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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 vivo 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 concern (e.g., low,
intermediate, high) for some classes of chemicals
based on human exposure data; in vive 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, areview 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
Sor 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 vivo 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 solutions. 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 10 mM is
justified. The original guidance to use a top 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 tol0 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 vivo mutagens
and/or DNA reactive carcinogens required routine
testing up to the cytotoxic levels used in current
protocols.

o 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 vivo 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 [4 1] 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,
etc.).

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 (datacollection 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 [nitiate a collaborative experimental effort to compare
cytogenetic results between different cell types. It 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 vifro 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-
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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 vitre 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 vivo 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 vive 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. Itis 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 cumrent 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 vivo 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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ARAX LAY OB A TS

itk R
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

1 LS Table 1. A X{L&BOEER
VY B W 4 CAS ARERk (F)
ﬂa AXEAREMRCLND TR ﬁbi_tﬂ E Dibutyltin dichloride 683-18-1 10,000 - 15,000
A4 mo A X{LamisEicthoFTEA X LEdMmE Dibutyltin dilaurate 77587 1000 - 5000
EOFMEL LTHEAZATWS, ZMoH#R X{s Dibutyltin maleate 78-04-6 500 - 1000
. 3 Dibutyltin oxide 818-08-6 | 1000 - 5000
HIIREMEREALTRY, BiA, F¥=FhA, * e T 10584.983 7,500 - 12,500
X I BREA, EEBPERRRAIZL LT, £, REHTE (2-ethylhexylmercap-acetate)
FlELTELAVLRTWA, B2, P 7x=ARX ?""‘Y‘"lnb“ ) 25168-24-5 | Not available
isooctyl mercap-acetate
(TPT) & b Y ZFA-RAZX (TBT) (Z3RSBERRA, #EH Dimethyltin dichloride 753-73-1 1,000 - 5,000
PEERAI S LT, BEAIRREPICLI{EbhTEk. = gm;hsgtm lliil o 57583-354 |5,000 - 10,000
WOHWA XA WIXERE TR BELHEEETDH o T e
D, FILFTFRT A v 7 TEOHBFTRY v—0DE{L%x (i'loocty‘l mervap-acetate
BETBEDIRYELE =L (BVC) FTAT 4y (ooctitia dchlonde FE
DM, KEEML LTEDATVWS. —lOFHA X1k (2-cthylhexyl meroap-scctate) ' '
AMIEPVCORER L LTEA SR TV S, HlA XL e O, N il M
EMOEERETable 1IZTRLI, Monobutyltin trichloride 1118-46-3 | 10,000-15,000
IHEOHEA XS HOLEE2ERIZ L Y FHA Xk !Ego:dlobu“tfltinltris " 26864-37-9 |2,500-7,500
i - mercap-acetal
é%l:iéﬁﬁﬁﬂ@ﬁ:ﬁtﬂgfﬁicfwé &%(‘I Faq Monolfutyel’:li tria 25852.70-4 | Not available
DERLUAOFEA (LAY OBRBE ROREEL, PVC (isooctyl mercap-acetate) T
i Monomethyltin trichloride 993-16-8 1 - 5,
77AT 4y 7 DRERE LTROAERBA X (LA Methyltin Reverse Ester Tallate | 201687-57-2 | 7,500 - 10,000
DKRF~DEHTHD?Y, =, REHFERL LToE l?r(onomelhyltin tris ) 57583-34-3 | 5,000 - 10,000
% 2 DY 5.7) 2-ethylhexylmercap-acetate
;b i};;ﬁiﬁ?’jﬂ&@]ﬁﬁ - fo B \!ﬁ&ﬂi% m@?ﬁ Monomethyltin tris 54849-38-6 | Not available
# P HTBTRTPTAMH S TR, 2FxY, (isooctylmercap-acetate)
H= A—nH4%, FX—24—%"9, 11%, Mono-octyltin trichloride 3091-25-6 | 1,000 - 5,000
S BRUF 27 B SRMERT L BTETOLMR | \pemoemmecapacctae) | o o %0
Mono-octyltin tris 26401-86-5 |Not available
(isooctylmercap-acetate)
Makoto Ema; Kamiyoga 1-18-1, Setagaya, Tokyo 158-8501, '?mmll:: ;:g(l):gj:; ;’Os’ggo. '71526300
Japan; Phone: +81-3700-9878; Fax: +81-3-9700-1408; E-mail: Tin Totrachloride 7646.78.8 | 20,000 - 25,000

ema(@nihs.go.jp

Hi#® : ORTEP Association. 2004. Global production data
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W, a4 RUOHT A= BT 5 ADESIC
LATPTOEHBERBE SN TWD. b FREEDY
BULTHEBAZEZERLTHY, BERAOTBTO] B
mEi14.76.9 pg (19914F) |, 22-6.7 ug (19924F), TPT
»1 B TR EIT4.7-69 pg (19914F), 2.2-6.7 ug (19924F)
THNY, Ef, 1998ED F—FINF ALy FHFARE
L5 BAFAD] BERRIZ, TPT: 0.09 pg, ¥7 ==/
AX (DPT) : 0 pg, TBT: 1.7 pg, ¥7FNA2AX (DBT) :
045 pgt BESATWVEY. Zh b OIZFAOWHOS
FEFBEEMFLMIZLSTPTONE BERE (25
ug)* E Ctributyltin oxide (TBTO) D% 1BMIRHHE (18
pe) P X0 HIEL, WEMPOERA XREZE F o
BIIEREIRETIEE® 2V Y LB 2503
75, Belfoid® (2000) ” i, t b ORBEEE O FREMEIC
DWTHERE T TDICIXEER P OTBTE RIZHONT
DEZSHEBBETHD LIBT3,

E, REFMMEICLIAPBROMEORE, ¥
EBH ORI 5 BEENEE SN 5 THEESER
EnTWV5?. TBTRUTPTIRASWREIEASREDN
SHRLENTHIY, ERETERDA VHEy 2R
(imposex: HEIZ~=R LEFEVRTERENHEH),
LIZEMEE LS X BT Z b, WMz HT 3
ERBERENBES I TNS.

FHAZLEDDO—BREBHEIC OV THE L 26 i
L HMBRTVAY M 5P ) AR A MM OHEMIT+
SyTIEA2V. AFE T, Ema M and Hirose A (2006) *
Reproductive and developmental toxicity of organotin com-
pounds. In Metals, Fertility, and Reproductive Toxicity,
CRC PressOEZBEBIMIC BT A EMRBAEBREOHEE KT
BEO#FH iR EMZ T, ARAXEHOERMEL
HEIZOWTEBR L.

2. 7 NAX{cSY0EBY
221 PUZzZIRX (TPT) O4:R#HME
TPTIZRADTIE(LH & LTHEA TV S, Table 2
RTPTO £MBERROBREZ T L. BicHT 38
B L L T, 100F 7= {2200 ppm®Dtriphenyltin hydroxide
(TPTH) % &t %648 M5 £ /= #Sharman 5 »~ b %
OB v P LBRVELSEIRREEELZS, E
WINEUFHEROE LVMET & L bic, Sh, HEL
RERUZEEH D OERBOBETHED b, &
HROEEL & BICERENEE LD EAEE SR T
VW5, HolzmanF v b i220 mg/kg®triphenyltin acetate
(TPTA) = 7= iZtriphenyltin chloride (TPTCI) #19H Mg
HRELELE, EARVHEER ~ORENEE T
bofz. HEETIX, HMTOMELEEIAREOM LY, 2
7 — U OHET LIk b E R 0L B ORI e 0 )

{EEOHROBITEES 26N, TPTAZ#EE Lz &
FIZXVARVCESENBESA TV Y. FAEIZ, 20 my
kgDTPTAE 7= iXTPTCI®Holzman 7 »  ~®208 M
FHREIZL Y ETFRERSREE X, 708 MERHE
2E2 D LEFERORLELEREEALAEY. ICRHa
Swiss¥ 7 R IZTPTA (2.4,12 mg/kg) £ 7=iZTPTH (1.3,8.5
mg/kg) % HEIEERNES, L < IITPTA (6mgkg) =
7=FXTPTH (11 mg/kg) %50 RMERMEIEQ#E Lk
(2, EAEE L TR S, ERIBAICHB LR, &
HEGEERITR® bhiho 2,

