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cytogenetic damage in bone marrow of rodents), as pre-
scribed by a number of expert/regulatory bodies around
the globe (e.g., ICH, EEC, U.S.EPA, IMHLW, etc.), are
considered to be still valid. For certain molecules, one
or more of the above tests may not be relevant or useful
(e.g., bacterial reverse mutation test for peptides). Posi-
tive findings (i.e., identification of genotoxicity) in one
or more of the initial tests may require further investi-
gation and usually trigger additional testing. However,
the selection of additional test(s) at this stage cannot be
prescriptive and should be handled on a case-by-case
basis.

There was also a general consensus that the protocols
and data interpretation strategies currently used in the
conduct of the initial battery of tests needed improve-
ment. For example, the rationale for the selection of
the top concentration including the required levels of
cytotoxicity currently prescribed by various regulatory
guidelines for in vitro tests may need further exami-
nation. In this context, the group identified a need to
undertake a retrospective analysis of any available inter-
nal exposure data from animal toxicokinetic and, where
available, human pharmacokinetic studies to help estab-
lish a general guidance to limit the highest concentrations
that need to be evaluated in in vitro genotoxicity stud-
ies utilizing mammalian cell cultures. Using information
from such an analysis, one might be able to identify an
appropriate top concentration to be used in in vitro assays
(instead of the current 10 mM limit) that could generally
be agreed not to be excessively above the typical pharma-
cologically active range for most drugs, above the Ki,s
for most relevant enzymes including those involved in
metabolic activation/detoxification, and above the typi-
cal blood and tissue levels expected at the most extreme
human exposures that would occur in actual usage sit-
uations. While this approach might be suitable in most
cases, there could be instances where higher concentra-
tions may need to be evaluated with certain agents which
may have potentially extreme human exposures.

The group acknowledged that toxicokinetic and tox-
icodynamic considerations dictate that findings from a
well conducted in vivo genetic toxicity test that evaluates
relevant endpoints and target tissues should carry more
emphasis or weight than conflicting results from corre-
sponding in vitro assays. At this time, however, there
are no validated in vivo protocols amenable to assess
all genetic events of human relevance (i.e., mutations,
chromosomal aberrations, and aneuploidy) in multi-
ple tissues. Because of this limitation an integrative
approach of different in vitro genetic toxicology stud-
ies will continue to play an important role in safety
assessment programs. Furthermore, although analyses

performed to date suggest that the results from in vive
tests correlate better than in vitro tests in predicting the
outcomes of animal carcinogenicity studies, an exhaus-
tive analysis of all available databases has not yet been
performed that would allow one to make a definitive con-
clusion on this issue. Therefore, this group identified
such an analysis as a worthwhile future activity.

Genetic toxicology is an integral part of the field
of toxicology and as such the general weight of evi-
dence principles of data interpretation widely accepted
for other toxicities should be equally applicable to geno-
toxicity (i.e., considering all pertinent information when
available including, metabolism, kinetics, mechanism,
dose-response and human exposure, placing empha-
sis on reliable in vivo results over in vitro findings,
and acknowledging data limitations). The central dogma
in toxicology is that it is the dose that determines
the risk of toxicity. Accordingly, an experimentally
derived no-adverse-effect-level (NOAEL) or mathemati-
cally modeled “bench mark dose (BMD)” in conjunction
with a set of uncertainty factors usually forms the basis to
establish a human exposure level to toxicants without an
expectation of an adverse outcome. The group had a cur-
sory discussion on the applicability of such an approach
to mutagenicity data, irrespective of the mode of action
of an agent (i.e., even for DNA reactive mutagens which
are currently excluded from this approach), for setting
acceptable exposure levels. The following uncertainties
were discussed in the use of experimental data to derive
allowable human exposure levels: (1) extrapolation from
in vitro to in vive situations, (2) extrapolation from non-
human species to humans, (3) existence of susceptible
subpopulations among humans, (4) severity of the effect
studied, and (5) deficiency in the database used to derive
the NOAEL or BMD. The group concluded that further
discussion is needed on the suitability of this approach as
well as the use of factors (e.g., 3 x or 10x) to account for
each of the identified uncertainties to be used in deriving
the permissible exposure levels.

2.1.3. Break-out group #1: conclusions and
recommendations

Based on the deliberations described above, break-
out group #1 proposed the following conclusions and
recommendations:

e Critically examine the currently required maximum
level of cytotoxicity in in vitro mammalian assays.

e Re-evaluate the current 10mM upper limit con-
centration for in vitro mammalian studies using a
retrospective analysis, taking into account the follow-

ing:
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- animal and human pharmacokinetic data;

- metabolic efficiency;

- enzyme saturation;

typical blood and tissue levels at the most extreme

human exposure situations.

e Apply general weight of evidence principles of data
interpretation accepted for other types of toxicity to
genotoxicity data, considering:

- metabolism;

- kinetics;

- mechanism;

- dose-response and human exposure;

- placing emphasis on reliable in vivo results over in
vitro findings;

- acknowledging data limitations.

e Critically examine the suitability of applying the con-
cepts of benchmark dose, NOAELs, LOAELs, and
uncertainty factors to genotoxicity data.

o Conduct a retrospective in-depth review of the avail-
able genotoxicity databases to better understand the
respective contribution of in vitro and in vivo assays
to the prediction of carcinogenic potential.

2.2. Break-out group #2: how to factor in a
quantitative consideration of the impact of
dose—response

2.2.1. Break-out group #2: background

The participants of this break-out group focused
on how to use knowledge of the in vivo factors that
determine genotoxic responses (including exposure,
pharmacokinetics, metabolism, and mechanism) to inter-
pret responses in in vitro and in vive laboratory genetic
toxicology tests, and to improve estimation of the risk
of genetic damage and/or adverse health outcomes in
humans. The discussion was focused on situations in
which decisions must be made in the absence of car-
cinogenicity data, such as (a) the stage of pharmaceutical
development at which in vitro and limited in vivo genetic
toxicology information, but no carcinogenicity data, are
available or (b) screening of industrial chemicals, and
included (c) the near future of cosmetic and health-care
product regulation in which decisions may need to be
made primarily on the basis of in vitro data or at most
with some limited in vivo data.

2.2.2. Break-out group #2: report

The general question addressed by this group was:
“What information on exposure and genotoxicity such as
potency, nature of genetic lesion, shape of dose-response
curve and mode of action is needed to define accept-
able exposure levels or levels of no concern for exposed

humans”. The specific questions addressed included:

e s there a quantitative relationship between potency
in vitro and potency in vivo for induction of the
types of damage of interest (e.g., adducts, strand
breaks, nucleotide alterations, mutations, chromoso-
mal aberrations, etc.), for (1) agents that do not require
metabolic activation and (2) agents that do require
metabolic activation?

e Can a combination of in vitro potency data, with or
without in vive potency data, and human exposure
data provide an index of risk that supports regulatory
decision-making in the absence of carcinogenicity
data?

¢ By using such an index, can a level of risk be defined
that is considered inconsequential or acceptable for a
given human exposure?

Additionally, the general default assumptions about
the shape of the dose-response curves for “genotoxic”
versus “non-genotoxic” agents were discussed, includ-
ing the assumptions that (1) agents that react with or
“directly” damage, DNA should be assumed to have
linear dose-response relationships as a conservative
default, whereas (2) DNA non-reactive agents, i.e., geno-
toxicants that act through a primary target or mechanism
other than direct reaction with DNA, are considered
likely to have non-linear dose-response relationships
with a definable “threshold” below which in vive risk
of damage can be considered negligible. In particular,
the extent of the scientific data available that supports
these presumptions was questioned. It was felt that some
generalizations can be made with regard to type of dam-
age, mechanism of action, and/or class of agents, but
that a more rigorous evaluation of the situations and
conditions involved was needed. For certain classes of
chemicals, such as specific DNA synthesis inhibitors
or agents that interact very specifically with known
non-DNA targets, it was agreed that a threshold below
which significant DNA damage would not occur could
be defined. Systematic approaches to evaluate available
data that supports improved categorization of chemi-
cal classes and supports appropriate assumptions about
expected dose—response relationships are recommended
(see below).

Some data were presented suggesting that there are
practical thresholds even for DNA-reactive genotoxic
agents [27.28] and showing also that agents considered
non-genotoxic, such as sucrose, can produce significant
effects even in vivo if sufficient exposure is achieved
[29]. The limited data presented suggests that a more
comprehensive survey and analysis of results in the liter-
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ature and those available from HESI member companies
is warranted in order to determine whether practical
thresholds can be defined for DNA-reactive genotoxic
agents. Based on this analysis, an informed decision can
be made as to whether it is necessary to move from
the current practice of decision-making on the basis
of qualitative or semi-quantitative characterization of
agents to a more quantitative assessment of genotoxic
risk under defined exposure conditions in vivo. As noted
above, the group felt that sufficient data were already
available to document that some classes of non-DNA
reactive genotoxicants, such as most aneugens (based on
known modes of action/dose—response data), agents that
cause nucleotide pool imbalance or glutathione deple-
tion, and DNA synthesis inhibitors, have a non-linear
dose-response curve and that safe thresholds or margins
of exposure can be defined for such agents. The group
recommended a systematic compilation and analysis of
data for both DNA reactive and non-reactive mutagens
that explores the dose-response and modes of action to
more thoroughly examine the default presumption of low
dose linearity. A logical mechanism for achieving this
would be via an expert committee charged with produc-
ing a “white paper” and subsequent journal publication.
It was noted that it would likely also be necessary to
build a consensus on acceptable methods for describing
the shape of the dose-response curve and for evaluating
the mode of action.

Considerable attention was placed on the question of
whether information on the extent of human exposure
(magnitude, duration, and route) can be used to define
levels of concern about genotoxic damage. The “level
of concern” and “threshold of toxicological concern”
concepts (LOC, TTC) used for assessing environmental
risks, direct and indirect food additives and pharmaceu-
tical impurities [2,30-33] were cited as examples of how
this is already being done in certain cases. The possibil-
ity of extending these concepts by combining human
exposure information with information about in vitro
dose-response relationships and/or in vivo animal geno-
toxicity information was discussed and it was concluded
that this could be a profitable area of focus within the
current HESI project.

