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4. Non-reproducible or marginal results of low
concern

Occasionally, an increase in the measured genotoxi-
city parameter is seen that is considered significant by
widely accepted criteria, such as a statistically significant
increase over a negative control, or a value greater than
a given fold change, e.g., 2- or 3-fold, but the increase is
weak or marginal. Subsequent repeats of the assay may
fail to reproduce the increase. Other information, such as
from other assays with a similar endpoint, or metabolism
studies indicating no potentially reactive metabolite,
may suggest that the singular marginal response is not a
significant concern. Case Study | (Appendix A) presents
such an example, where an initial statistically signifi-
cant increase in the number of human lymphocytes with
chromosome aberrations with values slightly outside the
historical control range was not reproduced, and there-
fore was judged not to be a significant concern. The
Working Group agreed that in such cases, the marginal,
non-reproducible increase would be considered of no
further concern for genotoxicity, and no testing beyond
the standard battery of assays for that type of substance
would be required. Case Study 2 (Appendix B) presents
another case where there was a significant increase in
the number of cells with chromosome aberrations just
outside the historical control range. The Working Group
concluded that it would be of low concern for human
safety if repeat testing verified a weak borderline effect
or showed a negative result.

There are also instances when an assay produces
marginal or weak increases in response to chemical expo-
sure, and these results are reproducible. Alternatively
the chemical may produce a combination of weak and
negative responses. There are several considerations that
can help resolve whether these weak or equivocal results
require follow-up testing. GLP study protocols gener-
ally specify in some detail conditions under which a
study will be classified as positive, negative, or equiv-
ocal. While most protocols give some latitude to the
professional judgment of the study director, evaluation
criteria are often fairly rigid. For example, for cytogenet-
ics studies, the criteria from one representative contract
laboratory are:

“The test article will be considered to induce a positive
response when the percentage of cells with aberra-
tions is increased in a dose-responsive manner with
one or more concentrations being statistically signifi-
cant and clearly outside the historical solvent control
data (p <0.05). However, values that are statistically
significant but do not exceed the range of historical

Table 1
Example of a statistically but not biologically significant chromosomal
aberration result due to low control values

Test article Mean (%) mitotic index Mean (%)
concentration abnormal cells®
0 10 0.5

10 pg/mL 9 1

20 pg/mL 6 2

30 pg/mL 5 55"

Positive control 6 12

Negative historical control range 0-5%.

* Mean of two cell cultures: cells with structural chromosome aber-
rations excluding gaps.

" p<0.05.

negative or solvent controls may be judged as not
biologically significant.”

These criteria can lead to situations where, if one has
a low value for the concomitant vehicle control, and the
values for the low and mid doses of the test article appear
to be dose-responsive but are well within the historical
range for the vehicle control, the high dose becomes sta-
tistically different from the control but just outside the
range of historical control value. An example of such
data is given in Table 1.

The Working Group agreed that in case of non-
reproducible or marginal results, it is advisable to
develop a weight of evidence approach, considering the
following points:

e The dose-response relationship needs to be examined
— less concern is raised if the marginal response is
not part of an increasing dose-response (i.e., it is not
dose-related).

e [f the marginal increase is seen at high cytotoxicity
(e.g., approaching 50% or greater cytotoxicity in a
cytogenetics assay, or >80% in the mouse lymphoma
assay) but no increase is seen at lower, more moderate,
toxicity, then there is less concern.

e Comparison of the magnitude of the marginal increase
to historical negative control observations can help
assess the probability that the result occurred by
chance. Marginal responses within the historical neg-
ative control range (particularly at high concentrations
and/or high toxicity) are of less concern. The Working
Group agreed that more weight should be given to the
historical data, and that better definition of how to use
historical control data was needed. Preliminary com-
ments on the use of historical control data are included
in Appendix E. However, there is a need for further
discussions in the future. Alternative approaches, such
as selecting the 95 or 99% upper confidence interval
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to define the range, or use of data distribution includ-
ing median values, instead of the absolute upper limit,
may be more appropriate. Also, it should be discussed
whether observations in individual cultures rather than
group means are sometimes more appropriate.

e Corroborating data can be sought from other exper-
iments. Failure to confirm the marginal increase
between replicates or experiments of the same assay or
between different assays examining similar endpoints
indicates a lower concern.

e Structure activity data can be useful. If no structural
alerts are found for the chemical and if there is some
evidence that the test compound is nota DNA damag-
ing agent (e.g., Ames test negative), then the marginal
increases becomes of less concern.

Weight of evidence approaches have previously been
described by Brusick et al. [43,44].

Considering the points listed above, the development
of such weight of evidence arguments can lead to a con-
clusion that, for a marginal or equivocal response, there is
a low or no level of concern, and no further testing is nec-
essary,except possibly a repeat experiment using similar
experimental conditions to check the reproducibility.

5. Follow-up strategy for a clear positive assay
result

In some cases a clear and reproducible positive in vitro
result is seen, yet the other assays in the initial battery,
including any required in vivo test, are negative. The in
vitro result is not automatically overruled by the negative
in vivo result, and some follow-up testing or investiga-
tion is generally necessary to determine the relevance of
the in vitro positive result. For example, the ICH scheme
[6,7] suggests follow-up testing with a second in vivo test
in addition to the in vive cytogenetics test in the initial
regulatory battery. It might be assumed that the concern
about the positive in vitro result lessens as the number
and types of negative in vivo assay results increase. How-
ever, this assumption may not be valid since the in vivo
assays may have different sensitivities and /or evaluate
different genotoxic endpoints. It is important that rele-
vant endpoints are examined in the most relevant tissues
in vivo.

To understand the basis for a positive in vitro result in
the absence of a corresponding in vive result, follow-
up testing may require only a few additional studies
(or tests), or more extensive research. Regardless of
the question(s), the testing should be based on the
full knowledge of the chemical, its physico-chemical
and toxicological properties, and anticipated human

exposure scenarios. An understanding of the type(s)
of genotoxic insult(s) induced and the nature of the
response(s), with any indications of possible mecha-
nism, is crucial. Aspects, such as formation of DNA
adducts or strand breaks, involvement of reactive oxygen
or nitrogen species, nucleotide pool imbalance, inhibi-
tion of DNA synthesis or topoisomerases, and disruption
of mitotic spindle need to be considered in order to iden-
tify rational testing approaches to pursue. Because each
situation is likely to be different, follow-up testing is not
amenable to a “‘one size fits all” approach, and flexibility
is important to determine the most appropriate follow-up
strategy to pursue.

A mode of action approach is used to determine
whether a chemical that has intrinsic genotoxic prop-
erties might lead to an adverse effect, such as cancer
[24]. The mode of action approach takes into account all
available genotoxicity information and, in combination
with other available information (e.g., structure activity
data, pharmacokinetics, ADME (absorption, distribu-
tion, metabolism and excretion) data, other biological
responses, etc.) helps characterize whether a chemical
is likely or not to pose a risk for exposed humans. The
mode of action approach allows a full examination of
whether the singular positive assay result should warrant
a concern for human risk or not.

Case Studies 3 (Appendix C) and 4 (Appendix D)
exemplify the weight of evidence and mode of action
approaches in case of clear positive results. Case Study 4
is an example of a potential aneugen which, as discussed
in several publications in recent years [33,34,37.38],
might be considered to act via an indirect mechanism
with a non-linear dose-response relationship suggesting
a threshold.

Further discussion and recommendations on follow-
up testing in the case of clearly positive results are given
below.

The workshop discussion and case studies presented
in the appendices led to the development of a frame-
work for follow-up testing (displayed in Fig. 1). As
discussed above, criteria for determining when follow-up
testing beyond the initial battery is needed were agreed
upon. When follow-up testing is needed, it should be
based on all available information on chemical structure
and mode of action, and also information leamed from
the nature of the response observed in the initial tests
and anticipated human exposure patterns. The nature
of these results (endpoint, magnitude, association with
toxicity, efc.), and available information about the bio-
chemical and pharmacological nature of the agent, are
generally sufficient to conclude that the results observed
are consistent with certain mechanisms and inconsistent
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Fig. 1. Framework for interpretation of standard battery and follow-up test results. SAR = structure activity relationship, WOE = weight of evidence,

LOC =level of concem.

with others. For example, it may be possible to deter-
mine whether such factors as DNA adducts or DNA
strand breaks, involvement of reactive oxygen or nitro-
genspecies, nucleotide pool imbalance and/or nucleotide
mis-incorporation, interference with cell cycle kinet-
ics, inhibition of DNA synthesis or topoisomerases, or
mitotic spindle disruption are likely to be involved in the
mode of action.