TPTOREBI® I 1 2 A MBI VT HEER D
5. 20 mg/kgDTPTAE 72 {XTPTCI®OHolzman7 & b ~
DABRIRERSICL D, RRIFRAORLD, PRI O
SO, BEOELWELBEREATHEY, =
DX 5 BRI OEL, EVTEREBRROETOR
EE5.

v b OERMICTPTCIZ 8 5 Li= & % O RD K
MR UHERIHT 2 EERRN S ATV EY. Wistar7 v
b DIERO-38 (23.1, 4.7, 6.3 mgkgE 7= 1L EEIR4-68 I
6.3, 12.5, 25.0 mgkg DTPTCIZ M En#E5 L L =
%, BREFNZERMENSIZRI &N, HR0-3AD
4.7 mgkgll b, #E8R4-68 D12.5 mgkgth b CIEIREDE
TAMRER S nd-. FRATIESE RO WINITEIR0-3 A 04.7
mg/kgbh £ TH BN, TPTCHREREDITIR AL L7
Bi-B 2 EFRE, EFRREE FERITECEEREORE
FECRIMNEBRLARTHoE. Zh b ORERIZITRED
Wi S L/=TPTCULAERMAE/EA 2R L, AT #
S LIPS RIET LA TR LTS,

FEABEOEEBEBIIEEFODICHETHY,
FEOBREB(LIIERLFRECERER, TO®HDOIE
BIHROBEFICUEATH S, BIEREWIZ T 5 PiER)
Bz L5 FEREOEIE, BOFKIZL-TEESH
DITRTEICR T SMEMEUSE L Rk TH YT >, FEK
B L RO ABENTLOETALRZY 55T,
ZOFEEAVTREBEEEZBET  Z LItk ik
MEOEHMBEEABELZAELEBREICHTTERNT
HZLNEREL 257, TPTCIOFHEMEEAOKREA
EFHOMCT A0, FEBEICT 5 ERAS AR
Wistar7 v h 2V TRE EATWVWE?, T v bO@EE
#R0-3BIZTPTCl (3.1, 4.7, 6.3 mg/kg) ¥ MHEO®RE
L. BiFER4 B ©11:007>513:0000 /M 2 F#: T THATR
7y FOTFERBEASE TS Z LI L IREMEG A5
L, BRIERIBOTFEERY FEMEMLOEHE L
TRELEY. 20RE, FEEROET (FEBEME
{EDmEl), BIFREIEDIR OmED 7 n 4 AT 0 A%
TH47 mgkgbh LOBETH BN, Z %5 RI3T
ROBBIZIE Lk EICRFRATERELF BT
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Table2 7 = =/A-AX{LAWiIT L 2B

Loy g WH BE5R #58 BEER ARREBE £
TPTH Sharman 7 » b 100-200 ppm 64-238 B #n0 (B4 Gains &
| EBROH 2 BIEK Kimbrough (1968)
| MR
TPTA Holtzman 7 » k 20 mg/kg 198 #0 (R 8.7 Sy Pate & Hays
TPTCl 1 MM OF BT (1968)
TPTA Holtzman 7 » b 20 mg/kg 208 ®o (B | WP IARIER o Snow & Hays
TPTCI (1983)
TPTA ICR/Ha Swiss 2.4-12 mg/kg 18 MEEEP EEBFEERL L Epstein et al.
) 6 mg/kg s\ Mo BRI L (1972)
TPTH 1.3-8.5 mg/kg 18 MEEEA EEEFERL L
11 mg/kg 58 MO EEREERLL
TPTA Holtzman 7 » b 20 mg/kg 424 B ®0 (BEE) | ABAERIR B Newton & Hays
TPTCI 1 AMKAERKD o B B (1968)
| #i
TPTCl Wistar 7 & b 4.7-6.3 mg/kg EiR03 A MmO | e, | ISRIEK Ema et al. (1997a)
12.5-25 mg/kg iR 46 8 WD | iR
TPTCI Wistar 7 v b 4.7-6.3 mgig {A3E4R 0-3 B EWED | FEABRRER{L Ema etal. (1.999a)
NS, Fa-T b =g
DPTCI Wistar 7 > kb 16.5-24.8 mg/kg $34% 03 B MmEn i E:;.t AERTEEET Ema et al. (1999)
333 mg/kg iR 47 B MED BLE TAREEEC
DPTCL Wistar 5 » b 4.1-24.8 mg/kg BiEiR03 B EmMED | FEAREERE Ema & Miyawaki
It a-F S - B (2002)

TPTH: Triphenyltin hydroxide, TPTA: Triphenyltin acetate, TETCI: Triphenyltin chloride, DPTCL: Diphenyltin dichloride.

BTH-Y. ZhoORERL, TPICIEXZ 0 R T 0
VETEE FERNBORER MR LELL, Zhb
BTPTCUHZ X S KMAFIZES LTS Z LR LT
W5, TPTCIO T8 O EBELmG B O EKEEERIC
HTHMEFALECOERERFLELZA, TSR
FovixA boOREITPTCIZ#E L= SR H
Fw b OREBELEHERFL, 4.7 mghkgll EOTPTCIE 7
aFATFerEZHREELET v bOFEERRE UFRK
IRTPTCIZ MR E L2T v XD b Y. Zh
LORERMNG, TPTCUZ X 5 T PO L 26 I L amil i3,
D EHEBoaMICE, SRELECVENMLTEY,
74 AT o XTPTCHZ L A& K FAXH#ETD Z
LR ERIE.

22 PT7rxZ)VARX (DPT) D&EHESME

F v MIBOERENETPTIY, P 7==12X (DPT),
) 7x=mAX (MPT) ELICEBAXIZRBENS
4 DPT{LEY D ATEBIERBORE R % Table 3ITR L
7=. Diphenyltin dichloride (DPTCI) DR B VTR
HFICHT2RBIIoVTT v FEAVTRMLEY,
DPTCl% Wistar 7 »» h O#EHR0-3H124.1, 8.3, 16.5, 24.8
mg/kg, $TER4-7HIZ83, 16.5, 248, 33.0 mgkg% %l
BoEs Lzt A, HREOCETAER0-38 D248
mg/kg, 1EIR4-7H D33.0 mgkgDEETH LN, iR
0-38 ™16.5mg (48 pmol) /kgil LD E THEEADE

BOEAEM L=, EERO AR L -t O FRATIRFE T R
EXBELRETho . FEEBEEL RIXETRS-TH
™330 mghkg HETLERLE, ZhboORERENL, T
BRI 5 L/-DPTCUIH KA E LS| & Z L, FHHEK
MOBERXFRPECHFREEORE LV LIEABA
KBETAHZLMALMNI R, HRO3BOHEET
HDPTCID #{L&#H TdH ATPTCIH4.7 mg (12 pmol) /
kgl £ CHEKATERFEEREZRTY. EAHEROHE
&V, TPTCIOEMMDPTCIEL D &30 Z & A58 &
20T, DPTCIE = ixE ORI TPTCIO 3 AL
AoREHE THHMEEREVWEELLNRS. L

L7228, TPTEE®IIDPTCIA S L=5 v FOFT
£RENDY OT, BESNDPTILEHDO—EATPT
FLTHBERARBE LTV ATEELALHY, DPTOE
HHRORICIZIZOZ L2 ZETHLELHD. TPTE
DPTIZ L HEMEHOEREZHALNMIZIL, TOFRAHE
FHONICTTHEDICRELRLIFREEZETS.