The group recommended that in vive potency infor-
mation (both genotoxicity and carcinogenicity informa-
tion), information about in vitro concentration—effect
relationships in relation to effects in in vivo models,
and likely concentrations achieved in anticipated human
exposure situations should be evaluated as a basis for
future recommendations. It was recommended that this
analysis include a determination of whether available
information allows development of semi-quantitative

categories (bins) of concern (e.g., low, intermediate,
high) for some classes of chemicals based on:

e human exposure data;

e in vivo potency test data (e.g., tumor data, genetic
toxicity data);

e in vitro concentration far exceeding achievable in
vivo exposure (e.g., blood/tissue concentrations, DNA
adducts);

¢ mode of action and metabolism/pharmacokinetics.

It was suggested that a weight of evidence approach
that considers structural alerts, weaknesses and strengths
of each assay, and consistency and reproducibility of
the findings would be needed. Along with human
exposure information, the biological plausibility for
the response to occur in humans should be consid-
ered. Because positive findings in in vifro assays,
particularly in mammalian cell systems, can be prob-
lematic, correlative in vivo data are preferred to
evaluate the potential for human risk. However, the
limitations of in vivo assays (e.g., ability to mea-
sure relevant events in potential target cell populations,
sensitivity of certain endpoints when exposure is short-
term, metabolic and pharmacokinetic differences among
species) need to be considered in developing an
appropriate weight of evidence approach. The above
recommendations for activities to be undertaken are
directed at providing evidence-based approaches to these
issues.

The group noted that any effort undertaken should be
coordinated with the existing effort of the International
Workshops on Genotoxicity Testing (IWGT) directed at
improved genetic toxicology testing strategies, and espe-
cially the IWGT working group on appropriate follow-up
testing when in vitro positive genotoxic responses occur
[18].

2.2.3. Break-out group #2: conclusions and
recommendations

Based on the discussions described above, break-out
group #2 proposed the following conclusions and rec-
ommendations:

e Although in vitro assays are useful, recent analyses
of expanded datasets have illustrated the limitations
of these tests. Improved approaches are needed that
allow the results of these in vitro assays to be better
used in assessing genotoxic hazard.

e Anevaluation of in vivo and in vitro genetic toxicology
data including dose-response, by chemical class and
type of damage, is needed to determine the feasibil-
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ity of developing a tiered or quantitative classification

system for genotoxic hazard.

- The evaluation should include examination of the
relationship between in vitro and in vivo responses,
for different mechanistic classes of genotoxicants,
analyzed separately by whether the agent is directly
active or requires metabolic activation for genotoxic
activity.

- The evaluation should include correlation of tis-
sue exposure in vive with genetic damage in vivo
(including tumor response) and in vitro, to sup-
port development of (semi) quantitative estimates
of levels of concern.

- An analysis is recommended to determine if we
can develop different bins of concemn (e.g., low,
intermediate, high) for some classes of chemicals
based on human exposure data; in vivo potency test
data (e.g., tumor data, genetic toxicity data); and in
vitro concentration in relation to achievable in vivo
exposure (e.g., blood/tissue concentrations, DNA
adducts).

e Anevaluation of the literature and available data bases
(pesticides, drugs, NTP, etc.) is needed to determine
the scientific support for low dose linearity versus
practical thresholds for different classes of genetic
toxicants.

e Whenever possible, in vivo dose-response and human
exposure information should be used in a weight of the
evidence approach to evaluate the potential for human
risk.

- Because concerns were raised over limitations of
currently available in vivo methods, a review should
be undertaken of available information to define
these limitations so that the combination of in vitro
and in vivo information can be used more effec-
tively.

2.3. Break-out group #3: how to improve our testing
Jfor genetic toxicity

2.3.1. Break-out group #3: background

The participants in this break-out group started with
the premise that we can not throw out the ‘tried and
tested’ approaches without having something with which
to replace them. It was recognized that the ‘Ames test’
has a very robust database and would be difficult to throw
out, and that the most problematic tests are currently the
in vitro chromosome damage tests, as they demonstrate
the higher rates of positives. Additionally, it has been
suggested that the Ames results generally correspond
with structure-activity models based on electrophilicity
[34]. This break-out group focused their attention on the

need to develop in vitro models that are more predictive
models for in vive biology, and that reduce artifacts.

2.3.2. Break-out group #3: report

All in vitro systems are at best imperfect models for
the biological effects seen in vivo. This generalization
holds true for in vitro genotoxicity tests used as hazard
identification tools in the prediction of carcinogenicity,
especially in view of our current understanding that epi-
genetic events play a key role in carcinogenicity. One
of the challenges in using in vitro genotoxicity assays
as predictors of carcinogens was highlighted in a recent
analysis by Kirkland et al. [15,35] of over 700 chemi-
cals that have rodent carcinogenicity data, which found
that 75-95% of non-carcinogens were positive in one
or more of the standard in vitro genotoxicity assays. In
this analysis, the false positive rate (defined as positive
in mutagenicity assay but negative in a rodent cancer
bioassay) was highest in mammalian cell tests such as
the chromosomal aberration assay in Chinese hamster
cells or the tk gene mutation assay in L5178Y mouse
lymphoma cells. As a consequence of such positive in
vitro genotoxicity data, numerous animal studies and
mechanistic research projects are conducted in order to
determine whether effects seen in vitro are biologically
relevant in vivo. These studies are costly, time consum-
ing, utilize many animals, and do not always give a
definitive answer.

The findings reported by Kirkland et al. [15,35] and
in several other earlier analyses [36-38] have recently
been confirmed in an analysis by Matthews et al. [39,40]
of a larger database of FDA and EPA chemicals. These
recent analyses confirm earlier analyses on smaller data
sets in the late 1980s to early 1990s. It is recognized that
efforts to correlate the genetic toxicology assays with
the cancer bioassay data are complicated by the fact that
not all the genetic toxicology and cancer data have been
evaluated according to current standards of acceptabil-
ity and interpretation. Despite this, there was consensus
that there is great value in developing new tests and/or
approaches for predicting in vivo genotoxins and poten-
tial carcinogenic chemicals. This topic was the focus of
the break-out group.

In vitro genotoxicity assays are used for a variety of
purposes, from the rapid screening of potential drugs or
other chemicals of interest to the detailed mode of action
analyses for carcinogenicity risk assessment [16,23].
The participants focused their discussions on the use of
genetic toxicity tests for predicting whether a chemical
has the potential to cause carcinogenicity via a muta-
genic mechanism, i.e., hazard identification. This use of
genetic toxicity tests to determine whether the mode of
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action (MOA) of a known carcinogen is via a mutagenic
mechanism was not addressed by this workgroup.
Over the years, it has been become apparent that the
in vitro genotoxicity tests, particularly the mammalian
cell assays, detect some non-DNA reactive agents (i.e.,
the primary target of the chemical or its metabolite(s)
is not DNA, for example, topoisomerase inhibitors) in
addition to DNA-reactive agents. In fact, there has been
an effort over the years to expand the spectrum of genetic
events detected in each assay, for instance by extending
the length and types of chemical treatment. Furthermore,
there has been pressure to increase the numbers and types
of assays in various genotoxicity testing batteries in order
to detect the full spectrum of genetic events and/or as
many rodent carcinogens as possible. The majority of the
working group felt that this proliferation of testing was
contributing to the generation of “false positive results”
with respect to predicting whether a chemical will be
a carcinogen. As such, we discussed the necessity of
refocusing genetic toxicology tests on the detection of
DNA reactive carcinogens. Other members expressed
the view that genotoxicity assays detect genetic damage
and would be expected to respond to all insults that dam-
age DNA (regardless as to whether the damage is caused
“directly” or “indirectly”). Both short-term and long-
term solutions to address these issues were discussed.

2.3.2.1. Possible short-term solurions. There is a need
to identify potential sources of false positive results (for
predicting carcinogenicity) obtained with the current in
vitro genotoxicity assays. This issue relates to determin-
ing what assay conditions cause biologically irrelevant
positive responses—artifacts of the in vitro conditions.
This issue was also viewed as essential for developing
any new tests or longer term approaches. To this end,
we addressed the question “What kind of research or
efforts can be used to improve current in vitro tests?”
The following possible activities were discussed:

e Re-examine whether a top concentration of 10mM is
justified. The original guidance to use a lop concen-
tration of 10 mM in the mammalian cell assays when
there is no toxicity is based on early analyses of small
databases which showed that there was a need to test
up to10 mM to detect some mutagens. Because such
mutagens may be detected in the bacterial gene muta-
tion (Ames) assay, there was agreement that there may
be inadequate justification for routine use of 10 mM
in mammalian cell assays. Another factor in setting
a top concentration of 10 mM was to avoid osmolal-
ity effects in these assays (i.e., effects due to osmotic
conditions that cannot be achieved in vivo). Changes

in osmolality are controlled for in assays conducted
by today’s standards.

e Re-examine the maximum level of cytotoxicity
needed and the appropriate measures of cytotox-
icity. By virtue of being in vitro tests, high,
non-physiological concentrations of test chemicals
can be added to in vitro genotoxicity assays. Simi-
larly to the above, this group felt there was a need
to determine whether detection of in vive mutagens
and/or DNA reactive carcinogens required routine
testing up to the cytotoxic levels used in current
protocols.

e Determine whether both long exposures as well as
short exposures in the mammalian cell assays are
required to detect in vivo mutagens and/or DNA reac-
tive carcinogens, particularly those not detected by the
bacterial reverse mutation assay.

e Determine if induced rat liver S9 is the most appro-
priate metabolic activation for in vive mutagens
and/or DNA reactive carcinogens. Investigate other
metabolic activation systems.

e Determine if cytogenetic assays in human lympho-
cytes are better predictors of human hazard and more
relevant to human risk assessment than currently used
mammalian cell lines. Anecdotal data as well as recent
publications [41] have been discussed at various meet-
ings to suggest fewer “irrelevant” positive results
occur in the chromosome aberration assay and/or
micronucleus assay when conducted in human lym-
phocytes than in other mammalian cell lines. There
is a need to determine whether this possibility can be
confirmed since this could lead to a simple solution
to the problem of false positives for predicting car-
cinogenicity. It was, however, unclear whether there
was sufficient data available with human cells for this
analysis.

e After the meeting there was a proposal to conduct
a thorough analysis of the existing genotoxicity and
cancer databases to create a dataset that includes only
data that meets current acceptance and interpretation
criteria. Once such an analysis has been completed,
the information can be used to more accurately access
the ability of the current genotoxicity assays to pre-
dict whether a chemical will be a carcinogen. This
effort would also provide a sound foundation for
addressing and perhaps modifying some of the assay
parameters (top dose, required cytotoxicity level,
erc.).