The different tests in the battery are selected
because they measure different genotoxic effects and
different genotoxic mechanisms of action, thereby
providing important mechanistic information. For exam-
ple, generation of chromosomal aberrations involves
strand breakage and rejoining, reversion of the Ames’
Salmonella tester strains containing specific base substi-
tutions requires base mutations that may arise from DNA
alkylation or mis-repair of bulky adducts, and reversion
of the Ames’ strains containing frameshift mutations
requires induction of a second frameshift that is charac-
teristic of intercalating agents and other classes, but not
small molecular weight alkylating agents. These types
of information should be used to guide the interpreta-
tion of the results and the selection of follow-up tests. In
vivo endpoints should be chosen to reflect the types and
the mechanisms of damage found in the initial screening
battery.

It is recognized that some genotoxic agents act
through disruption of cellular biochemistry that occurs
only above certain treatment levels (for example, see
(40]). They therefore exhibit a dose-response that is
expected to be non-linear, and exhibit a threshold below
which there will not be a concern. Examples of such
agents include those that induce nucleotide pool imbal-
ances (without incorporation of a nucleotide that can
cause mis-pairing or strand termination at concentrations
relevant to use), mitotic spindle disruption, inhibition
of DNA synthesis, topoisomerase inhibition, etc. These
agents are often referred to as “indirect gentoxins”
or “non-DNA-reactive gentoxins”, in contrast to those
thought to act by primary reactivity with DNA. It is
generally accepted that those indirect mechanisms or
modes of action lead to non-linear response curves,
sometimes reported as threshold effect. The Working
Group recognized that when an agent can be demon-
strated to act though such an “indirect” mechanism, and
a dose can be established below which the effect is
not observed or deemed not a concern, then appropri-
ate margins of safety for exposure below that dose can
be established. This means that human exposures suffi-
ciently below exposures associated with the no observed
effect dose should not present a significant genotoxic
risk. These issues have been discussed in a special
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issue of Mutation Research edited by Parry and Sarrif
[45].

It will be easier to build weight of evidence or mode
of action arguments when the positive result is found in
a test with low specificity (i.e., tests frequently positive
but not confirmed in the in vivo studies), such as the in
vitro chromosomal aberration test or mouse lymphoma
assay. Agents that are positive in multiple tests with dif-
ferent endpoints, especially if they are positive in vivo,
impart the highest level of concern and would require
extensive investigations to develop a sufficient weight
of evidence to establish conditions under which human
exposure might be permissible.

Although these general considerations were dis-
cussed, and it was agreed that they should be the basis
of selection of appropriate tests, time did not permit
development of more detailed recommendations, such
as identification of specific tests to follow-up on spe-
cific outcomes in standard batteries. It was agreed that
consensus recommendations about specific test options
would be useful, and it was suggested that the Working
Group should meet again in the near future to develop
such recommendations.

Considerations when choosing an in vivo assay as
a follow-up test to an initial finding include choice of
the appropriate tissue(s) in which evaluations should
be performed. This depends on anticipated route(s) of
exposure, tissue distribution (often known from other
toxicology or pharmacokinetic studies), and metabolic
degradation and/or activation in various tissues as well
as target organ in long-term toxicity studies. It was noted
that such considerations might dictate the use of non-
standard studies (i.e., not in the regulatory initial battery
or standard follow-up studies but sufficiently validated)
and that in those cases the use of non-standard studies
would be preferable to a standard in vivo assay in which
the endpoint or target tissue is not relevant. It was fur-
ther noted that when metabolic modification of an effect
is observed to occur, consideration should be given to
human metabolism in relation to the laboratory mod-
els being considered. Likewise, the relationship between
exposure-response information in laboratory models to
blood and tissue levels from human exposures is impor-
tant, and it is desirable to determine this relationship
whenever possible.

6. Conclusions

A summary of the discussion and principal conclu-
sions reached by the Working Group is as follows:

The Working Group agreed to limit the focus of the
meeting to somatic cell risk in humans, with emphasis

on carcinogenic risk, although the group recognized the
importance of potential health risks from both somatic
and germ cell mutations.

The Working Group agreed not to discuss the
improvement of the standard batteries, but to focus on
interpretation and appropriate follow-up testing for the
tests currently in use in the standard battery. The Work-
ing Group noted that genetic toxicity test batteries vary
among regulatory agencies and specific situations, but
generally include a bacterial test for gene mutations and
a mammalian cell test sensitive to chromosomal damage
(most commonly a mammalian cell test for chromosomal
aberrations and/or the mouse lymphoma tk*'~ mutation
assay), and, depending on the products and their use,
an in vivo test in rodent bone marrow for chromosome
damage.

When the initial test battery is clearly negative, there
is generally no need for further testing unless there
is (a) evidence that metabolites that differ from those
generated in the assays may be present in the human,
(b) structural alerts suggest possible activity that would
not have been detected in the battery employed, or (c)
evidence from the literature, previous experience, or sub-
sequent test results suggests possible activity that would
not have been identified in the battery. In these cases,
follow-up testing may be indicated, and appropriate tests
should be selected on the basis of the information that
raised the concern.

When a non-reproducible or marginal in vitro posi-
tive result is obtained, and results from other assays with
a similar endpoint are negative, the weight of evidence
should be considered to determine if further testing is
necessary or whether, based on the available data, the evi-
dence suggests a low level of potential risk that does not
require further testing. Factors that may suggest lower
concern include: (a) weak effects without a strong dose
relationship and values within or close to a range that
could occur by chance variability (negative control his-
torical data), (b) effects that occur only at very high levels
of cytotoxicity, but not at moderate levels, in the chromo-
somal aberration or mouse lymphoma tht'— assays (e.g.,
approaching 50% or greater cytotoxicity in the chromo-
some aberration test, or >80% in the mouse lymphoma
assay), (c)results that are not consistently repeatable, and
(d) the absence of structural alerts or any other cause of
concern. In most cases, the result is not of concern and
no testing beyond the standard battery for that type of
substance will be required.

When a clear positive result is obtained in in vitro
test battery, further testing is generally indicated in order
to provide a sufficient body of evidence to determine
the mode of action, relevance to the human expo-
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sure situation, and potential human health risk. Such
testing should be based on the knowledge available
about the nature and/or mode of action of the original
response, e.g., whether the initial result was consistent
with DNA adducts versus strand breaks, involvement
of reactive oxygen or nitrogen species, pool imbalance,
spindle disruption, efc. If the evidence suggests an “indi-
rect” mode of action (not involving direct or proximate
reactivity with the DNA), such as nucleotide pool imbal-
ance, spindle disruption, inhibition of DNA synthesis or
topoisomerases, etc., then tests that provide additional
evidence that supports this hypothesis and that rule out
direct DNA reactivity should be selected. It is often use-
ful to determine if a positive result, found only under a
specific condition in one test, is confirmed in further test-
ing in other assays evaluating the same endpoint (e.g.,
chromosome aberration test versus mouse lymphoma
assay).

When choosing an in vivo assay for follow-up test-
ing, an endpoint appropriate to the nature of the original
response observed should be selected, and in addition,
due consideration should be given to the route of human
exposure, the expected tissues and times of highest
exposure (i.e., pharmacokinetic considerations), and the
potential for metabolic activation and deactivation in
various tissues. Although regulatory guidelines often
mention in vivo assays that may possibly be employed
for follow-up testing, non-standard studies supported
by peer-reviewed published literature may, when justi-
fied, be more appropriate and informative than standard
assays. The Working Group acknowledged that there are
cases where mechanistic studies can be considered suffi-
cient to support the indirect mode of action, and therefore
additional in vivo data may not be necessary.