DPTCID FE#EEICN T 2B >V THIEERT » b
FRAVTERNENATWVWS. WistarF v b OBIFIR0-38 12
41, 83, 165, 248 mg/kg®DPTCIZMFIE OIS L1
FER, 16.5 mg/kglh LD E T 75PN BB I L oD i,
AIERAR RU9BOME 7 0 R 7 o L OE T RS
ni=®. ZhonBRERIZT v FOIFRO-3IBICERE L
b ZRERNEREEREZTTR O, Zh
HOHMRIL, DPTCIIE /4 AT o AR T4 5 FEN
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REDBEBRALIMH 2 FE L, ZhbBDPTCHC X 5 KK
PENERTHLHZ LETHELTVS, DPTCIOFER
FELSE V6 AL ) B OV KB B R ot B R R L&
DIERZBR L 25, DPTCIZ 52 -0REH T «
MBI AFEREBRILA oS ATar bR fow
DEECHFENEY. £, 165 mgkgbh LDODPTCI
LT RAT o R RRE LLT v P ORIERE VS
FREUIDPTCIR BB E LT v b LV b FE ok, =
NHOFERN G, DPTCUT X 5 F 5 PRI % Bk o i)
i, Pla ELESHICE, IIRFALEVENLTEY,
IS AT r i IDPTCIC L B EHRMEE L HEHT S = &
MR St

3 ZxZIRX{EEMORESYE

Table 3i27 = =N A XL W ORBEBUEABOER S
LT, $ER6-15B@SDZ » MITPTA (5, 10, 15 mg/
kg) ZAGIRO®RE LZRR T, 10 mgkgll £ TR
EEEMME], 15 me/ke THKEEE T O, 5 mg/
kgbh ECHRROBCGEECHENABMBIN TS, H
L REEEARET IRERTHMREMEIRE X
NTWARWY, Rk, FIR7-178 OWistarZ v b ~®
TPTA (1.5, 3.0, 6.0, 9.0, 120 mg/kg) @il i% O &
SizX v, 90 mygkgtl o5 CREEEBHMME, #F
FREECED LERUVKEOBLBESL LR TN
5, EEEHEEED ATV W, TPTADH AR/
BEZLDRDERDITHELIRES LTS, CFY
7 v b OIEIRG-14H 126 mg/kg DTPTAZR MREIE N H#E L
TR, 87 o MR EMERERD Bhido 258,
R B gD BRI E CBEILATOE TR FH
BB IATVWAY, iHRE6-208IZTPTA (4, 8 mg/kg)
% 9858 O % 5 L 7-Tokai High Avoiders (THA) 5 v k
DRTH, ¥ FvrE@BETRBRTOERSRSR, ERA

Table3 7 x=ARX{ES8NCL3RBEHH

RREEFRBOSGERBRTO S —HmE BEAE
TOFMOERFEOELEEGS~ORENEESATY
2%, ZOEBCHBERE R OEERNDE IS mg/
kg THLNEDR, ROFERIWThOBRERTLEE
Ehighot.

SDZ » blZVancide KS (TPTH) Z#fIBo#HE L=
EEBR TR, ER1-7 B D20 mg/kgd® 5 Tid U IR O HE A0
& bhieholds, HIRES-148 D15 mgkgD#E T
6B EPLEET LMERBE AT, EIR14-208 D15
mg/kg DR 5 TIX6BAFPIRETERAB LN Z LA
BESNATWAEY, LhL, ZOERTEA LK
127 d, ERFEOELVEENZEA TV,
#%6-158 ™SDF » FZTPTH (13 mgkg) % 5RiI#& O #
5 L7 EB T, BSEESINIMEIEUEREEEL OB
MAEBZOLH, BEEELBEREERVCEMEREL SR
L OBBEEN A LR, TPTHIZL 2B RABORHE
Iado =,

Wistar 7 » + OB EREMICTPTCIZ MM E O #E L
EERTIE, 87 v bPOFE L EHREOET S IEET-9
A ?3.1 mg/kgll b, $E4R10-12 B % 7= i24E4813-15 8 6.
3 mphkgbl ETH LN, FREBELT RO LJ TR
7-9H 6.3 mg/kglh £, $EIR10-12 0 F 7= (1EHR13-158
9.4 mg/kgbh ETAH LN, BEERNYOBVELIEY
BEEIEERNM BRI sHARALNE. &6iz, iF
8%10-128 D12.5 mg/kg =72 i31EHR13-158 09.4 mg/kglh
ETIEEERERBD bz, WPho®Rs B EUE
HERTHHBHREORRED LFITH LA TR,

WHEA Bhan B"ERK ®58 nERE EREERE E =3
TPTA Wistar 7 » b 5-15 mg/kg g 6415 B D T WREBEFEY, | BRE{  Giavinietal (1980)
TPTA Wistar 7 » b 9-12 mgkg iZ4R 7-17 B MEHE O T HFEEEEL, |IBRE{L Nodaetal (1991a)
TPTA CFY 7 v b 6 mg/kg 1R 6-14 B RO &% REL, Lehotzky et al
T RO RER (—i8t) (1982)
TPTA THA 7w b 4-8 mg/kg iR 6-20 A HMHER | ROEEEE Miyake et al.(1991)
TPTH SDZ7 v b 20 mg/kg iR 1-7 8 MEED | iR Winek et al, (1978)
15 mg/kg iR 814 B HIE D 1 HERBERET, | BRGtE
15 mg/kg iR 1412 B FEMIED AL
TPTH SDZ ¥ b 13 mg/kg iR 6-15 B amED T ME®RIERT Chemnoff et al.(1990)
TPTCI Wistar 7 » k 63-125mghkg TR 79 R i Lt gal T AR HEEFE T Ema et al. (1999¢)
94-125mghg $EHR 10128 -13-15 8  #HHEO T HEBEREL, |BAGE

TPTA: Triphenyltin acetate, TPTH: Triphenyltin acetate, TPTCL Triphenyltin chloride.
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4. FTFNAX{EWYDERHE
41 RUTFIAX (TBT) OEiHME

Table 4I2 7 FAR2 X{LEHOLFBEERBORREL T
L7=. HECR~ 7 RIZTBTO ( 2, 10 mgkg) %2[E/ED
SAEE CABRRFIENRELILLZA, MTFOBLEDT
A b EROERIEABH 5 TVE™. Wistar7 v
A2 R BRI BT, FOOIEROA G
FIOBERLE T, X HICxzldl, &P, Wik, RSP
i U TF204#91 B % TOuibutyltin chloride (TBTCI:
5, 25, 125 ppm: 0.4, 2.0, 10.0 mg/kgiZti %) DR
BEIZED, HRCRTIRESRESL TV,
125 ppm®DF1 R U'F2HE THREHMAME S h, WMEEV
iR EROERIET, BTAREUHTFROBDN?12S5
ppmThHHNT=. EHIZ, EBAMIRERETRUHT
HERAEL ASF1 D125 ppm, F2025K 125 ppm THE S
h, PRI 2 REBEFI#HRL D b REh-k M
BRIV —NOETHI2S ppmTH LRI &0
L, EELEIALOERIT oI —EMEIc LR
B|THY, TBTCIIES v FZEWTHBWT S —F
MHIRF & LTERL TV LT3,

LREOEREFRBICBIT AR T v F~OREHR

Table 4 ZFAAZ{LEWIZE 5 EMBE

B|EINTVAEY. 125 ppm OFORUFIHEBBHIZH L
T, BERA OGBIE, Ao EN, R OEERN, B,
REBRVCERSBEOETABEIATVS. M4
RiZEELMEERE (AGD) DEIZL ZMEM™ %, 5 ppm
LLE@OFID 418, 125 ppm®F1 0O A %48 R TF20
A#IBEVAE TR, ZhoDRERE, £ECD
- HTBTCIHRELNE T » b OMRAE L ARKRICEET
DAMEMETRL TRV, ¥FE LM OAGDERIITBTCI
OBMELEREZTR LTINS ER<TWVD,

IR iR O B R OHERFIZ % T S TBTCID £ EIZ 20 T
Harazono & (1996:1998ab) ¥ * ) Harazono & Ema
(2000) * Iz X Y Wistar7 v FERVTHELLFALHN
TW5. §H§R0-7BIZTBTCI (8.1, 122, 16.3 mgkg) %*
WEEORELELLEZ A, 122 mgkgll L TREED
HimmEl, 8.1 mgkgll L CHERETHL LN, FHE
PRI RHEBIENERY 57122 mpketl E CHBI N
=8, HRORIM LIz TREAY FEER
U CHICTBTCIORBIIRS b e -9, Tk
FLEMNTBTCIED LDIZ X207, RBHEOBEHRIETIZ
VL ELENERBFRICLALONEHWB T
Wiz, T T4 —T 47 (PF) BBREfTokLE

