborative Study Group for
the Micronucleus Test, 1986). Thisandyss has

10
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been extended by the group considering the micronucleus test at the Internationa
Workshop on Standardisation of Genotoxicity Procedures, Mebourne, 1993 and
having andlysed data on 53 in vivo clastogens (and 48 non-clastogens), the same
conclusons were drawn (Hayashi et d., 1994).

9) Astheinduction of micronuclel and chromosoma aberrations are rdated, it is
reasonable to assume that the same conditions can be applied when usng mae animas
in bone marrow chromosomal aberration assays. The periphera blood micronucleus
test has been vaidated only in male rodents (The Collaborative Study Group for the
Micronucleus Test, 1992) as has the ex vivo UDS test (Kenndly et d., 1993; Madle et
a., 1994).

10)  Both therat and mouse are suitable species for use in the micronucleus test with bone
marrow. However data are accumulating to show that some species specific
carcinogens are species specific genotoxins (e.g. Albanese et ., 1988). When more
data have accumulated there may be a case for carrying out micronucleus tests in both
the rat and the mouse.

11)  Apart from the cytogenetic assaysin bone marrow cells, alarge database for in vivo
assays exigs for the liver unscheduled DNA synthesis (UDS) assay (Madle et d.,
1994). A review of the literature shows that a combination of the liver UDS test and the
bone marrow micronucleus test will detect most genotoxic carcinogens with few fase
positive results (Twests, 1994). False negative results with this combination of assays
have been generated for some unstable genotoxic compounds and certain aromatic
amines which are problematical for most exigting in vivo screens (Tweats, 1994)
Therefore, further in vivo testing should not be restricted to liver UDS tedts as other
assay's may be more appropriate (e.g. 3 post-labeling; DNA strand-breakage assays
etc.), depending on the compound in question. It isimportant to recognize thet for these
in vivo endpoints their relationship to mutation is not precisely known.

12)  Examplesto consder regarding the difference between in vitro and in vivo test results
have been described in the literature. They include: (i) an active metabolite produced in
vitro may not be produced in vivo, (ii) an active metabolite may be rapidly detoxified
in vivo but not in vitro, (iii) rapid and efficient excretion of a compound may occur in
Vvivo, etc. Examples such as these have been described (e.g. Ashby, 1983).
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13)  Thebone marrow isawdl perfused tissue and it can be deduced therefore that levels
of drug-rdated materidsin blood or plasmawill be smilar to those observed in bone
marrow. Thisis borne out by direct comparisons of drug levelsin the two
compartments for alarge series of different pharmaceuticals (Probst, 1994). Although
drug levels are not dways the same, there is sufficient corrdation for measurementsin
blood or plasmato be adequate for validating bone marrow exposure.

14)  There may be specific types of mutagens, e.g. aneuploidy inducers, which act
preferentially during meiotic gametogenesis stages. There is no conclusive experimenta
evidence for the existence of such substances to date.

4. GLOSSARY
aneuploidy: numerica deviation of the moda number of chromasomesin acdl or organism.

base substitution: the substitution of one or more base(s) for another in the nucleotide sequence. This
may lead to an dtered protein.

cdl proliferation: the ability of cdlsto divide and to form daughter cdls.

clastogen: an agent that produces structural changes of chromosomes, usudly detectable by light
MiCroscopy.

cloning efficiency: the efficiency of angle cdllsto form clones. Usudly measured after seeding low
numbers of cdlsin a suitable environment.

cultur e confluency: aquantification of the cdl density in a culture (cdll proliferation is usud, inhibited
a high degrees of confluency).

frameshift mutation: a mutation (change in the genetic code) in which one base or two adjacent bases
are added (inserted) or deleted to the nucleotide sequence of agene. This may lead to an dtered or
truncated protein.

gene mutation: adetectable permanent change within asingle gene or its regulaing sequences. The
changes may be point mutations, insertions, deletions.

genetic endpoint: the precise type or type class of genetic change investigated (e.g. gene mutations,
chromosomd aberrations. DNA-repair, DNA-adduct formation, etc.)
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genetic toxicity, genotoxicity: abroad term that refers to any deleterious change in the genetic
materia regardless of the mechanism by which the change is induced.

micronucleus. paticlein acdl that contains microscopicaly detectable nuclear DNA; it might contain
awhole chromosome(s) or a broken centric or acentric part(s) of chromosome(s). The size of a
micronucleusis usudly defined as being less than 1/5 but more than 1/20 of the main nucleus.

mitotic index: percentage of cellsin the different ages of mitoss amongst the cdls not in mitosis
(interphase) in a preparation (dide).

plasmid: genetic dement additiona to the normd bacteria genome. A plasmid might be inserted into
the host chromaosome or form an extra chromosoma eement.

point mutations: changes in the genetic code, usudly confined to asingle DNA base pair.

polychromatic erythrocyte: an immature erythrocyte in an intermediate stage of development that il
contains ribosomes and, as such, can be distinguished from mature normochrometic erythrocytes
(lacking ribosomes) by stains sdlective for ribosomes.

survival (in the context of mutagenicity testing): proportion of cellsin aliving sage among dead
cdls, usudly determined by staining and colony counting methods after a certain treatment interval.

unscheduled DNA synthesis (UDS): DNA synthess that occurs a some stage in the cell cycle other
than S-phase in response to DNA damage. It is usudly associated with DNA excision repair.
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