When addressing the relevance of findings to human
health risks, the total weight of evidence should be con-
sidered. In addition to the factors noted above, when
modification of an effect by a mammalian metabolizing
system is observed, consideration should be given to the
metabolism of the agent in the human relative to the lab-
oratory model. Whenever possible, exposure-response
information for comparison to blood and tissue levels
from human exposures is desirable.

Remaining issues that were identified during the
workshop, but not addressed due to time limitations,
include the development of recommendations for the
selection of specific assays, particularly in vivo assays,
and the appropriate use of historical control data. It is
anticipated that recommendations on these issues will
be developed at a future meeting of this Working Group.
Similarly, the evaluation of structural alerts was iden-
tified as a useful component of the weight of evidence

approach, but not discussed in detail. This topic will have
to be re-visited in the future.

Disclaimer

This manuscript represents the views of the authors
and the contents do not necessarily reflect the views or
policies of the authors’ agencies or institutions. Men-
tion of trade names or commercial products does not
constitute an endorsement or recommendation for use.

Appendix A. Case Study 1: Compound with a
weak non-reproducible increase in chromosome
aberration test

Compound A is an early orally applied drug devel-
opment candidate for a non-life threatening therapeutic
indication and low systemic exposure. There was no
evidence of increased revertant numbers in the Ames
test up to the limit dose level of 5000 wg/plate, using
the plate incorporation method in the presence and
in the absence of metabolic activation on Salmonella
typhimurium TA98, TA100, TA1535, TA1537 and E. coli
WP2 uvrA.

Compound A was tested for clastogenic activity
in human lymphocyte cultures. Chromosome aberra-
tions were evaluated by metaphase analysis after 3h
treatments with and without metabolic activation at con-
centrations ranging from 47.2 to 84.0 wg/mL and 10.6
to 75.0 pg/mL, respectively. In addition, chromosome
aberrations were evaluated after 24 h treatment with-
out metabolic activation at concentrations ranging from
8.30 to 33.3 wg/mL. In all tests, the highest test con-
centration evaluated produced a 48 to 59% reduction of
the mitotic index. There were no significant increases
in the number of cells with chromosome aberrations at
any concentration evaluated in either the 3 or 24 h tests
without metabolic activation. However, Compound A
produced a dose-related, statistically significant increase
in the number of cells with chromosome aberrations in
the initial test with metabolic activation at the two high-
est concentrations (58 and 68.2 pg/mL); only the highest
concentration produced a value outside the range of the
historical data, i.e., 5.5% abnormal cells as compared
to the historical control range of 0—4% (Table 2, Test
1). A confirmatory 3 h test with metabolic activation
using blood of a second donor produced a statistically
significant increase in chromosome damage only at the
highest concentration of 84.0 wg/mL, the observed value
being within the acceptable range of the historical neg-
ative control data, i.e., 3.5 versus 0—4% (Table 2, Test
2). This response was not clearly reproducible between
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Table 2

Lack of reproducibility of a weak increase in structural chromosomal
aberrations in cultured human lymphocytes with Compound A in three
independent tests with metabolic activation

Compound A (pg/mL)  Mean (%) Mean (%) mitotic
abnormal cells” suppression
Test 1
1% DMSO 0.5 0
493 25 29
58.0 4.0 52
68.2 55 49
cpb 29.0° 45
Test 2
1% DMSO 0.5 0
472 1.0 0
63.0 0.5 14
84.0 35 48
Ccp® 243" 31
Test 3
1% DMSO 2.3 0
524 1.5 21
65.5 1.0 36
819 25 56
102.0 2.0 58
128.0 L5 65
CPb 58.0° 59

Negative historical control range 0-4%.

2 Mean of two cell cultures: cells with structural chromosome aber-
rations excluding gaps.

b Cyclophosphamide at 5 pg/mL.

* Statistically significant (one-tailed Fisher's exact test p <0.05).

the replicate cultures and the negative control response
was low (0.5% abnormal cells as compared to the histor-
ical control range of 0—4%). A follow-up 3 h exploratory
cytogenetics study with metabolic activation using blood
of a third donor was performed on a larger number of
concentrations in order to better characterize the cyto-
toxicity profile of Compound A in the lymphocyte test
system. The results of this follow-up test did not repro-
duce the previous results using the same S9 batch but
different blood donors and failed to show an increase
in chromosomal aberrations at concentrations ranging
from 52.4 to 128 pg/mL, which produced a 21 to 65%
reduction in the mitotic index (Table 2, Test 3) and 13
to 70% reduction in cellular ATP levels (not shown).
Based on the overall test results, Compound A was con-
cluded as being equivocal for the induction of structural
chromosome aberrations.

Compound A was tested for the induction of micronu-
clei in male and female rat bone marrow cells in vivo.
Male and female rats were administered the vehicle only
as the negative control, or Compound A at dose levels of
15, 30, and 60 mg/kg in males, and 7.5, 15, and 30 mg/kg
in females by oral gavage once a day for 2 consecu-

tive days. The numbers of micronucleated (MN) PCE in
any of the test groups did not significantly increase. In
conclusion, Compound A did not induce chromosome
damage in the bone marrow cells of male or female
rats when tested up to estimated maximum tolerated
doses of 60 and 30 mg/kg, respectively. The mean max-
imum serum concentrations occurred 3.5 h after dosing,
achieving values of 645 and 620ng/mL in males and
females, respectively, and the mean AUCgy 241 expo-
sures were 8560 and 9030 ng h/mL, respectively. The
serum concentration in this study was expected to exceed
the pharmacologically active concentration by approxi-
mately 60-fold.

The Working Group considered that the original
increase in the number of human lymphocytes with
chromosome aberrations was weak, and was not clearly
reproducible in follow-up testing. Based on the overall
profile of this compound in the standard genetic toxi-
cology test battery, the Working Group concluded that
the genotoxicity findings of Compound A were of low
concern for human safety and did not require further
follow-up testing.

Appendix B. Case Study 2: Compound with
marginal increase in the number of cells with
chromosome aberrations at a cytotoxic
concentration

Compound B is an early drug candidate in a chronic
use indication with inhaled drug application and low sys-
temic exposure. It tested negative in the Ames assay up
to levels of compound insolubility and the gene muta-
tion test in CHO cells at hprt locus up to cytotoxic
concentrations. Compound B did not induce chromo-
somal aberrations in cultured human lymphocytes when
tested in a 24 h exposure without metabolic activation,
or a 3h exposure with metabolic activation (Table 3).
However, when it was tested in a 3 h exposure without
metabolic activation, a single concentration that induced
58% mitotic suppression produced a statistically signif-
icant increase in chromosomal aberrations just outside
of the historical control range (5% of cells with chro-
mosome aberrations versus 0—4% acceptable range for
negative control data). Compound B was also tested in
a mouse bone marrow micronucleus assay up to a maxi-
mally tolerated dose and did not lead to an increase in the
incidence of MN PCE in the bone marrow. Toxicity was
seen in the bone marrow indicating compound reached
this tissue.

Based on the initial results from the 3 h exposure, the
Working Group came to the consensus that the response
was of low concern to human safety since it occurred
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Table 3

Weak increase in structural chromosomal aberrations in cultured human lymphocytes at cytotoxic concentrations of Compound B
3 h direct 24 h direct 3h+89

Compound B Mean (%) Mean (%) Mean (%) Mean (%) Mean (%) Mean (%)

(ug/mL) abnormal mitotic abnormal mitotic abnormal mitotic
cells® suppression cells? suppression cells” suppression

0.1% DMSO 0 0 2 0 1 0

25 - = 1 15 = =

28 = - - - 0 20

32 - - 3 30 - -

35 - - - - 1.5 32

41 - - 2 55 - -

A - - - - 1 54

101 0.5 8 - - - -

120 0 28 - - -

144 5 58 - - - -

Negative historical control range 0-4% in 3 h direct test.

* Mean of two cell cultures: cells with structural chromosome aberrations excluding gaps.

" Statistically significant (one-tailed Fisher's exact test p <0.05).

only at a high concentration that produced more than
50% cytotoxicity in human lymphocytes. Importantly,
a concentration that produced 28% mitotic suppression
did not generate a significant induction of aberrations.
In addition, the increase was just outside the historical
control range, and the compound did not produce chro-
mosomal aberrations in the corresponding 24 hexposure.
The Working Group suggested that a repeat of the pos-
itive arm of the test, to evaluate reproducibility, might
contribute further to the assessment of Compound B.
Taking into account the steep cytotoxicity dose-response
curve, a new test should, if possible, include a concentra-
tion producing between 28 and 58% reduction in mitotic
index.