2.3.2.2. Approaches for the possible short-term solu-
tions. To initiate these activities, the following
approaches were discussed:
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e Form an expert panel to identify a list of definitive in
vivo genotoxins and/or DNA reactive mutagenic car-
cinogens which we expect in vitro genotoxicity tests
to detect, and then search these chemicals to answer
the above questions.

e Form anexpert panel to analyze the role of metabolism
in the mutagenicity and/or carcinogenicity of in vivo
genotoxins and/or of DNA reactive mutagenic car-
cinogens.

e Initiate a collaborative experimental study to ana-
lyze different measures of cytotoxicity to determine
if appropriate measures are being used.

e Search existing databases to determine whether fewer
false positive results occur in human lymphocyte cyto-
genetics assays than in other mammalian cell lines.

e Collect HESI member company data to determine
whether there are fewer “false positive” results in
human lymphocyte cytogenetics assays. This data col-
lection exercise should address the following points:
- Include data to address whether there is increased

variability of human lymphocytes relative to other
commonly used cell types (data collection from con-
tract and testing labs that use HPBL).

- Focus on chemicals negative for bacterial gene
mutation.

- Include data comparing rat lymphocytes to other
commonly employed cell lines to address the possi-
bility that primary lymphocytes yield more relevant
results.

e Initiate a collaborative experimental effort to compare
cytogenetic results between different cell types. [t was
recognized that this effort will take the largest amount
of resources, but would be the most definitive way to
address the question since analyses of databases are
complicated by the quality of the studies that were not
designed for this purpose.

2.3.2.3. Possible mid-term solutions. Based on the
analyses of current databases, the bacterial reverse muta-
tion assay has been shown to have the highest specificity
for prediction of rodent carcinogenicity of the currently
used in vitro genotoxicity assays [15,35]. Based on this,
the group discussed whether the in vitrro mammalian cell
assays could be replaced by tests or approaches that com-
pliment the bacterial reverse mutation assay, i.e., that
detect in vivo genotoxins and/or DNA reactive muta-
genic carcinogens that are negative in the bacterial assay
[38]. Because changing the standard genotoxicity test-
ing battery would require changes in regulations, this
was viewed as a possible mid-term solution.

As a first step, we discussed the question “Can we
accept a battery of the bacterial reverse mutation assay

and an in vivo MN or another assay for routine testing
acknowledging that some chemical classes may require
alternative testing?” Types of chemicals that are poten-
tial hazards that are known to be negative in the bacterial
assay include: metals, steroids/hormones, topoisomerase
inhibitors, nucleoside analogs, mammalian receptor-
specific chemicals and chemicals whose primary activity
is the induction of large deletions and other chromosomal
damage. It is the detection of this latter class of chemicals
(chromosomal mutagens) that led to the establishment of
the current battery.

2.3.2.4. Approaches for possible mid-term solutions.
One suggested approach to address this question is to
conduct a database analysis of bacterial reverse mutation
and in vivo MN tests (or other assays) to see if these detect
relevant in vivo genotoxins or/and DNA reactive muta-
genic carcinogens. Classes not detected by this battery
could be identified and appropriate testing recommen-
dations determined. This would involve the following
steps: search existing databases like the database used by
Kirkland et al. [15,35]; the database used by Matthews et
al. ([40,41], EPA GENE-Tox [42], and others; and obtain
HESI member Company data. This is best accomplished
using databases that have been thoroughly evaluated to
include only data that meets all current criteria for accept-
ability and interpretation.

2.3.2.5. Possible long-term solutions. While the above
approaches have the potential to reduce problems with
current in vitro genotoxicity tests and their interpretation
in the near term, which was the primary focus of this
workshop, there was also some discussion about the need
for the development of new generation tests that could
be used in the future—tests that could be specifically
designed to address the features that the current tests
lack. Features of new tests that were discussed included
use of mammalian cells/cell lines to insure appropriate
mammalian cell targets are present, use of p53 and DNA
repair proficient cells that are metabolically relevant, and
development of assays that would allow multi-endpoints
analyses.

There was also discussion of the use of only in vive
genotoxicity tests in the future and/or of the need for
the development of a new generation of in vivo tests that
measure the full spectrum of mutagenic events. For opti-
mal utility, such new systems should provide for rapid
mutant detection and not require the in vitro growth of
cells to enumerate mutants. While deemed scientifically
appropriate, it was noted that the use of in vivo tests alone
would not, under some current regulatory guidelines, be
acceptable for some testing purposes, including indus-



V. Thybaud et al. / Mutation Research 633 (2007) 67-79 T

trial chemicals, cosmetics, etc., but their use could be
valuable for some applications.

2.3.2.6. Approach for the possible long-term solutions.
We discussed the utility of holding a workshop to discuss
new generation in vitro and in vivo tests. In a workshop
recently sponsored by ECVAM, some of the newer in
vitro assays were discussed [26]. A workshop that dis-
cussed both new in vitro and new in vive tests would be
valuable.

2.3.3. Break-out group #3: conclusions and
recommendations

This workgroup approached its discussion with the
goal of capturing a wide variety of opinions and generat-
ing a number of options for improving the identification
of chemicals that are carcinogens prior to the comple-
tion of any cancer bioassays. While there were diverse
opinions concerning the utility of the current tests and
approaches, there was general agreement that new tests
and approaches are needed. The workgroup also agreed
that, to make significant progress on this issue in a rea-
sonable length of time, a variety of parallel activities
would be required. As such, we encourage partnering of
the various interested stakeholders in these initiatives.

3. Overall workshop conclusions

Table 1 summarizes the key recommendations of the
workshop, and identifies some of the commonalities
shared between the three break-out groups.

There was general agreement among workshop par-
ticipants that the rate of in vitro positive findings not
confirmed in vivo is too high to justify using qualitative
outcomes as the sole basis of regulatory decision-making
and that there is a critical need for an improved evaluation
process and for better predictive models. The active par-
ticipation of the workshop attendees in the discussions
during the break-out groups highlighted a willingness to
change and improve the current paradigm and to move
from a hazard identification approach to a risk based
approach that considers both toxicity and human expo-
sure information. A general consensus was reached that
the following points should be considered in the near
future:

e Genotoxicity data should be considered along with
other pertinent information, including extent of
human exposure and dose-response relationships, in
line with other toxicology end points. A weight of
evidence approach should be widely applied that
considers genotoxic exposure (e.g., reproducibility,

presence of cytotoxicity, corroborative data between
studies evaluating the same end point), the relative
potencies of these responses (by chemical class and
type of damage), as well as the route, magnitude
and duration of human exposure. When available, the
weight of evidence approach should also integrate
information on mode of action (e.g., presence of DNA
adducts/strand-breaks), metabolism and tissue con-
centrations in vivo, and tumor-related response such
as relevant non-neoplastic and preneoplastic lesions.
Moreover, whether the genotoxicity observed with a
given chemical is a key event in the multistep process
of carcinogenesis and the role of other key events (e.g.,
regenerative proliferation, mitogenic stimulation of
preneoplastic foci) should be further evaluated in case
of tumor findings.

Protocols need to be improved to reduce and possibly
avoid the generation of artifacts and the unnecessary
and extensive use of animal studies and resources, to
minimize extreme high dosing conditions that would
never be achieved in vivo, and to incorporate dosing
conditions that are more realistic to human exposure
situations to enable better extrapolation of the results.
A collaborative effort was suggested to compare the
results obtained with different cell types (e.g., primary
human lymphocytes versus cell lines), to evaluate the
limits of different cytotoxicity measurements in vitro,
to re-consider the rationale for the selection of the top
concentration levels (e.g., level of cytotoxicity, pre-
cipitates, and 10 mM limit), to review data obtained
after short- and long-term exposures, to reconsider
the metabolic activation in the in vitro systems, and
in the case of in vivo tests to develop the possibil-
ity of evaluating multiple genotoxic end points from
the same treated animals. This could be accomplished
by examining existing databases, private and public,
and by determining if certain assays could be elimi-
nated or substituted. It is likely that some experimental
work would be needed to obtain the information
needed.

The appropriateness of non-linear low dose-response
extrapolations for both DNA reactive and non-reactive
carcinogens should be further evaluated. A white
paper should be prepared to examine the scientific
validity or lack thereof of the low dose linear extrap-
olation for genotoxicity/carcinogenicity. Moreover,
guidance should be given to clarify the acceptable
approaches to define dose-response relationships, and
to establish the existence of non-linearity. The devel-
opment of uncertainty factors for establishing the
“thresholds” or (semi) quantitative estimates of levels
of concern was suggested.
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The workshop participants stressed the importance
of developing a risk-based paradigm for evaluating
genotoxicity data that incorporates dose-response and
human exposure information. Specific needs were iden-
tified in two general categories, i.e., improving testing,
and improving data interpretation and risk assessment.
Recommendations to improve testing included (1) re-
examine and evaluate the maximum level of cytotoxicity
currently required for in vitro tests; (2) re-examine the
current 10 mM upper limit concentration for in vitro
mammalian studies; (3) develop improved testing strate-
gies using current in vitro assays to more reliably assess
genotoxic hazard and predict carcinogenesis; (4) define
criteria to guide selection of the appropriate follow-up
in vivo studies; (5) develop new and more predictive in
vitro and in vivo tests, that could ultimately be used
in addition or in replacement of the current models.
Recommendations for improving data interpretation and
risk assessment included: (1) examine the suitability
of integrating threshold concepts in the assessment of
genotoxicity data; (2) develop a structured weight of
evidence approach for assessing genotoxic/carcinogenic
hazard; and (3) re-examine in vitro and in vive cor-
relations. Additionally, the participants identified the
critical need for support and coordination of an inter-
national collaborative effort to address these issues.
The HESI subcommittee will facilitate this coordina-
tion, address the recommendations of this workshop,
and identify specific research projects that will facili-
tate the development of a framework for the integration
of in vitro testing results into a risk-based assess-
ment of the effects of chemical exposure on human
health.
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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. 2 X{L&HDEER