BHA ki #5i& #5808 5B ERRE B E Z-3
TBTO ICR=92 A 2-10 mg/kg 4 MW HHED L MFRE% Kumasaka et al
(2 [E1/78) IRAAE |k -0 (2002)
TBTCl Wistar 7 & b 25-125 ppm 2 iR Eo (Re) WM WREEER Omura et al. (2001)
| WA, | Wif== b T oA —n
| R o EESRm
TBTCI Wistar 7 » b 5.125 ppm 2 R #o (BRE) | ERS%E | RE - RoKE Ogata et al. (2001)
LMo, T AGD
| B o kR
TBTCI Wistar 5 » b 12.2-163mg/kg #E#E 0-7 H mmEn | iR Harazono et al.
| R K (1996)
TBTCI Wistar 5 » k 163-32.5mghkg #E4E 03 A HWEFEO LR, | R Harazono et al.
163-65.1mgkg #i#& 4-78 HEED L, | WEEEEC (1998b)
TBTCI Wistar 7 & b 163-32.5mgke {44E4E 03 B w@HED | FEABR AR Harazono & Ema
| ANT o FRF o (2000)
T MW= RA hTFPF—
16.3-65.1 mghkg {A4EHE 4.7 B HWHED | FENBRERE
| MR T e FRTFe
DBTCl Wistar 7 » k 76-152mg/kg $E#E 038 - 478 LU Aa] | FEiRR Ema & Harazono
| HEMEREL, | BREEE (2000)
DBTCI IRC =% R 76304mgkg FEHRO-3H - 478 HWMEQ | EiRE
T BEEATEICEC, | BMREKE
| AR FRF oy Ema et al. (2007a)
DBTCI Wistar 7w b 7.6-152mg/kg (BTN 03B 47 B MEKER | FEPIMR PR Harazono & Ema
lmiR7e ¥ r5o (2003)
MBTCl  Wistar 5 » b 903 mg/kg #E4 0-38 - 478 MED | BB Ema & Harazono
(2001)

TBTO: Tributyktin oxide, TBTCI: Tributyltin chloride, DBTCL: Dibutyltin dichloride, MBTCI: Butyltin trichloride.
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5, TBTCHRS-BEDITIRBAEFITBTCIZ Db DIZLE D
DTHY, FEOREFRRBIZEIZLOTRNI ENRE
he®, ®iz, TBTCIOBRESHMIZL 2 BBE2W~3 7=
HIZIENR0-3 B124.1, 8.1, 16.3, 32.5 mgkg ¥ 7= i3EiR
4-7RIZ8.1, 163, 32.5, 65.1 mgkgx MEIEARE L
e, HEHR0-3H D163 mg/kghl bR UMEHR4-7 B 065.1
mg/kg THEMREE DK T K& G ARATIEFE L O#MNAEEDH 6
ni=®,. 7, #4R4-7TH 0163 mgkell EOBE T
EREBERECRO EABBEREIhE. Zh bR,
TBTCUZ £ 5 FHRIZ AT 5 EREBIIRE L iEReER Iz
LAY, BRAMIBE L L EI0IIEFRBEE, &
FHRUERBERICHE L SIC3FR LEEEDOETRT
IEREFRITTZ L E2RLTWA. TBTCUZ L B HK
PRENDERZRAL-0HIZ, FEBEICHTIEERN
BIEEZ v FERAWTHRN SATWS, BIER0-3B®
163 mghkgDMEIBE O EIZLY, FEERET (F=
PIED R L ofndl) R OMEITYR4 B BT B O iF &
FeFRTFrrDETHRDLALED, BERSTED
163 mg/kglh ED 512 L 0 BITROBOMEF T = 4
ATFurOETHEAGNE. BTERET v FOFEERE
TREUIrFA7Fo AET£3IERTR 58, TR
7 v MZBWTERIE CHREDEEL £ 52T 5%
ERLELCLTh-=. ZhbOEBRFEFREL, TBTCUZF
EREOHREBRCING L o f AT o ET 23| &8z
L, ZAOMBTBTCHI L 2 FRMEOER L 2-TWS
ZLlETE LTS,

42 DFFIAX (DBT) RUE/FTFIAX (MBT)
DEFERYE

Zyv bS5 EN=TBTEDBTRUE ) 7 F AL AR
(MBT) ot &h, 5 & /-DBTRMBTIZf
BENDS O TBTO AMBIERERITH T Bdibutyltin
dichloride (DBTCI) @#&#l% i+ 57/7%iz, DBTCI®D
SRS R R IS4 2 B EIZ DU TWistar 7 » b %
BOTHRLATWAEY. HIR0-38 £ 1= i(3ER4-THIZ
38, 76, 152 mgkg®x WEBOHEE Lz, 3.8 mgkgld
ETEEROETHER I, PFEEARRIT. 4
RO-3 B D E TR, FIREFEILT6 mgkg THEBH L0 E
<, 152 mpkg THRERTUPFHEL Y biEhof. F
FREFET EiXEHR4-TH 07.6 mgkegll £ THEBEER
PFREEL D b @m ooz, ZhbDMEMNS, DBTCHIC
LAMMEOECIEEROETICL ARE TR,
DETCIZ L A EEMALERATHL L EZ LIS, FHE
DECEELEFZLELTRLIEVDBTCIO®RERIZT6
mg (25 pumol) /kg Tdh - 7=. DBTCIOEH{LE#HDTBICI
i%16.3 mg (50 pmol) /kghl D5 THKLE & HiEd
E€7-%. DBTCIZTBTCI L ¥ HLIEWRE & CHIMED

FELE5I &3 LMD, DBTCIE L IXEDONRBIHH
TBTCIZ L AT DREAHE TH L AEENH . &
PRBLE % 5] & & = T4 5 BEODBTCIZ MHlE O &5 Uiz
BIEIRT » P CTiE, 7o X AT o BT HoFE
MIEOBREELIMH AR LR, e AT r0Rs
ok, 2l L YERSMICiE, DBTCHD & 5 & KIE
BEEEENREY. ThbDZ xS RTF oL OET
MDBTCHZ X 5 FHRMEOFE —DERTH S Z L 27k
LTWaA, Wistar7 v b OIFIR0-38 £ =12 4ER4-7H I
903 mg (3200 x mol) /kg ® butyltin trichloride (MBTCI)
Z IR O RS L T b HFRATE CEREOEETEO £
BrBovohirhok™ Z b, MBICIELIZED
KRBT FALALZ LS EFRAFEORENE THS L
FEZED. HEERGEOETRETFRAT 0K
T % b7 5T DBTCHLE/L K TTBTCIL ¥ H{ENZ &
%, TBTCHZ L % Zh b OBRITDBTCIAEE LTS
ZEETRMBLTIA, BIEHRO-3F IZTBTCL% 5 L=
LEIIMETA b T P4 —ARETFT L= 4, DBICI
DEETIRIOLIRETRBBEI R LM
5, TBTCI&DBTCIOFRRMEREIZ RIT T B EOBFIT
Bi-TWAHAEEELH S, REEZEH TREOHF
FRIZx T ATBTCI L DBTCIDEEIZOWTIZE 258 H
*ETSH. i, ICR¥ U AZDBTCIX H#HEOFE L
THKEMLEEMRPBAN S, HEIR0-3B D304 mgkg®
BEIZL VIHRROET R UCERITEEC RO LR, £
#R0-3H ™15.2 mg/kghh kR UEHR4-7H 7.6 mg/kgbl b
OBEIZ L FHREEFECRO EARBD L. 4T
¥RO-38 £ F-iXiEHR4-TH 12304 mgkgZ B E LI L &IC
%, ER7 v POFP I o F AT o OETRRLNE
Zée, T URAIBITADBICHC L AEKMEEERIC
BWTHL7 AT e ARTHRERER-TEY, T
b L EEROBFFIZ L0 FRESEE S 3 TN
M Xhi.