If a similar pattern of results, or negative results, are
obtained in the repeat test, the Working Group would
consider that no further testing would be needed, and
would conclude the response to be of low concern for
human safety.

Appendix C. Case Study 3: Development of
weight of evidence approach with a clearly
positive result in cytogenetics assays

Compound C is a topically applied early drug devel-
opment candidate intended for short term treatment of
dermal scarring. It produced high local concentrations
at the target site in the skin but was rapidly cleared sys-
temically and showed only very low systemic exposure.
There was no evidence of increased revertant numbers in
the Ames test up to the limit dose level of 5000 pg/plate,
using the plate incorporation method in the presence and
in the absence of metabolic activation on Salmonella

typhimurium TA98, TA100, TA1535, TA1537 and E. coli
WP2 uvrA.

Compound C was tested for clastogenic activity in
human lymphocyte cultures (Table 4). Chromosome
damage was evaluated by metaphase analysis after 3h
with and without metabolic activation at concentrations
ranging from 154 to 240 p.g/mL and 33.4 10 52.2 pg/mL,
respectively. In addition, chromosome damage was
evaluated after 24h without metabolic activation at
concentrations ranging from 6.30 to 9.84 wg/mL. In
all the tests, the highest concentrations produced a 52
to 57% reduction of the mitotic index. Compound C
did not induce a significant increase in the number of
abnormal cells at any concentration evaluated when
treated in the presence of metabolic activation. In the
absence of metabolic activation, Compound C produced
concentration-related statistically significant increases
in aberrant cells over a range of concentrations, which
spanned both cytotoxic and non-cytotoxic test condi-
tions in both 3 and 24 h exposures, producing 6.5 and
7.5% abnormal cells at 3 and 24 h, respectively.

Compound C was tested for the induction of micronu-
clei in Chinese hamster ovary (CHO-WBL) cells
(Table 5). A slight increase (1.7- to 2.3-fold above
mean background) was observed in the 24 h test without
metabolic activation, whereas more substantial increases
of 2.3- to 4.9-fold were observed in the test with acti-
vation. An additional 3h test without activation was
performed in response to the slight increase observed in
the 24 h test and a significant increase (3.1-fold above
mean background) was observed in cultures treated
with concentrations of 68.5 and 107 pg/mL. Kineto-
chore analysis was performed to assess whether the
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Table 4

Induction of structural chromosomal aberrations in cultured human lymphocytes by Compound C
3 h direct 24 h direct 3h+S9

Compound C Mean (%) Mean (%) Mean (%) Mean (%) Mean (%) Mean (%)

(pg/mL) abnormal mitotic abnormal mitotic abnormal mitotic
cells® suppression cells® suppression cells® suppression

0.1% DMSO L5 0 05 0 1 0

6.3 - - 2 8 - -

79 - - 55° 20 = =

9.8 - = 75° 52 - -

12.3 - - - - - -

334 55 23 - - - -

418 6.0 41 - - - -

522 6.5 56 - ~ - -

154 - - - - 1 16

192 - - - - 0.5 34

240 - - - - 3 57

Negative historical control range 0-4% in 3 h direct test.

* Mean of two cell cultures: cells with structural chromosome aberrations excluding gaps.

* Statistically significant (one-tailed Fisher’s exact test p <0.05).

observed increases were the result of structural (clas-
togenic) or numerical (aneugenic) chromosomal events
(Table 6). Over 140 micronuclei induced by a 3 h treat-
ment with metabolic activation at soluble concentrations
ranging from 107 to 168 wg/mL were evaluated using
anti-kinetochore antibody staining technique. A 3- to
5-fold increase in micronucleated cells above DMSO-
treated controls was again observed and these cells were
predominately kinetochore negative indicating a clasto-
genic response.

Induction of micronuclei in vive in rat bone mar-
row PCE was evaluated after continuous intravenous
(1V) infusion at a rate of 2 mL/kg/h for approximately

Table 5

Induction of micronuclei by Compound C in Chinese hamster ovary cells

24h up to a maximum feasible dose of 655 mg/kg.
Approximately 24 and 48 h following completion of the
infusion, bone marrow was extracted and assessed for
the induction of MN PCE. There was no bone mar-
row cytotoxicity and no statistically significant increases
in MN PCE at any dose level or harvest time (data
not shown). Mean plasma concentrations of Compound
C measured after approximately 24 h of infusion were
2.93 and 3.20 pg/mL in males and females, respectively.
Altempts to assess target (bone marrow and liver) tis-
sue exposure to Compound C resulted in concentrations
below assay detection limits, possibly attributed to tis-
sue metabolism and rapid clearance. Plasma exposures

24 h test without metabolic activation

3 h test without metabolic activation

3 h test with metabolic activation

Compound Cytotoxicity % MN cells®  Compound Cytotoxicity % MN cells®  Compound Cytotoxicity % MN
C (pg/mL) C (pg/mL) C (pg/mL) cells”
0 0 1 0 0 1.2 0 0 0.8

1.8 17.5 L7 68.5 336 AT 134 0 5

35 25.2 1.7 107 452 3 168 39.7 1.9
7.0 459 2.3 168 67.3 1.2 210 245 39
14.0 81.1 INS 210 76.3 INS 262 T i
POS* 154 9.6 POS! 433 217 POS* 0 50

INS: insufficient number of cells for evaluation. T: toxic, less than 20% cells when compared to negative control
* Cytotoxicity = 100 — 100 x {(CBPI; — 1/CBPI¢ — 1)}, with CBPI = (no. of mononucleated cells + 2 x no. of binucleated cells + 3 x no. of mult-

inucleated cells)/total number of cells.

b Percent micronucleated cells; evaluating a minimum of 1000 binucleated cells.

¢ Positive control mitomycin C at 0.05 pg/mL.

4 Positive control mitomycin C at 0.4 pg/mL.

¢ Positive control cyclophosphamide at 10 pg/mL.

* Statistically significant (one-tailed Fisher's exact test p <0.05).
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Table 6

Classification of micronuclei induced by Compound C in Chinese hamster ovary cells using kinetochore staining

Compound C (pg/mlL) Cytotoxicity” % MNP K- MN® K+ MN? Proportion K+ MN*
0 0 1.6 13 0.3 19

107 16.8 36 347 0.2 6

134 314 6.6 6.0° 0.6 9

168 42.1 6.2" Lk 0.9 14

* Cytotoxicity =100 — 100 x {(CBPIy — I/CBPI¢ — 1)}, with CBPI =(no. of mononucleated cells + 2 x no. of binucleated cells + 3 x no. of mult-

inucleated cells)/total number of cells.
b Frequency of micronuclei per 100 cells.

¢ Frequency of kinetochore negative micronuclei per 100 cells indicating a chromosomal breakage.
4 Frequency of kinetochore positive micronuclei per 100 cells indicating chromosomal loss.

¢ Percent kinetochore positive micronuclei among total micronuclei.
“ Statistically significant (one-tailed Fisher's exact test p<0.05).

in the rat during the in vivo assay were slightly (2-4-
fold) higher than skin concentrations of Compound C
from human biopsy specimens of 2 of 6 subjects follow-
ing 12 h topical application to the intact skin of healthy
volunteers.

Compound C was also tested for gene mutational
activity in the hprt gene mutation test in CHO cells. The
test in the absence of metabolic activation was conducted
over a concentration range from 5 to 80 pg/mL, and the
test conducted in the presence of metabolic activation
spanned concentrations ranging from 75 to 250 pg/mL.
Compound C did not induce a mutagenic response up
to concentrations that produced significant cytotoxicity
(data not shown).