B " A& CAS £k ()
Dibutyltin dichloride 683-18-1 10,000 - 15,000
Dibutyltin dilaurate 77-58-7 1000 - 5000
Dibutyltin maleate 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
Dimeothyltin bis 57583-354 | 5,000 - 10,000
(2-ethylhexyl meroap-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 meroap-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-ethylhexylmercap-acetate)

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

Mono-octyltin trichloride 3091-25-6 1,000 - 5,000
Mono-octyltin iris 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

High ; ORTEP Association. 2004. Global production data
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Table2 7 x=/L A X{LB¥IT & 5EFEE

MHEA Lkt 5 #h5a BE5EH ERR AR ¥*¥
TPTH Sharman 7 » b 100-200 ppm 64-238 B B0 (R Gains &
L A£TFERO D 5 AHER Kimbrough (1968)
G Lk ed
TPTA Holtzman 7 » b+ 20 mg/kg 198 ;O (RAT) Ly x Pate & Hays
TPTCL T RO R R (1968)
TPTA Holtzman 7 » + 20 mg/kg 208 ;0O (R 1 TRk iB TR o R Snow & Hays
TPTCI (1983)
TPTA ICR/Ha Swiss 2.4-12 mg/kg 1B A EEEEREAL L Epstein et al
B 6 mglkg 58 HHED TR L (1972)
TPTH 1.3-8.5 mg/kg 18 EEER WEHEREERL L
11 mg/kg 58 LD EHEEFEERL L
TPTA Holtzman 7 » b 20 mg/kg 4-24 B #0 (R 1 BLEAIRRa B Newton & Hays
TPTCL 1 IRk o P i3 (1968)
| s
TPTCI Wistar 7 » b 4.7-63 mghkeg iR 03 B D | ihrm, [ HBIREE Ema et al. (1997a)
12.5-25 mg/kg 4R 4-6 A SR O | EdREe
TPTCl Wistar 7 » b 4.7-6.3 mglkg AR 03 B MmN L R PR A P L Ema et al. (199%)
|7 e ¥ 2Fa
DPTCI Wistar 7 » b 16.5-24.8 mp/kg iR 03 A o4 ) | pEfRae, A AATREFEL Ema et al. (1999b)
LB RiEE
333 mg/kg YR 47 B LU Aa) Bl L, 1AWE@EEC
DPTCL Wistar 7 » b 4.1-24.8 mg/kg iR 03 B HE R | FERBREERE Ema & Miyawaki
lmWFaFzFar (2002)

TPTH: Triphenyltin hydroxide, TPTA: Triphenyltin acetate, TPTCI: Triphenyltin chlonide, DPTCL Diphenyltin dichloride.
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BRAMICIE. L DPTCHZ A LB 2 3 & Z L, K
MOBEGIHFRPREFREROBS L0 LIEANH
CBBT A EBHLNICRo. HRO3BOFRE T
HDPTCIORIL G TH HTPTCIH4.7 mg (12 pmol) /
kgl b CHRATEEIEER 27T, A5 RO
IZk Y, TPTCIO{EAMDPTCIEL Y bRV 2 & 23 & e
72T, DPTCLE 7= 3% O KRB MTPTCIO & AR EE
AOoREHE TH 5 UEERENnEEZ RS, L
Lizdsh, TPT{LAMIZDPTCIZ#®E L7 » FORFT
ERENLT 0T, BE5SNEDPTESHO—EHTPT
ELTHSEREZRERALTWAEEEMDH Y, DPTOE
RO D LA ERTALERHD. TPTE
DPTIC kL 5 4MBHOERFALMIL, TOREME
FHOMITAEDICRELIHREETD.

DPTCID T HHRE I o1 2 BT SO TREIR 7 » b
FRAVWCHRE SN TS, Wistar? v b OBIER0-3B I
4.1, 8.3, 16.5, 24.8 mg/kg®DPTCI% 38l#E 05 L=
FER, 165 my/kgbh O 5T E BB E R L O I,
BIHRAE R UOROME T o4 A7 o OET HEHES
nic ™. thoOREERT v FOERO-3IBICRSE L
1o b X ERATEBOE R A T R TH Y. Th
OB, DPTCIR 7o AT ART 2845 TERN
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ROBREREME2EE L, ZhbBDPTCHD L 3 H5E RRFERBOSGRBRCOT S —HML BEL =
PREOCERTHLZLEZTRL TV, DPTCIOFEA TORMOEREDEERB~OXELBRIATH
PR R b B O ERPR B VE R Iz 3 B Rk L& 3%, ZOEBTIIREECROCEEBNDE IS mgy
DIERZRI L= L 25, DPTCIAX 5 2 =R HIKH 5 o kg THLNIEDE, ROFEIWTHLORERETLES

MBI FEREBE(R o RATFar bR by ENiphoi-.

DERETHEHFINEY. F7-, 165 mgkglh EDDPTCI SD7 v hiZVancide KS (TPTH) #3&HIZE 0S5 L
L7uFATa kARG LIET v b OFIRERE UH FE TR, ER1-TH 020 mg/kgf 5 T 2wk IR O 840
REIIDPTCIZ IS L5 v R LD b BWhot=. = FHBNahoTlch, 1THRE-140 D15 mgkgDIFE Tl
NoOFERM S, DPTCHT X 5 F 5 PR 1L o i 6BEP2BET LAERMBoAT, TIRI4-20F D15
%, i LLESETE, BRAAEVENLTERY, mgkgDE G TiroREFIRECEREB LN Z LM
Fuf AT 8 IDPTCHT L 5 FEME X2 - & HEZRATWEY, LivL, Z0oEBTER LB
BRI, e, EBRFEOHELWRERZIA TN, 1T
#R6-158 ™SD7 » MIZTPTH (13 mg/kg) # MHI&E 0%

3. ZxZIAXtEMOREHNE B L=RBRTix, REESEMIMH K %% IEE T OB

Table 3I27 = = VR XL EVOREBMERB O R L MABRED L, BEBELEEREERCEKRET SR
RLT. #ER6-1SBDSDZ v FIZTPTA (5, 10, 15 mg/ EOBEMESL LN, TPTHIZL AR RHFEORE
kg) ZMBIENRE L-RB T, 10 mgkglh TR (£ 37 3:15°% ha
WEHEMME], 15 mgkg THREIEIELT OHM, 5 mg/ Wistar7 » F OBEEREICTPTCIX M ENBE L
kgll F CHRROB{CBEDHMABMBEIA TSR, B TERBRTIE, 87 v FOKE L BEROE T HER?-9
O BRENEIRRT IR ERTLHEFFIEIRH X H®3.1 mg/kgll b, #E4R10-128 E£ 7= (24E4R13-15R8 6.
nTWRWY, FERZ, IEET-178 OWistar7 v h~D 3 mphgll ETAHBNE. FREKEETEO LRI TR
TPTA (1.5, 3.0, 6.0, 9.0, 120 mg/kg) o 3£ 0 & 7-98 6.3 mgkghl b, 1EIR10-128 =12 4F4R13-158
HIZLY, 90 mgkgbh L5 CREEMMME, *F D94 mgkgll ETH LN, BEEMRMOEBVEEIZ Y
KERECEDO LARUVKRREOBLEBERALATH EEFAERBR BRRTHEAMN L o0, S6ic, &
5%, BEBHEBDH LA TVRNY, TPTAD AR #R10-12B ™12.5 mg/kg E 7= (21EMR13-158 09.4 mg/kgL
BREZLIROEBOITHELLME XN TVW5, CFY ECEAEERRSED bR, WThoRs R RUE
7 v b OEIR6-14 B i26 mg/kgDTPTA% MO 85 L ERTHLHBBROBIERD LRIZH LA TV,
lefER, 87 v MR BRI i 28,
B B RES O — BRI E OBEFLRT O o L]
PEBENTNSY, EIR6-20A IZTPTA (4, 8 mg/kg)
ZHE OB S L Tokai High Avoiders (THA) J » b
DR T, ¥ FvrEBEERBCOEEBRSE, ERX
Table3 7x=ARX{EEWIc L EREBME
BEE L oLk Z5& ®5 B B5RKE ERRERE ¥E
TPTA Wistar 7 » b 5-15 mg/kg ¥R 6-15 B fL )l 1a] T HFEEEFEL, | R R{E  Giavinietal (1980)
TPTA Wistar 7 b 9-12 mg/kg $ER 7-17 B EAED T WERBEEC, | AR Nodaetal (1991a)
TPTA CFY 2 v } 6mg/kg iR 6-14 B Lot el TE®RRELC, Lehotzky et al

T ROERED (—i#it) (1982)
TPTA THA 7 » } 4-8 mgkg ¥4R 620 B MmED | RO%EH® Miyake et al. (1991)
TPTH SDF v}k 20 mg/kg ¥R 1.7 B Lt e | iHiR® Winek et al. (1978)
15 mg/kg $H4% 8-14 B D | WEREHEL, | BRkE
15 mg/kg 3R 1412 B HmHED RAE

TPTH SD7 b 13 mg/kg iR 6-15 B MmO T R BB Chernoff et al.(1990)
TPTCL Wistar 7 = b 63-125mgkg SEHE 79 A HliE D | AFEEEFET Ema et al. (1999¢)

9.4-125mghkg  ¥EAR 10-12 B -13-15 B

M D T FEERET, | BREK

TPTA: Triphenyltin acetate, TPTH: Triphenyltin acetate, TPTCL Triphenyltin chloride.
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4. TFNAX{LEHOETEHME
41 FUTFIAX (TBT) QOEMENE