5. FFINAZX{LSHORERM
51 ZFFIAXDin vivoFet Bt
TFNARZXDREEBMERBRORER ZTable SIZT LI,
TBTODEEBHIZOWTIE= I ARTT v FERANT
BmEta T a. NMRI~- 7 A DE#R6-158 IZTBTO%
MEEO#RE Lo, BEEERETESIERTED
EVERSERLLT mghkeTHY, 35 mgke TIRBRIAED
59%DEETHALN, BERREELBEIATHE™.
A#EHN11.7 mgkgT7%, 35 mgkg TIR% D HE THEZE
Ehi=A%, Davish (1987) ™ %, 0EBITBTOIZHK
BWARBERETHY, TBTOIC L 2BHTIERW LML
f=. Swiss ¥ 7 A DIFIRG6-15B8 IZTBTO% Al N # 5
LiRBTIE, 40 mghke TREFER VKB EERET,
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Table s FFARX{LSWI L ZREWE

BRA Wi EEeS ®5EB BEER SMBERE wE
TeBT Wistar 7 b 1832 mg/kg 4R 13-15 B MMED T oER Ema et al. (1996a)
TBTO NMRI = @ A 11.7-35 mgkg 1R 615 B HHEED Tt%ﬂsxt, LRl Davis et al. (1987)
=
TBTO Swiss ¥ 7R 40 mg/kg $HR 6-15 B EBED TAKEEREC, LEEFE Baroncelli et al.(1990)
TBTO Swiss ¥ & R 10-30 mg/kg $E48 6-15 B BEED | MR | REE Baroncelli et al (1995)
HEMMoORE, |ERTBETTRE
TBTO Swiss 70 A 5-20 mg/kg YR 6-15 B BWEED 1 IENAKLMESEL Karrer et al (1995)
TBTO HaNMRI =% 2 27 mg/kg 1148 6-17 B MWmAED | MIERE T OBER Fagi etal. (1997)
TR
TBTO Long Evans 7 v b 2.5-16 mg/kg YEUE 620 B MmmiAED | JR¥ - BHEE Crofton et al. (1989)
Oy, | HEREEND
LEmn, |EER |REED (8
TBTO THA 7 » b 5-10 mg/kg iR 6-20 B MEED T4RREFC, | ¥RES Miyake et al. (1990)
TBTA Wistar 5 » b 16 mg/kg $E4E 717 B WHED TWEEEEC, TOER Noda et al. (1991b)
L BRER
TBTCl Wistar 7 » b 5-25 mg/kg $I4R 7-15 B MmN 1 RREEREC, | MRAE Ttami et al. (1990)
TBTCl Wistar 7 & b 25-50 mg/kg Hig 79 B HWHED [ HEREERC, | BRAR Ema et al. (1995a)
50-100mg/kg  HEME 10-12 B WAEED T MREREEC, |ERER T oEH
25-100mg/kg  #EEE 13-15 8 MEED | KEEHE T OBER
TBTCI Wistar 7 » b 100200 mg/kg  YEMR 7-1S B 1 E MWD T MREEIET, | MREE Ema et al. (1997b)
T O%E (JEIR 8, 11,12,13, 14 BOKY)
TBTC SD7» b 02520 mgkg  FEHE 0-19 B MWAEEN | WFEEEC, |BRER Adecko et al.
1 # AGD, | MsRE{b (2003)
lamFoxs - pla—FFa=\
2.5-10 mg/kg 4 8-19 B | hiRFoxr
TBTCl SDFw b 0.025-2.5mg/kg ¥EE S B LML MMEEC | FTER - BRAR - MARELE Cooke et al (2004)
Ll LTF=r FIZXUEDE
L 735—¥ . Fokiw
BEFoT 74 A0
TBTC SD5v h 0252.5mgkg FEERS EA GRS AMEAED T MIREE, T NKERE etal.
T1gM + IgG, (2004)
THREMT ) 3R, |1gG2a
TBTC SD9 v b 1-5 mg/kg FEUR 620 B EWEED T AREW Gérdlung etal. (1991)
| i 2 R R 1T RN RS
1T 7= # I Az L HERTHE
TBTC Wistar 7 » b 40-80 mg/kg g 78 B MWHED THMREEEC, | BRAE Ema et al. (1995b)
TBTCl Wistar 7 o b 54-108 mghkg  HEME 13-15 B MWED | MESR T Oo%EE Ema et al. (1996a)
DBTA Wistar 7 & b 15 mg/kg $T4% 0-19 B WEED THREEEC, |KRSE [ THAY Noda et al. (1988)
T EES - EE THEER
DBTA Wistar 7 » b 5-15 mg/kg $14g 7-17 B MWMED THEEREC, | RREARK Noda et al. (1992a)
T FTHYE - TEH - 68 - 58
TREY  hREUVHROFTE - REXTR
DBTA Wistar 7 » b 15 mg/kg iRk 79 B MEAED T MEREEET, | IRER Noda et al, (1992b)
22 mg/kg YE4R 8 B MDD T TR TEH - Tl - TR
TRAY W EUCHROFE - ARER
DBTA Wister 7 & b 28.1 mg/kg §TiR 8 B ANEED T W ENHE Noda et al. (1993)
DBTA Wistar 7 » b 10-22 mg/kg iR 8 B HAEHED T EEOHE Noda et al. (2001)
DBTC1 Wistar 7 > b 5-10 mg/kg ¥R 7-15 8 EEEED T MEEREEC, | BREAE Ema et al. (1991)
1 THR  OBH - SHE - W%~ L=T7
TRAY  WERUHEROTRE
DBTCl Wistar 7 & b 20 mg/kg $E4E 7-9,10-12,13-1S B MMAEN | BIEHE T EERERERC Ema et al. (1992)
1 EEo## (iR 79 BoRs)
20-40 mg/kg $24R 6,7,8 98 MWD | BIRHE, T EFREERC (FHE 6,78 HO%KE)
1 EE0#HE (TR 7,8 BOkl)
DBTC1 Wistar 7 o b 243 mg/kg ¥R 8 B MAAED | BEEE T THER - TER - FHE Noda et al. (1993)

T &8 B~ =T IR RUHEROFE



42 [Ed SE i o # % 125 & (2007)
DBTCl Wistar 7 » b 10-15 mg/kg ¥k 78 B EHED |BEEE T oER Ema et al. (1995b)
DBTCI Wistar 7 » b 50-100 mgkg  $EMR 13-15 B MEED | BREE Ema et al. (1996a)
DBTC1 Wistar 7 w b 1-10 mg/kg T 6-15 B HMEED EEL Farr et al. (2001)
DBTCI SDF vk 15 mg/kg T4 6-15 B BWED |BREE | WEEEREC Thullen & Holson (2006)

TRERAE - THAY - AR - MR - OBH - TS - 85
DBTCI NZW 4% 5 mg/kg TR 6-19 B HWHED |BRREEE | REEEEC Thullen & Holson (2006)
04-10mghkg  $E¥E6-28 B MEEO 1 HE
DBTCl =240 25-38mghkg  $EIR 20-50 B A ER) T EEREITEC Ema et al. (2007b)
DBTM Wistar 7 » b 27.8 mg/kg iR 8 B MAED | THRE - TER - &858, Noda et al. (1993)
T & B~=T - WERUMRFOHE
DBTO Wistar 7 » k 19.9 mg/kg iR 8 B wmEED 1 ELEOERE Noda et al. (1993)
DBTL Wistar 7 » b 50.0 mg/kg iHiE 8 8 WHED T RLo#E Noda et al, (1993)
3-OHDBTL Wistar 7 » 100 mg/kg g 8 B MEERD | BREER TRTH Noda et al. (1993)
MBTCI Wistar 7 = b 50-400 mgkg  FE¥R 7-17 B MWD RSkl Noda et al. (1992a)
MBTCl Wistar 7 & b 1000-1500 mg/kg 54k 78 B MR | RREE Ema et al. (1995b)

TeBT: Tetrabutyltin, TBTO: Tributyltin oxide, TBTA: Tributyltin acetate, TBTCI: Tributyltin chloride, DETA: Dibutyltin diacetate, DETCI: Dibutyltin dichloride,
DBTM: Dibutyltin maleate, DBTO: Dibutyltin oxide, DBTL: Dibutyltin dilaurate, 3-OHDBTL: Butyl (3-hydroxybutyl)tin diaurate, MBTCI: Butyltin trichloride.