There was no evidence that Compound C induced
unscheduled DNA synthesis (UDS) in male rats at dose
levels of 54.6 and 437 mg/kg at the 2 or 16 h time points,
respectively (data not shown). Compound C was there-
fore evaluated as inactive in the in vivo/in vitro assay for
unscheduled DNA synthesis in rat primary hepatocyte
cultures at two time points when administered by contin-
uous IV infusion up to the maximum feasible dose based
on compound solubility. Mean plasma concentrations
of Compound C measured in the in vivo/in vitro UDS
assay after 2 and 16 h of continuous drug infusion were
0.99 and 4.29 pg/mL, respectively. Thus, slightly higher
plasma levels were achieved than in the bone marrow
micronucleus test, and therefore a slightly greater mar-
gin, when compared with human skin concentrations,
was achieved.

Radiolabeled '#C-Compound C was incubated with
calf thymus DNA (Img/mL) in triplicate at 75, 150,
and 300 pg/mL for 4h at 37 £2°C (with and without
metabolic activation). After the incubation, DNA was
purified by treatment with RNase A, T1, and proteinase
K followed by organic extraction and precipitation. Fifty
microgram DNA from each sample was counted in a

liquid scintillation counter. Results showed that '*C-
radioactivity counts obtained from the test article-treated
DNA were not significantly higher than the background
level counts obtained from untreated DNA. The pos-
itive control '*C-benzo[a] pyrene-treated DNA with
metabolic activation showed significantly higher He.
radioactivity, most likely resulting from binding of a BaP
metabolite. It is concluded that, results obtained under
these experimental conditions did not show evidence for
tight association or binding of '*C-Compound C.
Compound C was tested for the induction of micronu-
clei in rat skin keratinocytes (Table 7). Male and
female rats were administered Compound C (2, 4, or
8 mg/animal/day) by topical application once a day for
4 consecutive days to intact skin clipped free of fur.
The topical route of administration and dose levels used
were selected to reflect the intended route of clini-
cal administration and drug exposures in humans. The
day following the last dose, keratinocytes were isolated
from the excised skin, dropped onto glass slides, stained
with acridine orange and evaluated for the presence
of micronuclei. There were no significant increases in

Table 7
Induction of micronuclei in dermal keratinocytes following topical
application with Compound C

Compound C % Micronucleated keratinocytes
/animal/day)’
e Males Females
o 0.03 £ 0.04 0.06 £ 0.05
2 0.04 £ 0.05 0.02 £ 0.03
4 005£0 0.02 £ 0.03
8 0.05 + 0.08 0.02 £+ 0.03
cpe 4.19 £ 2.95 4.83 £ 2.13

* mg/20 cm? for 3 consecutive days.
" Ethanol, glycerol and water (70:5:25; v/viv).
¢ 12 mg/animal/day cyclophosphamide for 4 consecutive days.
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the numbers of MN keratinocytes with either sex. Con-
centrations of Compound C in the target tissue after 3
consecutive days of dosing at 8 mg/animal/day ranged
from 72 to 175 pg/g of skin. This exceeded intended
human skin concentrations by more than 20-fold.

The Working Group concluded that the initial
response in the cytogenetics test and micronucleus assay
when examined in isolation warranted further follow-up
testing to assess the mechanism and relevance to humans
exposed to the drug by dermal application. Follow-up
testing yielded negative results in the in vivo micronu-
cleus assay in rats, the rat liver in vivo/in vitro UDS
test, and the hprt gene mutation test in CHO cells. This
data set was considered by some members of the Work-
ing Group to be insufficient to address the concerns for
Compound C. The reasons were as follows:

e The rat bone marrow micronucleus study using IV
dosing produced systemic exposures that were only
slightly above the human skin concentrations.

e The in vivolin vitro UDS and hprt gene mutation test
in CHO cells were considered to be of limited value,
since they were both likely to be insensitive to com-
pounds inducing DNA strand breakage, as clastogens
would be expected to do.

The other additional studies were considered use-
ful. The lack of DNA binding with calf thymus DNA
was considered important additional information but
the argument could have been strengthened by con-
ducting the binding experiment in human lymphocyte
cultures. Finally, the Working Group considered the der-
mal micronucleus assay as being the crucial study to
address the concern for human safety since it addresses
the relatively high concentration at the site of first con-
tact and achieved safety multiples over intended human
exposure.

Based on the overall weight of evidence, and in partic-
ular the DNA binding and dermal micronucleus results,
the Working Group considered Compound C to be of
low concern for human safety and that no further genetic
toxicology testing is needed in addition to the presented
package.

Appendix D. Case Study 4: Mode of action
approach: a substance that does not directly
react with DNA, such as a spindle poison

Compound D is intended for long-term treatment of
severe autoimmune conditions, such as multiple sclero-
sis. In clinical trials, plasma Cmay was 1.65 pg/mL and
plasma AUC was 37.1 pg /mL. The drug is extensively

protein bound in vivo giving only 2.5% free drug in rats
and 1.5% in humans. Approximately 60% is unbound in
cell cultures.

There was no evidence of increased revertant num-
bers up to the limit dose level of 5000 pg/plate, when the
Ames test was conducted on Salmonella strains TA98,
TA100, TA1535, and TA1537 plus E. coli WP2 uvrA,
using both plate incorporation and preincubation meth-
ods in the presence of S9, and plate incorporation in the
absence of S9.

In the mouse lymphoma assay (MLA), cells were
treated for 3h in the absence and presence of S9 at
concentrations up to 10mM (3569 pg/mL). In the pres-
ence of S9 the treatments were very toxic, but there
were no increases in mutant frequency at concentrations
producing reductions in relative total growth (RTG) to
<10%. In the absence of §9, at the limit concentration
(10 mM, 3569 p.g/mL), only 60% reduction in RTG was
seen. The 24 h treatments (two separate experiments)
in the absence of S9 had some concentrations where
the mutant frequency increased above control by more
than the global evaluation factor [39] of 126 x 107°
for the microwell method. However, this was only
at the 250 pg/mL concentrations in both experiments
where relative survival (RS) was reduced to 9.88 and
8.97%, respectively (see Fig. 2a and b). Relative total
growth (RTG), which is currently the recommended
measure of toxicity in the MLA, did not reduce as
much as RS, and was, respectively, 0.27 and 0.20 at
this 250 wg/mL concentration in the two 24 h experi-
ments in the absence of §9. The result could therefore be
considered as borderline in that these responses would
be excluded from consideration if judged by RS but
not by RTG. At the time the study was done, both RS
and RTG were considered acceptable for judgment of
toxicity. No clear information on the type of damage
caused at these borderline positive concentrations could
be gleaned from colony sizing as frequencies of both
large and small colony mutants increased. In light of the
data obtained subsequently it might be argued that this
unusual response in the MLA may reflect an aneugenic
mode of action.

For the in vivo micronucleus (MN) test, rats were
dosed orally on 2 consecutive days and bone marrow
sampled 24 h after the second dose. Statistically signif-
icant increases in MN frequency to 3-fold concurrent
control levels and slightly above the historical control
range were found at the 180 and 360 mg/kg/day (Fig. 3).
Although the response was relatively weak, the study
was concluded as positive.

To investigate this in vivo finding, MN tests were con-
ducted in vitroboth in V79 cells and human lymphocytes.
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Fig. 2. Mouse lymphoma results with Compound D following 24 h
treatments in the absence of 89 ((a) first independent experiment
and (b) second independent experiment). MF=mutant frequency.
RTG =relative total growth. RS =relative survival.

In both cases, substantial and statistically significant
increases in MN frequency were seen after the 24 h treat-
ments (but not after short treatments) in the absence
of S9. The positive effects were seen at low levels of
toxicity (Figs. 4 and 5). The MN in the human lympho-
cyte preparations were probed with a pan-centromeric
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1.81 Max group mean
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Fig. 3. Results of rat bone marrow micronucleus (MN) test with Com-
pound D. Rats were dosed orally 2x daily and bone marrow sampled
24 h after the second dose. Data are accumulated from two separate
experiments. Two thousand polychromatic erythrocytes (PCE) were
scored per animal.
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Fig. 4. Micronucleus (MN) data in V79 cells treated with Compound
D.

DNA probe, using a fluorescent in situ hybridization
method. 77% of the MN in the drug-treated cultures
were centromere-positive, which is comparable to the
70% value observed with carbendazim tested as the pos-
itive control aneugen, and much higher than the 7%
centromere-positive MN seen with the clastogenic pos-
itive control, cyclophosphamide (Table 8). There were
too few MN from solvent controls to be probed for pres-
ence or absence of centromeres, but the historical control
range for centromere-positive MN in human lympho-
cytes in the testing facility was 9-14.5%.