Table 4127 F A XA O ERBEMERBOR R 2 T
L7=. BEICR<= 2 AIZTBTO ( 2, 10 mg/kg) Z2[E/HD
M TARMMBE NS L 25, MTFORLED
0 Y MO ZERA R b TVWEY, Wistar7 v
b D2 R R BR IZ B30 T, FODEEAROR 225
FIOMILET, X6I2%KAT, &S, RS, BT
il U CF20 4 #91 B £ TOtributyltin chloride (TBTCI:
5, 25, 125 ppm: 0.4, 2.0, 100 mg/kgiZ A ) OEMH
BEIZLY, BREHTA2EEAGESALTVEY.
125 ppm®F1 R UF2HE CHERMABINH S h, BRET
B RO BERIET, FTHRECHFEROBLB125
ppm THHT. & 61T, MIEATIRERET R ORT
FRa M ASF1 0125 ppm, F2025KRUN25 ppm THRE S
u, F2tbflo i+ 2 BB FIR L D b k&2, M
WA FTA—NOETHI2S ppmTHLNIZZ LA
b, EELITIAOOBELET o< —EMEIC L5
WThY, TBTCIHHET v MW TBWW T reF—E
MHEIEFE LTHERALTWS LT D,

RO BRIz AR T v b~ O EEH

Tabled 7 FAAZ{LBWIZL HERMENE

HEXN TS, 125 ppm OFOR UFIEBHIZE W
<, BERR 0RIE, MR MOELN, R o E M, R
REBRBRCERMGROEBETARBESA TS, ITMAE
RZSEERIEERE (AGD) OREIC L HHIEM® (X, 5 ppm
LLEDOFIO4%IB, 125 ppm®F1O A #4 B B OF2D
E#%IBRUYE TR o, ZhbORER, £EICb
7= ZTBTCIMREEAE T o ~ OMEFA & ARG I RET
HAREM AR L TEY, ¥ELIIMDAGDERIITBTCI
OBERE TR L TVA ERATVE,

YR 0 B 3T i DVERF I w4 A TBTCIOD EEIZ DV T
Harazono & (1996:1998ab) “ ® *)_ Harazono & Ema
(2000) *® (L OWistar7 v FEBAWTHELILR<LR
T35, fHE0-7BICTBTCL (8.1, 12.2, 163 mg/kg) %
WMEEARE LEE DA, 122 mykgth ETCREED
M, 8.1 mgkgid bk CEMBIETAL LR, HEK
PR (L RHATEME D B B =122 mehkell ETRB SN
=%, HEROM Y Lk WV TR EE, FEEK
MIESE -3 I TBTCID B B 8 bz b o =% HEIR
FEMTBTCIE D HOIZ L 500y, FHEOEERETIC
InbbaNtRBFRBICID2bONEHBTDIL
Wiz, =T - 74—F4v¥ (PF) REZ{TocE

E % i LS @58 # 5 ER AERR AT E 2]
TBTO ICR= A 2-10 mg/kg 4 MW e O | W7 EmaRds Kumasaka et al
(2 [E1/380) T4+ b Y fkazeiaik (2002)

TBTCI Wistar 7 v k 25-125 ppm 2 thft o GRED | SR - WO B R Omura et al. (2001)
| g FaERalk, | M= b7 CA—
| HER o IS

TBTCI Wistar 7 v b 5-125 ppm 2 i go R L A&RsSH®E | EK - ROKE Ogata et al. (2001)
L EEBR O, 14 AGD
| R R

TBTC] Wistar 7 b 122-163 mghkg #E8E 07 B HRED | iR Harazono et al.
| B 'Rk E (1996)

TBTCI Wistar 7 » k 163-32.5mglkg  SEBR 03 B | EE D | tEiReE, | RSREE Harazono et al.

16.3-65.1 mghkg #F#& 4-7H SRR O @E, 1 EEELRES (1998b)

TBTCI Wistar 5 v b 163-325mgkg  tAFESR 0-3 B aHED | FE PRI AR Harazono & Ema
L7 odf AT ms (2000)
T WA b7 PF—n

16.3-65.1 mpkg fAHEHR 4.7 A HMEN | FE PR

| MRS FATOY

DBTCI Wistar 7 » b 76-152mg/kg MR 038 - 478 RO | iR Ema & Harazono
1 BHAEGEL, | KR ER (2000)

DBTCl IRC=¥ 2 76-30.4mgkg HEHRO3 B 478 MHED | ifE
T FEATEIEE T, | BEEE
|m#7eFRr7o Ema et al, (20072)

DBTCI Wistar 7 » 76-152mghkg fAHENR 03B -47 B8 HEHE&ER L FERBB SR L Harazono & Ema
| mRF o rFow (2003)

MBTCI Wistar 7 » b 903 mg/kg i 038 478 BEED | R GE Ema & Harazeno

(2001)

TBTO: Tributyltin oxide, TBTCI: Tributyltin chloride, DBTCL: Dibutyltin dichloride, MBTC: Butyltin trichloride
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5, TBTCIHY S B ORI FEITBTCIEOLOIZL 5 %
DTHY, BEOREBRBICLAHLOTRINT AR
N, wiz, TBTCIOREEMIC L 5 KB ~<2 7
WIZIEIR0-3B124.1, 8.1, 163, 32.5 mgkg & -itiTtR
4-THIZ8.1, 16.3, 32.5, 65.1 mgkgx®HilEn#E L7
Fa e, HEIRO-38 ™16.3 mg/kgll kB UHEIR4-TH 065.1
mg/kg THEMRSE DK T B B ARATIESE = D038 &
NE®. i, EIR4-TE 0163 mgkgbh L DB 5 T
FREREECEOLABBEENE. bR,
TBTCHZ & 53 RICH 3 5 BRBILHR S LI iEiRme ic
LORRZY, FRINTHE L g REESY, #
FRHREURRERICHRE Uiz L XT3 ER LED AR
ICEREERIET L AR LTWA, TBTCHC L 2 #5
PEFOCEERZW~<2-HIz, FEHMEICTT S BEH
AIERT v FERVWTREN STV, BIER0-38 D
163 mgkgDi@HEN# 5L, FEERET (FE
PO BE AL OMi) R OMAITRS B R U9 o i§ &
TufR7Fa OETFTHEBD ALY, BEELTED
16.3 mg/kgbl EOEEIZ L 0 BAIFRIR Omih 7 o 4
AT yOETHEALNE. BFES v FOFEERIE
TRUETn S AT o ARTE3I &R ITHRERD, TR
7y MZBWTEKMR UEREDEEL £ 2+ 58
ER/LFALThHo. ZhbDEBRRERL, TBTCHIT
ENMOBEBACME & 7 e A 270 RT3 &k
L, ZHEMTBTCHZ X 2 FKMAEOER L 2oTWA
ZEETHML TN, -

42 DTFIAX (DBT) BRUE/FFIAX (MBT)
D

Fyv FZEE ENETBTIZDBTRUEE ) 7F LA X
(MBT) icfit&h, F7/-#5 Xn/=DBTIIMBTIZ £
BN Y TBTOAMMEMREICI T 5dibutyltin
dichloride (DBTCI) ®##]|% #Et4 572 Hiz, DBTCID
YRR AR S B UMERR I X 5 BT DV T Wistar 7 b+ %
AVTRR6NATWE®. #E4R0-38 7= (2ER4-7R Iz
38, 76, 152 mg/kgZ MHIEOHEE L=, 3.8 mg/kglh
LCEEROETAMBEN-0H, PFREZRITE. T
BR0-38 DF 5 Tix, EIREILT.6 mgkg THBREL 0 E
< 152 mgkg THBBERUPFEL Y LEMo 7=, #
&S T R I12ITIRA-TH 7.6 mghkgll F CRHBEEE O
PFREL YV bW ok, ZhboHMEMNL, DBTCHUC
LHUMEOHEC IFEROCETFIZ L 2RETIIAL,
DBTCHZ L HEENZER THL L R LS. FIHIE
DECEEAZ L 6TRLEVDBTCIORERIL7.6
mg (25 pmol) /kgTdh 7. DBTCIOH{LEHDTBTCI
{£16.3 mg (50 pmol) /kgll LD H{E THEKEEES FE
g%, DBTCHITBTCIL b HLEWHRE R CHMED

ET LSBT Z M6, DBTCIE ik F 0B A
TBTCUZ L HEETCDREME TH LML S,
FRPME %5 &2 - T#5 BRODBTCI X & 0 5 L
BIERT v TR, 7uf AT o BT 3E
PEEOBREBLIF AL 5N, 7nFrForoigs
L0, Lad L Lok, DBTCHZ L 3 KA E
BHEEIAEY. ZhbDZLiiToFRATFa L DBT
BDBTCHZ X D KA EDOE—~DERTHS = L kmm
LTWa. Wistar7 v b OIFHR0-3 8 £ 7= 12 1E4R4-7H I
903 mg (3200 x mol) /kg @ butyltin trichloride (MBTCI)
FEHEORE L THRERMRUEREOHEE-RD L
REBOoNRNo1™ Z b, MBTCIZ EZED
REMBTFNAXI L D EFAEOFREMETHS L
EZED. RERESOBETRECS o #2750 vE
T#bH7=5TDBTCHIENHEE TTBTCIL b L2 &
i, TBTCIIZL B Zh b OB KITDBTCIAES LTHD
ZEEFBRLTVWSD. BIEIR0-38 (ZTBTCI % #5 L7
LEIZROECR b T UF—ABET LES 22, DBTCI
DERETCRIOLIRETRBEES Aot b
5, TBTCI&DBTCID SRR IC RIF+EREBOMFIL
R2oTWHFEBEMELHD. JIRZ D TREOASW
FIZXT HTBTCI L DBTCIDEEIZ >\ T 1 E A2 585
ZETDH. Ef-, ICRY 7 AIZDBTCIZ HEE 05 L
THKRMEEFFEAIRN S, $24R0-38 304 mgkgD
BHIL X VIHREDOE T RUHFHATEET L0 L], T
#%0-3 A ™15.2 mg/kglh bR UEHR4-7H 7.6 mg/kglh b
DREIZLY FRERECEO LRABH AL, 1T
BR0-3 B =7 114E4R4-7TH 12304 megkgd B 5 L L &
i, BiRZ v PP T o 2T o OBTHELLNTE
ZEmb, vURICBITADBTCHZ X AR EERIC
BWTHLT e AT o AETFTHERER-THEY, Fv
b & RIEROBFIZ LV FRAEYDER X h 5 TEESNR
=¥ gt