BFETEO EFBHZBNEN, BaBtIEdLA TN
f;b\”’.

RoOE#EBBICET 2EBRTIL, $TRG6-158 DSwiss
7 U A~DOTBTODHEHBEOREIZL Y, 20 mgkell k
TREDCETRCROEAFE, 10 mgkgbh L TR~< ¥
ADERITHFRE, 5 mghkelh £ CIREERE, 5Siges
Moo bonis, RoFEERgEgshTnian
. RRIZ, Swiss ¥ 7 ADIHRE6-15H IZTBTO (5, 10,
20 mg/kg) AFFMEMAOLELIZL 5, REMzHER
BRI, MRE CEBEROETHERD b
™. Han:NMRI= 7 2 DFEHR6-17 H (2 TBTO % 3R 0 #
5 L7=EBRTIL, 27 mg/kg Tl 4%0HE TO E2HE
gzh, 200Kk RETIHRETSH, FOBETESE S
Bl R THREEES B bz, 13.5 mgkgll FD
BETHRBERVBEICHTERERRED bR ) -
™. 5w hEAWEEZERTHE, $#R6-208 IZTBTO
(25, 5, 10, 12, 16 mg/kg) % 3EHEN#E L ~Long
EvansZ v FZ BRSO EH, HABOREZF &=
A, 10 mgkgth ECREMMMNME], Bk, REERG
SA%IBEWBOREGFEDET, 12 mgkgTI%DMH
BETHAER, 10 mgkeg THREANEE, 2TCOoRSETE
B4R DOROEBETLSBMBIATHE™, £, HR
6-208 IZTBTOX MBI Q& 5 LETHAT v b DR,
10 mghkg TIXERIBETICTTELEL, 5 mgkgTiX
v Fe AR E R, ERKERBEERBO S ERER
BRI BEEEBAME STV,

Noda b (1991b) * %, #EIR7-178 OWistarF » kiZ
tributyltin acetate (TBTA: 1, 2, 4, 8, 16 mgkg) #5#fl
BORELZLZA, 16 mghkg TTFERNRECRVOES

OEEERM, EFAERESZ LN, ZORSRTIAE
HELEMEROELWET, 4 mghkgll ETHEHIET v b
MBRERVETHALRZLHEL TS, #biE, =
DRBCBMBSNBROFHiIDaiviss (1987) ™ iz
FVHESNELOLERTHAHZ L2vn, TBTAIC L
SFRAERTIIRVERRR L.

TBTCHZ W CIXEEBM L <HE S TV S, Wistar
Z v bOEIRT-15AIZTBTCIZ BAlE N HFEE L=k =
5, 9 mg/kglh ETREEME, 5 mghkell L THIEOEL
BENRL LN, BEFEIERESh o=, =
DEBRBEREIVHELITW220IC, BEEAYE
Z5%IL T, EHR7-98 1225, 50 mg/ke, HEIR10-12H
1250, 100 mg/kgs 7= i24EHR13-150 1225, 50, 100 mg/
kgZWistar7 v b ZHBIB O RS L TRABELZ R L
2. BERIZhhb b T REESMNMEED SR,
FREBEFECHEO LR, 1E0RT-98 D25 me/kell £
THEHR10-128 @100 mghkgTH b =28, #EE813-15
BOBETIII00 mghkg THEBO bz ok, BEE
B R IX#EIR10-12 A D50 mg/kgbh b B OE4R13-158 @
100 mg/kg THLiviz. ARG IR OIREBIEE (2THR10-12
B ?100 mgkg® UHEHR13-15H D25 mg/kell £ C LB
L, AERVPRLEHEETHRES L. b ORI,
TBTCHZ K 5 RAEBEIREHEOEOREREICL-T
R0, TBTCIOEHFEEICIIREFREERHE - L &
FRLTWS, BHFBEORTHZEIZHELL A5
2, Wistar > b OBEFRRMOWTN] BIZTBTCIZ
WHEEORE L L 5, TBICIORAEEOREMEE
320t E T L, $EER8A D100 mg/kgll £, EHRE1LE,
12H, 13B F7/211148 @200 mghkg DR 5 THEHFH D
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REMEN LR LY. SDF v b OIEHR-198 (0.25,
2.5, 10, 20 mg/kg) F7-i3iE4RS-198 (0.25, 2. 5, 10
mgkg) ICTBTClZ MilEN#E L& Z 5, $EHR0-19
B ™20 mgkg® 5 TRGCEMMME], HRRET, &
REEEEE ERARCEEEREABD Y. Z0
RRIL, FROMOS v FICTBTCIZ#HE L & &12.
2 mg/kgbh E CHERMER CEREFEFE RO LR BRD
bivfs, &V HHarazono & (1996, 1998a,b) * &
RE/TEERTHS. Adeckoh (2003)™ DRETII,
W OTBTCHE S THLHERIRORRMED LRI
HHR T2V, 10 mgkgll E TR sy E O B{LEBIE
BEHLNEY, EECRIORRERECET ZHDR
WELICIZ B EmF ERBRELE AETAESELTWD
RN D B RTINS,

WHELEOMESLEEE (BAM) (THRVE CEEY R A
BETDEAEMBRUNEMBIIREL S5 LN
MmoENTWAE®, v b TR, E8R16-178 Hfinasteride
) $T4%15-17 B Hidibutyl phthalate * |Z X 51z k St
& (HEROAGDEM) IR LEBE I THD Z LHH
HFEERLTWS, 2hbDZ ki, AGDIZAT HEED
BEMITEREMICHDEZ L 2T LTS, LALLM
5, 0.25 mgkgbh L OTBTCI%#L4R0-198 Iz &5 LIz &
X ICHEROAGDERRA LRI EWIFR L, 10 mg/
kg THITIRS-19R 1T 5. L7z & X ITIZAGD~D @R 7
Eighold WHIRRY, &bz, 2HARAKMRER
TIXM DAGDER BB b L 5 TR oMizix
FENHY, TBICIOAGDIZHT A%, Thbb, #
SMeicxt+ 2 RBLALDICT A DITIERHBREL
B4 %, TPTRUTBTHIn vito CHEFLEMIRICE W T
BExfLTT v Fa s r2EkeEtbs®™, TPTC,
TBTCIZUDBTCliZ & FRIBEES AKRLMIIZENT
FTovwi—CMEidsR-FY B8 MEEhTH
A F FFFFNAAX (TeBT) &MBTCliZE F5a-R
TTEER type 1R Utype 2IZfEA &R & 221035, TBTCIE
DBTClitE +So-BiEET A /4 AR BERITT
) DBTCUZATILRS o B THER type 2IZfEARTIT,
R B AYIT NS o -BTEER type 1 2 MEIT 545, TBTCHZ
W7 A VWA LEMET S, ko, EELEEARRIE
iEtype 2IZ L o CHEF SN D, ZNbDin vitroD 1 R,
in vivo CREB SN ARMBABMFTRAZMRT 20ICF
AEBbh3d, ER50RO0ERMBLETHD.

SDZ v b DIEHRE A A 6 RO BERL E CTBTCI (0.025,
0.25, 2.5 mgkg) ZMHIEOHZRSES L, RICLELRER
R E CHRAEORE LB Y T, BEO
fhE, FEAEE, FRIR, AR, BIW R OWSAROSBEARMR
FHFRICEBIAONT, RO, K1, £77E, T,
BB R OB OREARENOF R L EBIER SN2

Mot 25 mpkg CHEEOMEF 0¥ AET, #HEE
OmEr LT F=", PIZVEY FRBSTRT A
&, 0.25 mg/kgbh b CHER O MMRE Ot R o iR o B
BIET, 0.025 mgkgtl k CHBEDROBET 07 74
n~DKE, HROFBEROETAZLALY. Zh
LORT v FOREFHEBTOVWTRAE? L2535,
2.5 mg/kg THIMREENE, NKMAL R PlgMO#n, 1gG2afk
FhZ b, 025 mgkgbh £ TRAETHIAIgGDEMA
B b, 0.025 mgkg ThbThiREEN BREINE.
Tryphonas &> (2004)* 1%, (£ /O TBTCHTHEMER UM
fHEGHICKELY 52 D LIRITEEC Y A L ARR A
TARERICHNDAIEL, OMMOKMEICEEYE5E2D
LERLTWS.