The pattern of results observed with this drug, (i.e.,
borderline 24 h MLA positive responses in the absence
of S9, the strong induction of micronuclei in vitro and
high frequency of centromere-positive MN induced in
human lymphocytes), was consistent with chromosome
loss (aneuploidy). The result of the in vivo MN assay
was very weak. At doses where no associated increase
in MN was seen, the plasma exposures (Cpax or AUC)
were 75-125x the proposed human exposure levels.
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Fig. 5. Micronucleus (MN) data in human lymphocytes treated with
Compound D.



56 V. Thybaud et al. / Mutation Research 627 (2007) 41-58

Table 8
Centromere labeling with FISH probe for pan-centromeric DNA, for
Compound D in micronucleus test in human lymphocytes

Treatment No. of micronucleated %C+ %C-
binucleated cells probed

Compound D 100 77 23
194.5 pg/mL

Carbendazim 100 70 30
2.5 pg/mL

Cyclophosphamide 27 i} 93
3.125 pg/mL

%C+: percent of cells with micronuclei containing a centromere.
%C—: percent of cells with micronuclei containing no centromere.
Pan-centromeric probing was not performed on concurrent solvent
control slides. However, the historical frequency of C+ MN in human
lymphocytes in the testing laboratory is 9-14.5%.

The Working Group agreed that, from the existing
data, it was not clear whether the MN in vivo were solely
due to chromosome loss. Even though 77% of the MN
drug-treated cultures in vitro were centromere-positive,
a secondary (e.g., clastogenic) mechanism based on
a direct DNA-mediated effect could be involved. It
was suggested that it was necessary to demonstrate the
absence of a direct DNA mechanism, and this could be
done either in vitro or in vivo. Approaches that could be
considered were:

e Demonstrate absence of DNA binding

e Demonstrate absence of induction of structural chro-
mosomal aberrations

e Demonstrate absence of induction of DNA strand
breaks.

The investigation of chromosomal aberration induc-
tion in vivo could be performed either in an acute study
(scoring bone marrow) or in a repeat dose (e.g., 28-day)
study (scoring blood lymphocytes).

The Working Group discussed the evidence that is
needed to convincingly describe a non-linear or thresh-
old mechanism. It became clear that in addition to
obtaining evidence in favour of a non-linear mechanism
it might be necessary also to obtain evidence against a
linear mechanism, i.e., ruling out direct DNA reactiv-
ity. In this case study, evidence was obtained that was
consistent with a chromosome loss (aneugenic) mode of
action. However, this was not considered sufficient on
its own. The mode of action should be more fully sup-
ported to be plausible. Further information on potential
to affect the mitotic apparatus, or negative results in a
rigorous test for chromosome breakage or for potential
to damage DNA, would be very supportive. In this case
the aneugenic mechanism of action would be accepted,

no further genotoxicity testing would be required, and
safety margins could be determined.

Appendix E. Use of historical control data in
assessment of genotoxic response

Historical control data have been used as a convenient
tool for explanation of the lack of relevance of a weak
positive response, usually revealed by statistical signifi-
cance when the response is compared with the concurrent
negative control. For this purpose, the minimum and
maximum values of the accumulated control data in the
laboratory are usually used. The historical control data,
however, should be more accurately and appropriately
based on the distribution of the control data accumulated
in the laboratory. To achieve this, certain experimental
conditions, as summarized by Margolin and Risko [41]
need to be achieved as follows:

e The experimental protocol must have remained fixed
throughout the period covered by the historical data
and the current experiment

e The method of scoring the response must be
unchanged during the period

e The experimental unit must be comparable throughout
the period

e The data must have been gathered by the same inves-
tigators within the same laboratory

e There must exist no known systematic differences
between the various control groups, current and his-
torical, that would produce systematic differences in
response.

All control data should be included, even out-of-range
data, unless there is a convincing rationale for exclusion.
As long as the criteria above for obtaining historical con-
trol data have been met, these data may be combined over
some different experimental conditions (e.g., solvents,
sampling times).

When historical control data fulfils the requirements
above, they can provide a good guide for evaluation
of experimental data. They can be compared with con-
current control data by using statistical methods. An
example of a procedure for data analysis using historical
control data has been proposed by Hayashi et al. [42].
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To confirm the performance and statistical power of a flow
cytometric method for scoring micronucleated erythro-
cytes, reconstruction experiments were performed. For
these investigations, peripheral blood erythrocytes from
untreated mice, with a micronucleated erythrocyte fre-
quency of ~0.1% were combined with known quantities
of Plasmodium berghei (malaria) infected mouse erythro-
cytes. These cells had an infected erythrocyte frequency of
~A.7%, and mimic the DNA content of micronuclei (MN).
For an initial experiment, samples with a range of MN/
malaria (Mal) content were constructed and analysed in
triplicate by flow cytometry until 2000, 20 000 and 200 000
total erythrocytes were acquired. In a second experiment,
each specimen was analysed in triplicate until 2000, 20 000,
200000 and 1000000 eryvthrocytes were acquired. As
expected, the sensitivity of the assay to detect small changes
in rare erythrocyte sub-population frequencies was directly
related to the number of cells analysed. For example, when
2000 cells were scored, increases in MN/Mal frequencies of
3.9- or 2.7-fold were detected as statistically significant.
When 200000 cells were analysed, a 1.2-fold increase was
detected. These data have implications for the experimental
design and interpretation of micronucleus assays that are
based on automated scoring procedures, since previously
unattainable numbers of cells can now be readily scored.

Introduction

From a statistical point of view, in order to achieve a higher
power of detection, sample size should be increased. For
many experimental situations, it is not always feasible to
increase the number of subjects studied. When the event
under consideration is rare as to cause appreciable scoring
error, then an alternative would be to enhance the precision
of each measurement. For example, in the rodent erythrocyte
micronucleus assay, the evaluation of 2000 immature erythro-
cytes per animal and 5 animals per dose group represents
commonly cited minimum values. Owing to the rarity of
micronucleated cells, even this minimal assay design results
in tedious and time-consuming efforts. The use of flow cyto-
metry (1-3) realizes the ability to evaluate high numbers
of erythrocytes, something that is impossible to achieve by

manual microscopy. By reducing scoring error in this manner,
flow cytometry has the potential to increase statistical power.

In the present study, we evaluated the relationship between
statistical power to detect a rare erythrocyte sub-population,
i.e. micronucleated or malaria-infected erythrocytes (MN/Mal),
and the total number of erythrocytes analysed. These experi-
ments were accomplished using a reconstruction model
whereby known quantities of malaria-infected erythrocytes
were added to blood from an untreated mouse. Malaria is a
known model for micronucleated erythrocytes, as they endow
the target cells of interest with a micronucleus-like DNA con-
tent (4,5). The samples were analysed by flow cytometry to
measure the MN/Mal frequency through the interrogation of
2000 (2k), 20000 (20k), 200000 (200k) and 1000000 (1m)
erythrocytes. The results presented here show the capability of
flow cytometric technology to reduce scoring error, and also
the extent to which this affects the ability to detect small
changes to baseline micronucleus frequencies.

Materials and methods

Staining of blood specimens

Methanol-fixed blood from untreated and malaria-infected mice used in this
study were two ‘biological standards' which accompany the Mouse Micro-
Flow®PLUS kits (Litron Laboratories. NY). MicroFlow PLUS kits were the
source of these specimens.