5. TFLNAX{LEHORE M
51 ZFFIARXDin vivoR4 B
TFNAZXDREBIERBROFER 2 Table SIZT L7
TBTODRAEBMEIZDVWTR-IRARTT v F2BINT
WME SN TVA. NMRI= 7 2 DiTiR6-150 IZTBTO%
MEEORES L X, BEKEETEIZRE-TRY
EWHEERIZILT mgkgTHY, 35 mgkg TIRINEMS
S59%DHETHON, BERREELBREISATHE™.
AZEZH1.7 mgkgTT%, 35 mg/kg TARY% DR CTHlE
EhI=H, Davish (1987) ™ %, O EFITBTOIZHES
EMRERTHY, TBTOC L ARATIH AV LR L
fo. Swiss ¥ U R OiEIR6-158 IZTBTO* MBI & 0 5
L7cEBTiX, 40 mghkg TREGERCE RARET,
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Table 5 7 F /R ZLESENC L HRERE
L) | NEk 4 g #5E BEER LRMBERE ¥&
TeBT Wistar 7 7 b 1832 mg/kg ¥EiR 13-15 8 MEER | OER Ema et al. (1996a)
TBTO NMRI <% 2 11.7-35mgkg  $HE 615 B MamED TIE%E’:FETZ. LERER Davis etal. (1987)
Il=E
TBTO Swiss ¥ 7 A 40 mg/kg Wik 6-15 B MR T ARIEEEIET, | MR Baroncelli et al. (1990)
TBTO Swiss 7 7 A 10-30 mg/kg 11ig 6-15 A MmN | AN, | EEE Baroncelli et al.(1995)
FEARMM oE L, | ERATBARTRE
TBTO Swiss 7 7 A 5-20 mg/kg YHE 615 B HWHED 1 FERROOEFHEL Karrer et al (1995)
TBTO HaNMRI <272 27 mgkg g 6-17 B MEED LIERER T OER Fagqi et al. (1997)
Hﬂ@i
TBTO LongEvans 7 » b 2.5-16 mg/kg ¥14E 6-20 B MmiEEn | R R Crofton et al. (1989)
TR, | HEERSENED
@O, | MER | RER (—i#)
TBTO THA 5> b 5-10 mg/kg GEIR 620 B MWD T4REFEC, | ¥BRE Miyake et al. (1990)
TBTA Wistar 7 & b 16 mg/kg YRR 7-17 B MMED 1 MREEET, | DER Noda et al. (1991b)
| B BT
TBTCI Wistar 7 > b 5-25 mg/kg $EIR 7-15 B MmEn T EREEET, | BRfE Itami et al. (1990)
TBTCl Wistar 7 » b 25-50 mg/kg $I4R 79 B IMmAED T AEREEIET, | M RAH Ema et al. (1995a)
50-100mghkg  $EHR 10-12 A MWD 1 MR, |EREE [ OER
25-100mg/kg  SEME 13-15 A MWED | MEEE T OER
TBTCI Wistar 7 & b 100200 mgkg ¥ER 7-1S ED1H MWEED T HREIEIET, LBAREE Ema et al. (1997b)
T OB (GHE 8 11,12,13, 14 A D#S)
TBTCL sDF o b 02520 mghkg  $E4E 0-19 B MEAED  TEKEEERET, |BIEE Adeeko et al.
TEEAGD, | BRREL (2003)
| mi#Faxw . h)a—FKFo=r
2.5-10 mg/kg ¥HR 8-19 B | miEFox i
TBTCl SDF v b 0.025-2.5mg/kg IR 8 B AL EERL MEED | FER - MR - MeSRINE Cooke et al. (2004)
| s LTF= FUFUIEY N
l7i%9—¥ -Foxiv
57, =Rl W ok S 4
TBTCl SDF w k 025-25mghkg (HREEB B G mmeEn 1 Jﬂisﬁ 1 NK KBA# Tryphonas et al
TIgM - IgG, (2004)
TREVBT U > -8R¥E, | 1gG2a
TBTCl SDZ > b 1-5 mg/kg TR 6-20 B WmED T BREED Gérdlung et al. (1991)
L i e e DR AT R0 R AR
Td-Tr7=# I X HERLE
TBTCl Wistar 7 » b 40-80 mg/kg VIR 78 B HWED THFEEEC, | BLFE Ema et al. (1995b)
TBTCl Wistar 7 v b 54-108 mghkg ¥R 13158 MEED | BREEE TOER Ema et al. (1996a)
DBTA Wistar 7 b 15 mg/kg tHE 0-19 B mWPAED 1 EEEEEC, |IBEEE T THAY Noda et al. (1988)
1E0S - HH, 1 HBER
DBTA Wistar 7 > k 5-15 mg/kg TR 717 B MEED [ HAEEIEC, | BREE Noda et al. (1992a)
T FHR - TR - @8 - &8
TRAY - WRRUHROFH - RIEER
DBTA Wistar 7 » b 15 mg/kg $E4R 79 B MWWEED T AREEEC, |EREE Noda et al. (1992b)
] 22 mg/kg tER 8 B WMED [ THR - TER - ERE - 59
TRAN A RUCHAOFE - TRAR
DBTA Wistar 7 v b 28.1 mg/kg YiiR 8 B Mk 1B Lo Noda et al. (1993)
DBTA Wistar 7 & b 10-22 mg/kg iR 8 B WmpEn 1 ELOFE Noda et al. (2001)
DBTCl Wistar 7 & b 5-10 mg/kg iR 7-15 B MEED TARKEIEC, | BREE Ema et al. (1991)
T FHH - nEHN - 46 - WE~L=T
TREY - hERUHER DTN
DBTCl Wistar 7 » b 20 mg/kg CE4E7-9,10-12,13-15 B MEED | MIBHKE T ERERERC Ema et al. (1992)
1 ELo#FE (3R 79 BEoRE)
20-40 mg/kg #H4% 6,7,8,98 WEMED | MREE TWREERETC (R 67,8 BOkE)
1 B Eo#R (iR 7.8 EORYS)
DBETC1 Wistar 7 = F 24.3 mg/kg IR 8 B MAER | ERGE T THR - TER - TH8 Noda et al. (1993)

TEH W=7 - WERUHER O
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DBTCl Wistar 7 & b 10-15 mg/kg Y24 78 B MWEO | EREE ToER Ema etal. (1995b)
DBTCl Wistar 7 » b 50-100 mglkg  $E4R 13-15 B WHAEO | EREE Ema et al. (1996a)
DBTCI Wistar 7 » b 1-10 mg/kg $TiR 6-15 B MMED EE2L Farr et al. (2001)
DETCl SDZ 2 b 15 mg/kg §T4% 6-15 H wWEn |EREERE T HEEREEC Thullen & Holson (2006)

TABRE - THAY - 7R - MIR - 0XW - THE - BF
DBTCl NZW o4% 5 mg/kg $EiR6-19 WEED | BREE T HEEREREC Thullen & Holson (2006)
04-10mgkg  #HE6-28 8 MMEO THE
DBTC h=24¥n 25-38mghkg  §E4E20-50 TIA(ER) T HREERT Ema et al. (2007b)
DBTM Wistar 7 » b 27.8 mg/kg EiR s B AMEn | THER- TER- 648, Noda etal. (1993)
188 - E~n=7 - WRERUCHEROFK
DBTO Wistar 7 » k 19.9 mg/kg 4R 8 B MAEN T RELo#Fk Noda et al. (1993)
DBTL Wistar 7 o b 50.0 mg/kg iR 8 B MWED 1 ELoFE Noda et al. (1993)
3-OHDBTL Wistar 7 > b 100 mg/kg iR 8 B MEED | BRGE TRATH Noda etal. (1993)
MBTCl Wistar 5 » b 50-400 mghkg R 7-17 B EWERD KSRkl Noda et al. (1992a)
MBTCl  Wistar 7 & b 1000-1500 mg/kg $E4E 7-8 B BMED | ERER Ema et al. (1995b)

TeBT: Tetrabutyltin, TBTO: Tributyltin oxide, TBTA: Tributyltin acetate, TBTCI: Tributyltin chioride, DETA: Dibutyltin dincetate, DETCI Dibutyltin dichloride,
DETM: Dibutyltin maleate, DBTO: Dibutyltin oxide, DBTL: Dibutyitin dilsurate, 3-OHDBTL: Butyl (3-hydroxybutylJtin diaurate, MBTCI: Butyltin trichloride,

BFECRO ERHBH LN, BABEZEDLATY
?:r“?s).

ROEBBERICET R T, 1T4R6-15A DSwiss
77 A~OTBTOD MBI O EIZ LY, 20 mg/kghl
TREDPETRCROERE, 10 mgkgtl TR~
ADERITHTER, 5 mgkgll F CIEAERK, stk
HMoEANRBO O, ROFHIIEBIh T2
™. EMRIZ, Swiss ¥ 7 2 DIER6-15B IZTBTO (5, 10,
20 mg/kg) ZEEHIBO/RE L2 5, REMPIZHGR
R EFRZEl, RREVCERBEROETAED bl
™. Han:NMRI= 7 A O4E#R6-17 B 12 TBTO % 3R O #
G LIEEZBRTIZ, 27 mghkg T11.4%08EE TO R
REN, HOKRRTIIRESH, PIOKRTES 5
PIOE R THRERES V4 6N, 13.5 mghkgll FoD
BETHIBARUKRICHTIBRSEIED Lo
™. F vy hEBWERR T, $£#86-208 IZTBTO
(25, 5, 10, 12, 16 mg/kg) ZMHIEDH 5 L Long
Evans7 v b & B S ¥, HEROREZW <=L -
%5, 10 mg/kgll ECRERMNIME, B, REBERV
ARIARUIBOREGROET, 12 mgkgTI%D M
ETRER, 10 mgkg TRMOBE, £2TORSERTE
BRI4RDROEBHETHBMBEIATNE™, T/, iR
6-208 IZTBTO% &I N5 L/=THAT v b D IR 12,
10 mgkg TIRAEHIBE TIZTSTELEL, 5 mgkgTiE
Vv EBFEERR, ERAERBREETRBOVGEHRE
B2 EREPEE STV,

Noda®> (1991b) * (%, #E#R7-178 OWistarF v ki
tributyltin acetate (TBTA: 1, 2, 4, 8, 16 mg/kg) %
BAFELEZLZA, 16 mgkg CTFEARERUDEZ