TBTCIZ# S v biiE Liz L &icix, BREBHD
ETRCAABMOIN, RIEFEEERIGOETAARLN
HrblMEShTVWS™ ™, #iR6-208 ®SDT v +
IZTBTCIZMEHE AR E Lt 25, BEBENREIRL
VSR (1ROS mgkg) TEHD RO B R EEHHEM,
KB COETHBORE, &7 7=F IVILEED
TEDERIBEBE I TS,

TBTO X B MY TCHADBTEREHRMIZIRE L
rEEORBROBEIIMTIRENFEELBEZL
T Vv A, Dibutyltin diacetate (DBTA;1.7, 5, 15 mg/kg)
ZWistar7 v b OFEER0-198 ICMBIEOBE LR,
15 my/kg TRHEEHEMN L MIREROET, (EEEELR
CHERRORBREHEEN EABHZLA TV, DBTA
(1.7, 5, 15 mg/kg) Z1EMRT-17 B OWistarZ > b2
BO{ELEZEZAS, 15 mghkg TREEBEMIPHE], 10
mgkgbl E CTHE, TBR, &84, 5%, /N, BRE,
WBEERUCHBEORESEOHAE, BEFERVHIRERD
EFTHRERENET. DBTAIC L A KB AR OBX
PERIHRS A A R bW o 72 2 A EE SR TV AT,

DBTCHZ -2\ T b Wistar7 » ~ DR E A IR E
O#RE L TREBMESRN S TWS, HRT-15HOHK
BT, 7.5 mgkgll b TRKEMBMME, SERET
BEUOHFEEECoSMAL oL, Eh, 5 mgkglh
ET/NEREE, TER F&&, WE~AL=T7, BRRAE,
THEH, WBERUHBORESOHFHEGTIHRED
REMEO EREBA LN, JNRESELEMEE TALAR
O Zhb0fRERIE, BEBEORBALRVRERET
LDBTCIO A MR RRT I LARLTWD. —7F,
Farr & (2001) "? (2828R6-15R 121, 2.5, 5, 10 mg/kg
ERELEEZAS, 10 mgkg TRAHETERM, FERRE
VHBEROETHAL LN, REBEZHEYONL
ok t@BELTHA. Libl, H#EORBERIIFEE
ok bon, 20226(0KRON, AFICEFS, T
HRE, RARRUHBEEMERINATRY, Zhb



44 3] b

]

ot ] #1255 (2007)

[iNodaf:» {]993) 98) &Uﬁ}‘? 101, 103, 104) @%ﬁ‘:ﬁb“c
DBTCIIZ Lo TEREINAEHFHELERKETH o7, Farb
(2001) '*? |2 fHHEEM L FET 54 58 T LHDBTCIO
BEFEIRR L2V ERRLTVEE, Re 0B
REEDTHELD L, DBTCIOREEY, BFEFEERRE
CMERTME DR RS R ICELE I3 E> TV S
A5 5. SDF v b DIEIR6-158 IZDBTCI (15 mg/kg)
EMEIEORE L ZRIZIBVWTYH, RS2 STk
ML & FRERE T OB, EEERIE LI, HEER
EEFRLEM S FWistar7 v FERAVWEEBRTEEIL
EARGFHORBEED LRABH LA TVE"Y,

DBTCIUIZ & 5 HFIEHRBAOBZ M T/~ 5 1= DI LB
BEVREREBAOCTRER{TEATWVWS. Wistar7 v b
DOEIRT-9R, 10-12B £7X13-15B I E L& 2 3,
#BE5RIZED 5120 mgke THERER LK KRR
FEIIMEZ IS, FEEROREREAEO LB IXTR
T9EOBETLIBD bR BEERMO
DA BIZEERE L TABRROBSH AR
LA, BiR6 A DI/E TIIEFHIERA AT, 1HRT
BICABESRER L, 1TIRSE IO BRTMHR
BbE<22h, ERIB 0RETREFEERIED LR
o', FHEARAIIDBTCIZ HES B = /- iEiR
7-8RICHE L= L E 2L BBE R TNAES 1Y,

New Zealand White 7 4 % @1EIR6-19H IZDBTCI (0.5,
1, 5, 10, 15, 20 mg/kg) ZM@HIREORE Li-RE5R®R
EDREHOFHRBRTIE, 10 mgkgbl LORERTEL
WEHEEESED bR, IR E TICEES
PER L2 1 RUS mekg T T, (EESMNREUHE
HROETEOHEBENR R N2, 10 mg/ke CHIER
ENEIZCEE TR N7 5 mp/kg THFRERE
ColmeEXBERERALNE. ZhEOBEELL L
iz, #ER%0.1, 04, 1.0 mgkgs L T—F25CDNew
Zealand White7 # ¥ DIFIR6-28 B ICMHIR OB E L TK
RBEEXIT-oL 25, 04 mghkgT3H, 1.0 mg/kg T4
ORHETHENRL bR, FRERECSE, BIEFE,
ERBECEFBEREICTT 2EELIRD LR 2N
7=. 01 mghg CHREBHERVKERE~DEEIBESLE
otz ThbLOFRE, YHFITEWTIRERES
PHBEORM BT AREBRAERT ALY LEA
BETREZEOEEIINTIEBEEEBNRBETLIE
LERLTNA.

=7 A VL OREEHEM (WEHR20-500) #@ELT
DBTCI (2.5, 3.8 mg/kg) # B S L, EIRI00B I
BEZARLTER~DORELW 28" Tz, @
DBTCIH% &5 B CREDO TR E /- 38E fERERENO
M E-RFEREOETALLNE. BEEFRLR
DBTCIHR 5B TET L, 3.8 mghkg TRABITE o7,

SFRIEOFE, MR, BR, MW, AGD, BRER
ICBREOEEILGNT, BROMNE, ABEUEER
RICHLERRBEOLA 2ok, £, REEICLHE
BB shighole. ZTRHHEDORERENL, A=214¥1

THDBTCHIEESE/ER 27125, EABEITTRE LN

LitfmEni.

DBTA, DBTCI, dibutyltin maleate (DBTM), dibutyltin
oxide (DBTO) K Uidibutyltin dilaurate (DBTL) % (DBT
& LT 80 umolkg) %, DBTARK U'DBTCI®D RE# H 1
I L TR BEMENEWIEIRS B OWistar7 » b ICH
FIEO#E L TEORFEELZERLEY. ThEfho
DBTIC K5 HFERBERITIR R > TWER, BELEF
BORMZRETH-7=Z L5, Nodab (1993) % i1
BARERBEII T FLENEELEI LR LTVS LR
~<TW35, i, DBTCIO X E A2 REWT Th Sburyl
(3-hydroxybutyl) tin dilaurate (3-OHDBTL) O & & 7 #%
358 <, 3-OHDBTL |{DBTCIDEF LD FEHE T
IineE LTna,