Before analysis, malana-imfected specimens and untreated mouse speci-
mens were washed out of fixative with ~ 12 ml Hank’s Balanced Salt Solution.
Procedures for the 3-colour labelling technique which appear in the Micro-
Flow®PLUS mstruction manual (version 031230) were scaled up ~7-fold in
order to provide at least 10 ml each of control and malaria blood in a cell
density range that is recommended for this assay (between ~2000 and 6000
events/s). Anti-CD71-FITC, anti-CD61-PE and all other flow cytometry
reagents were also supplied in the kits. After the labelling procedures were
accomplished, the cell density of the malaria-infected sample was adjusted so
that it was equal to thal of the control blood sample. Initial cell densities were
measured with a Coulter Counter, model ZM. After adjustment with additional
propidium iodide staining solution, equal cell densities were confirmed by
Coulter Counter measurements. Normalization of cell densities was an import-
ant experimental design consideration, as this allowed us (o calculate the
expected MN/Mal frequencies in the diluted samples once the frequencies of
the onginal control (0.10 and 0.09% for Experiments ] and 2, respectively) and
malaria-infected (0.67 and 0.70% for Experiments 1 and 2, respectively)
samples were determined with high precision (i.e. control and malaria-
infected %MN/Mal frequencies are the mean value of triplicate analyses with
Im erythrocytes per analysis).

Dilution of malaria blood specimen

Malaria-infected blood (Sample H) was diluted with control blood (Sample A)
in the following ratios (v/v): 1:1 (Sample G). 1:3 (Sample F), 1:7 (Sample E),
1:15 (Sample D), 1:31 (Sample C) and 1:63 (Sample B). These blood speci-
mens were stored al 4°C until flow cytometric analysis, which occurred on the
same day. Each sample was analysed three times to evaluate reproducibility.

Flow cytometric analvsis

All samples were analysed according to the MicroFlow® PLUS 3-colour
technique. One deviation to the kit-supplied data acquisition and analysis
template was that the frequency of erythrocytes with malaria or micronuclei
was determined without restriction to CD7]-expression level. That is, the
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Mal and MN frequencies measured and reported here are based on total
peripheral blood erythrocytes. A second deviation from standard practices is
that the default stop mode of 20000 reticulocytes was not utilized. Rather, each
specimen was analysed until the following number of erythrocytes were
acquired: 2k, 20k and 200k erythrocytes in the first experiment and 2k, 20k,
200k and 1m erythrocytes in the second experiment.

Statistical analysis

The average of triplicate MN/Mal measurements associated with the control
blood sample were compared with those associated with each of the other seven
specimens by the Fisher's exact method. A P-value of (L05 divided by 7
(number of sample groups) was considered evidence of a statistically signifi-
cant difference. Expected versus observed MN/Mal frequencies were graphed
for each measurement performed in the second experiment. Microsoft Excel
(Microsoft Corp., Seattle, Washington) was used to determine a best-fit line.
The associated equations and 1~ values were determined.

Results

Data from Experiments 1 and 2 are summarized in Table I and
include the expected and observed MN/Mal frequencies. The
MN/Mal frequencies shown are the average of triplicate ana-
lyses. As shown in Table I, for measurements based on 2k
erythrocytes, samples with expected MN/Mal frequencies of
0.39 and 0.24% were found to be significantly different from
control samples, in Experiments 1 and 2, respectively. These
values correspond to fold increases of 3.9 and 2.7 for the first
and second experiment, respectively. As more erythrocytes
were analysed per sample, the detection limit was improved.
For instance, measurements based on the evaluation of 200k
erythrocytes per analysis show statistical significance for
expected MN/Mal samples of 0.12 and 0.11%. These values
correspond to an increase of ~1.2-fold. In fact for the second
experiment, when a stop mode of 1m erythrocytes was invest-
igated, statistical significance was observed between the con-
trol blood sample (0.09% MN/Mal) and the specimen with the
lowest frequency of malaria (0.10% MN/Mal; P = 0.00005).
As an aid for visualizing the performance characteristics
associated with the various number of cells analysed, scatter-
grams showing %MN/Mal measurement are presented (Fig. 1).

Best-fit lines and equations are included with these graphs, and
illustrate the degree to which the experimentally derived data
agree with the linear relationship that is known to exist among
MN/Mal frequencies for these specimens.

Discussion

To evaluate the performance and statistical power of a flow
cytometric approach to score micronucleated erythrocytes, we
performed a reconstruction model experiment by the serial
dilution of malaria-infected mouse blood with normal mouse
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Fig. 1. Scattergram of expected versus observed MN/Mal frequencies. Each
of three replicate measurements is plotted for these specimens. Best-fit linear
lines are graphed, with associated equations. /= values document the degree of
reproducibility observed.

Table 1. MN/Mal frequencies (%) and P-values for comparisons with sample A

Sample Expected (%) Number of cells analysed/sample
2k 20k 200k Im
(%) P-value (%) P-value (%) P-value (%) P-value
Experiment 1
A 0.10 0.07 0.09 0.10
B 0.11 0.08 0.50000 0.11 0.20764 0.11 0.13403
C 0.12 0.05 0.77349 0.10 0.46272 0.12 0.00007
D 0.14 0.08 0.50000 0.13 0.03463 0.14 0.00000
E 0.18 0.22 0.02452 0.21 0.00000 0.18 0.00000
F 0.25 0.18 0.05924 0.30 0.00000 0.25 0.00000
G 0.39 0.57 0.00000 0.36 0.00000 0.41 0.00000
H 0.67 0.57 0.00000 0.73 0.00000 0.67 0.00000
Experiment 2
A 0.09 0.08 0.09 0.10 0.09
B 0.10 0.08 0.62305 0.11 0.20374 0.11 0.04822 0.10 0.00005
C 0.11 0.05 0.85547 0.12 0.06479 0.12 0.00301 0.11 0.00000
D 0.13 0.13 0.29053 0.12 0.08887 0.14 0.00000 0.13 0.00000
E 0.17 0.15 0.21198 0.16 0.00038 0.17 0.00000 0.17 0.00000
F 024 0.30 0.00531 0.26 0.00000 0.24 0.00000 0.25 0.00000
G 0.40 0.37 0.00076 0.47 0.00000 0.41 0.00000 0.40 0.00000
H 0.70 0.60 0.00000 0.61 0.00000 0.71 0.00000 0.70 0.00000

Shading indicales those samples thal are significantly different from respective control samples.
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blood. As expecled, the present results illustrate that the power
of rare evenlt detection is directly related to the number of cells
analysed per specimen. By analysing 3m (triplicate of 1m) cells
per group, 0.10% is significantly different (P = 0.00005) when
compared with 0.09%. Even so, it must be appreciated that the
biological significance of minute changes must be considered
in addition to statistical significance.

Previously, we have shown that individual differences were
negligible in the mouse micronucleus assay when 1000 cells
per animal and 5 or 6 mice per dose group were analysed (6-8)
and the statistical unit for the evaluation can be assigned to a
cell but not to an animal. According to the present results and
also results by Asano et al. (9), the variability of the data
was high when 2k cells were analysed. Under these circum-
stances, the difference among animals is not apparent, as
they are likely to be smaller than the scoring error. While, in
the case of the present malaria dilution experiments, when
200k or Im cells per sample were analysed, the scoring error
decreased and converged to a value. This, however, is not true in
the case of the actual micronucleus assays using model chem-
icals (9). When 200k or 1m immature erythrocytes were ana-
lysed, differences between individual animals became apparent
and there was data variability within each dose group. There-
fore, even if the experimental size in the animal experiments is
increased, we cannot expect the same increment of detecting
power. This finding suggests that optimizing the statistical
procedure also includes evaluating individual differences.

Based on the present results, we confirm the accuracy and
high performance of the micronucleus assay system using flow
cytometry and we propose that the number of reticulocytes
analysed for the micronucleus assay using flow cytometry be
a minimum of 20k. We suggest that the analysis of 20k retic-
ulocytes is approximately equivalent to the manual micro-
scopic analysis according to test guideline OECD 474 (9,10).
We anticipate that the experimental size of the MN assay will
be recommended and set by expert committees based on the
evaluated data. In addition to statistical sensitivity, biological
variability between animals and as a consequence of treatment
should also be considered. There appears to be diminishing
value to analyses based on 200k or even lm per animal. These
may be useful in certain special circumstances, for instance
when looking for evidence of threshold or practical threshold
effects (9).
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Reproductive and Developmental Toxicity of Organotin Compounds

Makoto Ema

Organotin compounds are chemicals widely used in agriculture and industry. Widespread use of organotins has
caused increasing amounts to be released into the environment. Organotins show many aspects of toxicity, such
as immunotoxicity, neurotoxicity, and reproductive/developmental toxicity. However, the reproductive and devel-
opmental toxicity of organotins is not well understood. The findings of the studies on reproductive and develop-
mental effects of organotin compounds in mammals were summarized in this review.