DFFERM, BEBEBRAA LN, ZORSRTIHEHE
HLEHEOF LWVET, 4 mphkgtl ETIHIES v b
MBREROETRALNL L HE LTS, #5i, =
DEBRTERB SN RO ILDaivis5> (1987) ™ iz
LVEESNELOLAKRTHSHZ L5, TBTAICK
SBERNLREB TRV ERER LS.
TBTCHZ W T BRI LS FE SN TV S, Wistar
7 v FOEIRT-ISAICTBTCIZ @B E n#E5 L= L =
5, 9 mghkglh ECREEM, 5 mgkglh ECHBEOR{L
BERHZ LN, BEGHIIBBEARI-EY, =
DEBERELVELLWRS DI, BEERME
=A% LT, $EIR7-9R 1225, 50 mgkg, 1THR10-12R8
1250, 100 mg/kg 7= i34E4R13-15H 1225, 50, 100 mg/
kgZWistar7 > b IZHBIBOES L CREBELRML
. BEBIZh DT REERMNMEBED S,
WA CERO ERL, 1EHRT-98 D25 mgkghl F R
UHESR10-128 D100 mgkg T & & 417 3%, #E4R13-15
AOHRETIZI0 mgkg THRD bledot. EEE
M IR I AEHR10-128 ©50 mg/kghh b & UHEIR13-158 @
100 mg/kg TH G-, A IRD BEMEE (21EE10-12
A ©100 mg/kgl *4T8R13-158 D25 mp/kgll L T LR
L, BRIV RLBEE CREINE. Zhb0RRIL,
TBTCHZ X SR AR REFOEORERKEICL-T
£7:Y, TBTCIORAFEIIIEMBRENHI - L 2
LTS, BHEBHEOBEMEEICELLASLED
IZ, WistarZ v b OBEHEMOVTIA BIZTBTCI %
REENZSE Lok Z 5, TBTCIDRAFMED RBBIEE
IF26ME AR L, $EIR8A 100 mgkgll F, $EIR11E,
128, 13B £7/21314A @200 mgkgD# 5 THEFHD
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RBMEEN ER LY. SDT v FO#EIR0-198 (0.25,
2.5, 10, 20 mgkg) E£7-i2iEHR8-198 (0.25, 2. 5, 10
mg/kg) IZTBTCIZMHIEO®RE Lt 25, 1EHRO0-19
B D20 mgkgD 5 CREBHMME, HRPET, &
RgEREC R ERRCERERRIBD ALY, Z0
FERIX, ERMMOT v FIRTBTCIA 5 Lz b ¥12.
2 my/kgth £ THEKRBECHREILIET RO LA BRBD
Hif=, &\ 9 Harazono & (1996, 1998ab) @ D #iE
REETHEETHD. Adeckob (2003)™ DRETIL,
WP OTBTCIHR 5B THLHFHBEORERBEED LFHZ
ZHEN TV, 10 mgkgih E TR HEHOB{LBE
NEDLNEL, FECRIORRABRDET .2 #bk
WE I R AL FRBRAE AETREE LTS
AIREMEN B B LR TN A,

TEILE OSSR (BAER) ohE CEESE Y
BETHEAEMBREUCNEMBICKEBYEAD LN
MbEATWAEY, T v T, 1E8R16-17B Hifinasteride
) §T4%15-17 H Aidibutyl phthalate * |2 X 51T L Btk
{b (ROAGDER) TR LB THLZ L2H
LXhTWS, ZHhbDOZ Lit, AGDITHT S EED
B IHRERICH S L AR LTV, L LA
5, 0.25 mg/kgbh EOTBTCIZEIR0-19B 1T 5 Lz &
X IZHROAGDERYRA LN EWIFTR L, 10 mg/
kg CHIEIRS-198 125 L7z & ZIZIZAGD~DEEN S
Lol WHFRRY, &b, 2ERERER
T DAGDIER BB bz L WS TR OmMICiX
FIENH Y, TBTCIODAGDIZX T HHE, T7ibb, %
Sl A RBEA LB T A DICIEE RS E
844, TPTROTBTIXin vio TR FLEEMIAEIZ B W TR
BEMNLTT v Ko Fr2adaEEibse™, TPTC,
TBTCIR U'DBTCliZ b BB E S ARz s T
Fovs—FmpEd s o eamEShTY
A, T hFFTFAAXL (TeBT) &EMBTCHIE F5a-i8
TEEEF type 1 R Utype 2IfEA &R & 220 2%, TBTCIE
DBTCILE F5a-BLBRT 4 /¥4 LR EERIET
% DBTCHZATIZLIRS o -BTEER type 2IC/ERRTIT,
1 RIS o - TTRESE type 12 90HI3 5 25, TBTCLZ
BT A VA LEMET S, F2, ERZEEERRE
idtype 2Ic L > THEE SN D, Zh b Din vioDF R,
in vivo CHlB SN ARRBABMRREMRT 520128/
BEEbhS, BELRIZMAOEERILETHD.

SD7 v b OIEER8 A &6 RO @S = TTBTCI (0.025,
025, 2.5 mgkg) ZMIEOREL, RicbELHESRE
ARBME CHEBORSE LB T3, BED
(R, EOR PRI TR BI%RUEOREER
FHFRRICESIA LT, Rol, i, 7%, i,
B R UWEIR OfR ML FA0AT RIC b RS E B s h i

Mot 25 mpkg CHBOMEF o ¥ ETF, HR
ohir LT7F=, FYIZVEY FRE=IRV T A
{ETF, 025 mgkghl b TR O MR U R o MiRo &
BIET, 0025 mghkell L CHBEOROEET 7 74
N~OEE EROFBERVETAZLAEY. Zh
EDRT v F ORBEFHRBITOVTHSL L5,
2.5 mgkg CHIIREERE, NKHIBL R CIgMOEhn, 1gG2aik
FHZ5N, 0.25 mgkegll ETRAMETHELIGD HEANA
FH b, 0025 mgkg THhTHEENBRBEINL.
Tryphonas & (2004)*? 1%, (€A ROTBTCHIHMER '
Rt IC A 52 5 L IICEEC Y A A ARRRIT A
TARRERICIIODAE, OMROBEICKEEYEAD
LiEtmLTA.

TBTICIZ BT v Mo s Lo & 212k, BRUEBO
ETEUCRAB#MOEN, FUEBREOETERLI
B MBEIRTWHA™ ™, HiR6-200 MSD7 v b
ICTBTCIR BB AR E Lz 25, BHEEESERL
VSR (1EUS mgkg) THEOR OB REEHEM,
AR TOLEHBORE, -7 7=F IV L5ED
ORI E S TV B,

TBTO B2 BY ThH SDBT2 B EHMMIZHRSE L
flExOWBREOREIINTIEENEELAEZN
T \» 5. Dibutyltin diacetate (DBTA;1.7, 5, 15 mg/kg)
ZWistar7 v b OIFIRO-198 ICMFEIED £ E L -/RER,
15 mgkg CRAERHM: MREROET, EHEEBRER
CHERRORBEHEED LABARLN TV, DBTA
(1.7, 5, 15 mgkg) %ER7-170 DOWistar7 > b 1238
BofgELELDA, 15 mpke TRARKEMMME], 10
mg/kgll EFCTHR, FEH, TRE, &R, /MM, BRE,
BERUHBORFEOHE, BEAERVHBRERD
ETHEZ Y. DBTAIL L5 HFHERERAOES
MRS A AR LB o Te = EAHE X h TN,

DBTCHZ 2\ T b Wistar7 v + O 8E TAUH 1230 4R
n#E LTRARERRE STV, ERT-158 0
5T, 7.5 mghkgth £ CRAEEMMIME, HEARET
RUFBREEELE OMMA LN, F, 5 mgkghl
EC/BREE, THEE, €4 HH~1=7, RAH,
THRE, WERVHBORESOFEZATIRED
REHEEDO LAMLALN, PMRESRLEBEETALR
Ot bORERIE, BEBHEORRLRVRERT
LDBTCIOMAHMNRETH - L& RLTVD. —7,
Farr & (2001) '? j2iE4R6-15R 121, 2.5, 5, 10 mg/kg
FE LSS, 10 mpkg TiRAATMN, FERRE
CHBEROETHLZ ALY, BEBEIRDLNE
Mol bHBELTHA. LhL, HFEORARIIAEE
talbon, 262HOKRRERORN, AFIZERS, T
WA BRREERCHEEESABEINTEY, Zhb
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L L] 125 % (2007)

{¥Nodat (1993) *® RUF & 100 190 190 grgrmei- 1510 C
DBTCHL K- TEBEENEFHHLAK TH- . Farrb
(2001) " [ZREEE L EET 5 H 5K T LHDBTCIO
BREFEERBRRALZVERRLTVWAS, BroRBeE
REEDTEZSL L, DBICIOR{ERYE, HEFEERE
VMR OB R BESER I E L IZE-> TV S TEE
255, SDT v b OEHR6-158 IZDBTCI (15 mg/kg)
THEBEORE LEERIIBVTY, BES2 iRk
EE L FREEEC OB, EEEKR - &I, HELE
HHELEESSEWistar7 v F 2 AVWEERTEHES L
TARFHEORBREED LEABLLATINA,

DBTCIZ L 5 A EREOEZ I R~ 5 72 Iz s
mOBREREAVTRABITDA TS, WistarF v k
OEEIRT-98, 10-12B £2X13-15BiIC®E L = 5,
#ERIZEDL 520 mekg THKKIEE - BRERKIR
FEEIBREINES, TEREEORRYED kB IIER
T9BDEETLMRBH O, BEEEMO
WTRPBICEER S L THERAOBZM L W</
LA, HHR6B DRE TREFEIEIL LT, TR
RIZEAF ML RE L, (TIRRB IZMEAFM O BSMEH
BRbLEL Y, HMROBORETRBEHELIRD LA
2ho7" . AR AFIIDBTCIZ RS B 7= 134T6R
T8HICRE L L EiTHhBBEA T LA™ 1M,

New Zealand White 7 % M3E#E6-19 H (ZDBTCI (0.5,
1, 5, 10, 15, 20 mg/kg) Z3&HIEDHRE L85 0%
EOTHOTHAR T, 10 mghkgll FOBRERTHL
WEEBEABO R ), FIRIA ETIIERY
B L2 1R OS mgkgTh T, (8890 & O
HROETEOREEMES L OGN, 10 my/kg TR
SNFLERB TR P2, 5 mgkg T K% IR
CO#NEBEERREAZNEE. ZnbORREL L
iz, #E58&%0.1, 04, 1.0 mghkgd L T—EE250CONew
Zealand White 7 4 ¥ O THR6-28 BIZREIFE QS L TA
AREZIToE T A, 04 mpgkgT3H, 1.0 mgkg T4
DERETRENRS DIH, FEREEETSE, IkIRER,
FRERCAEFRREICHT 2R ERIBD AR DS
fz. 0.1 mgkg THEERUVBRE~ORBRIEREINL
ok TALOFRIE, THVRREBVWTREREE
REHEEOHRBRIZHTIRERREATIL N LESR
BCHREZSTREIINTIBEHEENRIBR TS -
EERLTVS,

A= AFNOBERRM (FE#R20-508) 2@EL T
DBTCI (2.5, 3.8 mgkg) 2 HA#{E L, FHRI008 Iz
BHEEZARLTHER~OEBL W8 ©i1, @
DBTCI S BEH CREAD THI 38 {E BEERMNO
MHERBEROETEAONE. BRAGFRIH
DBTCHRSB TIET L, 3.8 mgkg CRRABEITEN 7.