Keywords: Organotin, reproductive toxicity, developmental toxicity, implantation failure, teratogenicity
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Table 1. A X{LEHOAEER

R A CAS suik (F)
Dibutyltin dichloride 683-18-1 10,000 - 15,000
Dibutyltin dilaurate 77-58-7 1000 - 5000
Dibutyltin malcate 78-04-6 500 - 1000
Dibutyltin oxide 818-08-6 1000 - 5000
Dibutyltin bis 10584-98-2 |7,500 - 12,500
(2-ethylhexylmercap-acetate)

Dibutyltin bis 25168-24-5 | Not available
(isooctyl mercap-acetate)

Dimethyltin dichloride 753-73-1 1,000 - 5,000
Dimethyltin bis 57583-354 | 5,000 - 10,000
(2-ethylhexyl mercap-acetate)

Dimethyltin bis 26636-01-1 | Not available
(isooctyl mercap-acetate

Dioctyltin dichloride 3542-36-7 5,000 - 10,000
Dioctyltin bis 15571-58-1 |7,500 - 12,500
(2-ethylhexyl mercap-acetate)

Dioctyltin bis 26401-86-5 | Not available
(isooctyl mercap-acetate)

Monobutyltin trichloride 1118-46-3 10,000-15,000
Monobutyltin tris 26864-37-9 |2,500-7,500
(2-ethylhexyl mercap-acetate)

Monobutyltin tris 25852-70-4 | Not available
(isooctyl mercap-acetate)

Monomethyltin trichloride 993-16-8 1,000 - 5,000
Methyltin Reverse Ester Tallate |201687-57-2 [ 7,500 - 10,000
Monomethyltin tris 57583-34-3 | 5,000 - 10,000
(2-cthylhexylmercap-acetate)

Monomethyltin tris 54849-38-6 | Not available
(isooctylmercap-acetate)

Mono-oetyltin trichloride 3091-25-6 | 1,000 - 5,000
Mono-octyltin tris 27107-89-7 {2,500 - 7,500
(2-ethylhexylmercap-acetate)

Mono-octyltin tris 26401-86-5 |Not available
(isooctylmercap-acetate)

Tributyltin chloride 1461-22-9 | 2500 - 3000
Tetrabutyltin 1461-25-2 | 10,000 - 12,500
Tetraoctyltin 3590-84-9 |2,500 - 7,500
Tin Tetrachloride 7646-78-8 | 20,000 - 25,000

88 : ORTEP Association 2004 Global production data
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Table2 7 ==/ A Z{LAWIC L SERMBY
MEEL LR ] HZER #58 HEER AMRBERE FE
TPTH Sharman 7 » k 100-200 ppm 64-238 B g0 (B Gains &
LEHBEROS 5 BN Kimbrough  (1968)
| FIRE R ¥R
TPTA Holtzman 7 » F 20 mg/kg 19 8 &n (R4 I8! Sy Pate & Hays
TPTCl T HROBMEENHT (1968)
TPTA Holtzman 7 > h 20 mghkg 208 #0 (RiF) T MFRRBROEE Snow & Hays
TPTCI (1983)
TPTA ICR/Ha Swiss 24-12mgke 18 HE~ EEBFEEALL Epstein et al.
7D 6 mg/kg 5B D EERFEEALL (1972)
TPTH 1.3-8.5 mg/kg 18 MEER EEERERL L
11 mgkg 5A HED ErEREERL L
TPTA Holtzman 7 » - 20 mg/kg 4-24 8 &0 (jRE) | GRS Newton & Hays
TPTCI T ANMAERR O PSS (1968)
| Wik
TPTCI Wistar 7 & F 4.7-63 mghkg 03 B BEED LsHiER, | BREK Ema et al. (1997a)
12.5-25 mg/kg k46 B HMEED | iR
TPTCI Wistar 7 v + 4.7-6.3 mg/kg AR 0-3 A WEWHIED | FEARRRER L Ema et al. (1999a)
| i T AF o
DPTCl Wistar 7 & b 16.5-248 mg/kg HIRO03 B Lt sl | STERE, AARATARFEL Ema et al. (199%b)
| IBRE
333 mg/kg $HiE 47 B b Lt 1a] BE, T WEREREXEC
DPTCI Wistar 7 b 41-248mg/kg BEiE03 B L.t Asl | FEARBREER L Ema & Miyawaki
| T ¥ 2Fa (2002)

TPTH: Triphenyltin hydroxide, TPTA: Triphenyltin acetate, TPTCI Triphenyltin chlonde, DPTCI: Diphenyltin dichloride.

BTho®. bR, TPICUEZ7 0 R 70
VETEMES FEAMOREELMELEFEL, Zhb
BTPTCUZ L 5 EF KM FICEE L TAZ LT LT
V5. TPTCIO T 5 O &AL il & OV BRPRLE 1E A (2
T HINEELECOERERMLEZLZA, TafR
TaryixA o rO®EEEFTPTCIZ&E L IRMAH
T hORBEBCEZHERFL, 4.7 mgkgll EOTPTCIE 7
O AT R o EHRAREE LT v b OERSE R CFREK
RTPTCIZ MBS L=5 v b L0 @MY, Zh
HOFERN G, TPTCUZ L 5 T 5 PO B 5% B L i,
Bp LLESANCIE, IRELELVENLTEY, £
TS AT e XTPTCHC L A E KRB AH#ET 5 =
LT ENT=.

22 PI71ZJ)AX (DPT) D4mEN

Z v MZEOERINTPTIY, V7 =LA X (DPT),
/) 7=2=pAX (MPT) ELIZEBAX|IZAMEND
4 DPTLE# D AT EE M S8R D #S S % Table 31T L
7=. Diphenyltin dichloride (DPTCl) ®iE#RAL L & UMTER
HEICHTAEEIHOVWTTy 2BV TRILEY.
DPTClZWistar 7 » FD#EHR0-38124.1, 8.3, 165, 248
mgkg, $EER4-7HIZ8.3, 16.5, 248, 33.0 mykg% 58l
BOBELELLZ A IEREOET MER0-3A 0248
mg/kg, $ER4A-7TH D330 mgkgPIETH LN, R
0-3H ?D16.5mg (48 pmol) /kgih EDO# 5 THEEATOIE

BFEHEIM L=, RO ML L 7D F RATIEFE T F
IR L Rk TH o . FREEE T R LEHRL-7 H
D330 mgkg WHETLERLE Zhb6oEENG, i
RYMICR S LI-DPTCHIFRMEXS I EZ L, FE
AOBESEIHFRPROCFREHEOBE LD LIERAMM
SRBETHZEDBHALMIRo7=. HROIRDO®FET
ZDPTCIO B EH TH ATPTCIH4.7 mg (12 pmol) /
kgl £ CHEKMEBFEERA LR, T EE5ROLE
iIZX Y, TPTCIOERAMDPTCIE » L3RV Z & A58 & s
72T, DPTCIE 3% ORMPATPTCIO FHHRMLEFIE
HAoREDETHLIFEEREVEZSZLND. Lk
LAd6, TPTIEE®IZDPTCIZ 5 L7 v FOFT
ERENDT 0T, #5SN-DPTLEMD—EHATPT
ELTHBERZRBELTWHAESENSH Y, DPTOE
HHEROBRIIZIZOZ L2 EETHALENHS, TPTE
DPTICL DAMBHEOERZAL,:IZL, FOFEDE
EROHICT AR ELRAFELET S,

DPTCIDFEREIZx T 2 EIZ SV THAIERT ~ F
FRAWTRIFIATWS. Wistar7 v b OBIFRO-3B 12
4.1, 83, 16.5, 24.8 mg/kg®DPTCIZFIE QG L=
fER, 16.5 mgkegll EOBE T EABBRERLOME],
BRI R OROME7 o ¥ A7 o0 OIETHABRES
ni= ¥ ZhonR5RIZT v OERO3AICERSE L
Fo b xICRERITEREER L TTRETH-12". Zh
LHORMAL, DPTCHE 7o AT a AET42H#5 FEN