EFBROKE, BWE, RBE, £k, AGD, BRER
IZEEGDOEEILONT, BRERONE, FBEVEER
RIZLEAREIBD RN, £, RERBICLHFE
MBI NRZhole. ZROORRENDL, V=214 %1
THDBTCUSEEFEMER 2712, BEFBELTE 2N
LiEREh,

DBTA, DBTCI, dibutyltin maleate (DBTM), dibutyltin
oxide (DBTO) R U'dibutyltin dilaurate (DBTL) % (DBT
& LT 80 pmolkg) %, DBTAE U'DBTCI® {3 /1%
1x LTy MM A8 VO AEIR8 B OWistars & b I238
WEAHE L TEORTEMELZERLEY., ThEfho
DBTIZ L 5 HERARIR 2o TWAER, BRALEHF
BORIAKRTHoZ b, Nodab (1993) ™ i
HHERRILI T FALENEELRRRIZ R LTS Lt
~TW5., ¥, DBTCIO EE 2 RBMH™ Th Sbutyl
(3-hydroxybutyl) tin dilaurate (3-OHDBTL) @ fi¢ #F 7
(X% <, 3-OHDBTL (IDBTCIOE#FFEHOEEME ©
e LTn3,

TeBT{XTBT, DBTHE [ZMBTIC {R 8 & 11 5%. £ 1=,
TBTHZDBT B U'MBTIZ {4 8 & 41, DBTIIMBTIZ {{ 8 &
na%Y, FFARLCEHORFEEOREYE L HE
T 58Iz, Wistar7 v b iZTeBT, TBTCI, DBTCIZ 7=
HEMBTCl% I 0 ##5 L T R~0OR L2 W</
N8 TBTCIDMAF T OB Th S 4ER13-158 I
TeBT, TBTCI¥ 2i3DBTCI% #4 L& =5, TeBT it
1832 mg (5280 pmol) /kgT A #H &, TBTCITi54 mg
(165 pmol) /kgll L CO#HRET108 mg (330 1 mol)
kg TIEA M R 24 6 e, DBTCIO # 5 Ti350 mg
(165 umol) kgl b TIEMAEMIBEE Sh 22, 100
mg (330 pmol) kgTHWKREIEIEL, AFHMKREOZR
BHEDO LR IIBO N1, ZhbOERIZ,
TeBT, TBT®/=/iDBTORABM DM X & PRBFEAHL
BipoTWBHZEARLTWS, DBICIOMAFBIED R
2T HILHRT-8BIZTBTCI, DBTCIE 7= ZMBTCl % #&
5 L7-328 T, TBTCID40K T80 mg/kg Tl &R
ORI ER LR, REBEIRBIN L1,
10 mg/kgLh EODBTCI CIXHKEZEFE TR LR, KKK
BERUHFEEERALOER 2 LAM AL LN, DBTCI
DREABEORBAKRAITBICI L (28422 - L ATFgE
nfz. —7%, MBTCIO# 5 Tix1500 mgkg TH F K%
BEIRECERRUHFERRBAED LR IIBD A2k,
MBTCIiZ, #E4R7-178 OWistar7 » b 12400 mg/kg% 3
BEORE LERRICBVDTLREEER VR eSS
BRER2wI ™ hb, MBTCHR T FARX(LEHOR
ABEIIBELTVWRNWEEZ RS,
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Krowke & (1986)" 11~ 7 AR 4 V= E8T, 0.03
ug/mLOBEDOTBTO & Y B LB E S h, #
BHROMEBRVERRORECKEBLRIETZ L2H
L. #5ITBTOD = 7 AR O LIz BAE T8
IR RBEREEFEAI Y LT LAMBEEER
Tk BWELER L, 7y FEFMBEREREMRNT
TBTO, TBTCI, (3-OH) hydroxybutyl dibutyltin chloride
(3-OHHDBTCI), DBTCIE UMBTCIO{ER % L1z &
=%, MBTCILAOFF~=3 = TOHE#A ZLEHITH
a5k B UHBRAERE 2 L CIEF ICBVIRIER 2T L
U0 R ER A DIZ DT, S0%HE AL K RE
A (IPS0), S0%HAESH LG #E (ID50) R TIPSO/
ID50 (PD) %K=& = 5, DBTClL IR/ DID50ME,
B#EOPDEAETL, REMEERLEBNEZEZ LR,
Yonemoto B (1993) 1 [ZDBT® # #F F £ IZDBTE @ b
DITLAERTHY, TBTIMEATME L D Ee LAKEEIE
EREZTRT LIR2ATNS, ZhbOmMEE, m vvelll
FATFARZADDOREBHERBOBR L L&
LTV 5. DBTCIOEAF IR VEBFEIERIZm &S
PEERT T v b O85SHEEL AV TDBTCIO £ IER
BhiThh T3, 30 ngmL TRELEMERPHAES
NAERUINEIEOEE, IRBOERE, BOTRER
UEE 0% LVETA8B0 bk, lEkF 2
WA a7 OIETRUOCBREE2ET HEOHEED LR
DA, 10K%UB0 ng/mL CHEZENRD bz, Al
PRERFLBATE R N i I R N EICB B S . Nodahb
(1994) ™ |Z4E4RS B IZ A ODBTCI (22 mg/kg) %
MR O S L= T v b D24BF M % ODBT &M # T

Table 6 * OiLOFEA X{LEWIZ & HREBE

100 ng/g, FET720 nglgThofbWEL TS, ThH
5 OESRIE, DBTABICHBITL, MRIZkIT 2B ARE
MLy L@m2d o LERLTEY, DBTHRETER
EhBZEETHLTVNEG, £, 858 FO2EHER
3B B REBRE I EARRODBT 25 Ltk O R
A X 0 HIED o 1o GRS (B.SA), ik (9.5
B) RUWIMATEEE (11.58) OREBRMOEERAWT
SFERICLVBEHL B LY L2 A, 85AK
®10 ng/mL, 9.5 D50 ng/mLE U'11.5H D300 ng/
mLCEBERERALNE, FREEERVEERT
RENSSAMEEVISERETHRESH, MIRAVCRERE
NlISEREIcEH LN, Zh6DRERITEY, DBTC
Din viroDRBIZHOREREE L, TORBEEI®RO
RAEBRIZL-TRAEDZ ENHLMNT/RoT. DBTCI
BUHRT w MCRE L & & (124 b A A ORI
KRR, RAEBRESEDICIEs THEOEBEEBETT
HZEIEETAEEZLND.

6. EDEFHOFMAXESHORESNK

Table 612 F DIFOEBA OB EBHERBORFR
#F L7, SDT v b ORECAT2ERM, 22K R CHEIRT I
trimethyltin chloride (TMTCI, 0.2, 0.8, 1.7 mg/l) £/t
{* monomethyltin trichloride (MMTCI, 24.3, 80.9, 243
mgll) ARG L, HRERELELLEZS, BERUR
OEEICEEIIL b/ ho o, TMTCIDL.7 mg/LiF
R UMMTCI™243 mg/LBECAEH 11 A 0¥ EWHOEN,
MMTC17024 % 1243 mg/LEE CA#21 B 0 7K Pk i
DIEENBED ST Paule & (1986) ' 1%, SD7 v
kOEEERT, 12F =217 RIZTMTCI (5, 7, 9 mghkg) #

PEE £58 #E58 HEER AR AT &

TMTCI  SD 5w b 17mgl  ZoRORT 2 - ZEECH  MEMET O (KA | BROPE Noland et al.(1982)

TMTCI SDZw b 59 mg/kg 48 7,12,17 B HErER | A RiEEMMm, | EFRK Paule et al. (1986)
TR

TMTCI THAZ v b 5-7 mg/ke ikdR 12 A AEER | RoFE R Miyake et al. (1989)

THTCI SDF b 5 mg/kg i 6-20 B R D T IR A ik Gérdlund etal. (1991)
TROAT V7 Lviiat HiE%

DMTCI  Wista 7 » k 15-20 mgkg HHE 7178 MHEQ | BRRAE, 1 DEH Noda (2001)

40 mg/kg $EME 7-98 - 13-158 MMED T ek
MMTCl SD 3w b 243mg/ll. ZEEIAT 2 - 2o - MR &0 (RK) | ROFE Noland et al.(1982)
Octyltin stabilizer ZK 30.434 (80% DOTTG and 20% MOTTG) Fagi etal. (2001)
HanNMRI =% A 20-100 mg/kg  #E#% 5-16 B HIE D T BEHREIEET, | BHRER,

T MRS - OBR - W=7
TERRY - FHRER

TMTC!: Trimethyltin chloride, THTCI: Trihexyltin chloride, DMTCI: Dimethyltin dichloride, MMTCI: Monomethyltin trichloride,
DOTTG: Dioctyltin diisooctylthioglycolate, MOTTG: Monooctyltin triisooctylthioglycolate.