TeBTiZTBT, DBTE IZMBTIiZz A #t 2 h 3%, F 7,
TBT{XDBT R U'MBTIZ {8 & 1, DBTIIMBTIZ {X 3 &
n5®, FFLAX LAY ORFHEORRNE 2 HE
T A= ¥iZ, WistarZ v b IZTeBT, TBTCl, DBTCIE 7=
IEMBTCIZ S&HIE N RS L TR IR~0EEE W~
018 TBTCIORH AL O BN Th 5 1E4RI3-158 12
TeBT, TBTCIZE /=iXDBTCI%##5 L= Z 5, TeBT Tl
1832 mg (5280 p mol) /kgC 0 ER, TBTCITiL54 mg
(165 pmol) /kglh £T A EHKTI08 mg (330 L mol)
kg TIEABEBRRE A LM 7. DBTCIO# 5 TiX50 mg
(165 pmol) /kghh ETIEAEREEABE NEDE, 100
mg (330 pmol) /kgTHFRBMEIEL, HEEROE
BEEO LR ERBEH oo, Zhb ORI,
TeBT, TBTE7/-iZDBTOREABMEDE X R FRBARAS
BRroTWAZ LETRLTVWS. DBTCIORAFEMED B
T TH HITHRT-8 HIZTBTCl, DBTCIZ /=iZMBTCI % #
5 L= ERTIL, TBTCID40KR UBO mg/kg TiifFHE %Ak
LRI ER L, REFBEBREINRN2"Y.
10 mg/kgbh EDDBTCICIIFREMEATE LH, ERE
FERUFHERERASROENRZ2 LA A2 60, DBTC
DREEEEOREBFRUITBTCI & (TR B 2 LAURM X
Lz, —%, MBTCIOH# 5 Tix1500 mg/kg Th #F K #
BRECREVCHFERRABED ERERD o1k,
MBTCliZ, #E4R7-178 OWistarZ = b 12400 mg/kg% I
WEORS LERBIIE O THBRESERUREEEY
RaWz & 7 b, MBTCHZZ FA-R X(LEHDSR
ARMEICESLTWENnEEZ RS,
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Krowke 5 (1986)° 3~ 7 AREHF% A\ - KRT,003
u g/mLOBEDTBTOI &V BB b EE X, &
BROFEEVHFREORECREBLRIZT L AR
L L #HHRTBTOD =7 ARMEOS LIz RIETRE
RO RRTVEREERAL Y bie L AMBEER
CEAEEBLERER L. 7o MESFMaERR L AWT
TBTO, TBTCI, (3-OH) hydroxybutyl dibutyltin chloride
(3-OHHDBTCI), DBTCIE U"MBTCID{EM Z th#e L7z &
I 5, MBTCILMAOF~=3 < TOHE#A L&D
b R ORISR o L THREISRWINRIERZTL
N EREAOIEEWIZTONT, 50%:HE R BRI H
A (IP50), S50%MREsr{LMHIMAE (ID50) B TRPSO/
IDSO (P/D) %Rz & =3, DBTCHE /) DIDSOfE,
B OP/DHEERL, @EBEIRLERVEEZ LN,
Yonemoto©> (1993) "' {ZDBT® &7 ¥ 4 (IDBTE D 1
DICLBEATHD, TBTIXAHME L VT L AKEEIE
ERERTLRRTWS. ZhbDHRIE, m vivwild
137 FNAZADOREBERROBRL L<—&
LT3, DBTCIORAFMAER CEEFEMERIIEVER
HERT 7 v bO8SHEE AV TDBTCIO £ R 3R
BA{Tbhb T3, 30 ng/mLTHiE L mERNEEES
NEAEEVIRROHE, RAEBOERE, BOERER
R OE LWVETARD LA, BERESR
FERFHA 2 TORTRUCREEE2 AT IEOHED LR
BALN, 10RU30 ngmL CHEZLRBD . B
HRABERVHEEREEENS EITHBHB I N/, Nodab
(1994) * (24EHR8 B IZ &/ DODBTCI (22 mg/kg) %
MR O#RE LT v b O24BEM#% ODBTILRHEM H T

Table 6 ZOMOFEA XS L 5RERE

100 ng/g, FET720 nglgThoftBELTVS. Th
LORERL, DBTEEIZBITL, BiciiT 2 RE LRk
mP LD bE B LAFLTEY, DBTRRETEMS
EhBZLETBLTWS, £k, 8SAKEOLEER
R AR EREIRTHRODBTAE L kORBE
MAPIWE L 0 H{ED 7o, Rs#R(BS5RH), Mk e 5 (9.5
A) EOCPIMAESE (11.58) ORERMEOKEEZRAWT
SHBEEICLYBEMLEBRLE" L2 5, 85EKE
@10 ng/mL, 9.58FEDS50 ng/mLE T'11.58 FED300 ng/
mLTEFEREERALGNE. FR2EER CEERT
EENSSEERUISERETHESL, MHERVRER
RILSEEIZEH LR, ZnbORFRIZLY, DBTCI
Din viro DURBIIEORELHE L, TOBZMEIHD
RAEBRICL->TRAZDZ LMHALMNIZR>7. DBTCI
RS v MRS Lz b A 6N D EFRIEOR
R, REBRMESEDICE, THEOBRZEEMET T
HIEICEATHEEZLND.

6. TDIEHLOERAXLEVORESNM

Table 62 F MIZHDHHE A X DR EBHERAROF £
L. SDT v b ORERI2ER, AZEKE UHERP I
trimethyltin chloride (TMTCI, 0.2, 0.8, 1.7 mg/L)
X monomethyltin trichloride (MMTCI, 24.3, 80.9, 243
mg/l) Efk#EL, HEREZRELALLZA, BRUR
OEEICERIA N7, TMTCIDL.7 mg/LEE
EUMMTCIO243 mg/LEETE#11 BOEE BB OEN,
MMTCI?D24 % 10243 mg/LB¥ TAH21 B D7k Pk KB
DEENRBH =", Paule 5 (1986) " i3, SDF v
b DIEERT, 12 72iX17BIZTMTCL (5, 7, 9 mgkg) %

BHE  WHE BE5R #5A 8588 RS R *E
TMICI SDZwkh 1.7 mg/L ZEEONT 2 M - 2R - SRR &0 (k) | BRO¥E Noland et al.(1982)
TMICI  SDJw b 5-9 mg/kg $E487,12,17 8 BEER L% REERRmM, | EFREK Paule et al. (1986)
T R Rt
TMTCl THAZ v b 5.7 mg/kg iR 12 B MR L RooEHER Miyake et al (1989)
THTCI SDFwh 5 mg/kg #4620 B HHMEn T R & REk Gérdlund etal (1991)
TRDA77=F IRt 250
DMTCl  Wista 7 » b 15-20 mg/kg g 717 8 O L BREE, T oER Noda (2001)
40 mg/kg #4798 +13-15 8 O THEER
MMTCl SDFw b 243mg/l  ZEENT 2 M - SR - SEERTT &0 (k) | EREORE Noland et al.(1982)
Octyltin stabilizer ZK 30.434 (80% DOTTG and 20% MOTTG) Fagi etal (2001)
HanNMRI <% 2 20-100mghkg  ## 5-16 B HHED ! FEEEEC, |BREE

T BT, - OB - B =T
TEERY HBER

TMTCI: Trimethyltin chloride, THTCI: Trihexyltin chloride, DMTCI: Dimethyltin dichloride, MMTC]: Monomethyltin trichloride,
DOTTG: Dioctyltin diisooctylthioglycolate, MOTTG: Monooctyltin triisooctylthioglycolate.
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MEERNES L TROARBRBRETo. TMTCIHRERT
IXEERAEMI O REEMSET L, 7 mg/kglh LD RAEA
&<, ER17HE 09 mg/kel¥ TOLEERESHEL LT,
BERIZRDLT, ROBBILETEMERBYLLHh, =
OEALIIEIRTB R E L 0 LITRI2A 317 R ED
HNRFE Lo, #5E, HAERMOTMICHES ik fHEE
HENRERT L RERCERORICERELRIFT L a5
L7z. TMTCI (5, 7 mg/kg) Z3EHRI2B OTHAZ v iz
MEREPI 5 L 7= R Tit, 5 mg/kg TitEAEIEITH

LT, W7 v FoKE, AFER FEMHRUHEENST
FEILHLEBIIA LN 2o, ¥ P ERREIzE
WTTMTCIR SO RIZEBROETRL LA TV S.
¥EHR6-208 DSDF » b iZtrihexyltin chloride (THTCI, 5
mghkg) ZMHFBORE LZEE, REREIERSL
Rpofedd, EROROBRED, -T2 7 =¥ I
WIZL A5 ERVITEIOL TR LABZBERA TS
95)

Noda (2001) ¥ |, Wistar? » k D ¥E#RT-178 I2di-
methyltin dichloride (DMTCI, 5, 10, 15, 20 mgkg) #*
MEEORE L-R® T, 20 mgkg TREDEL, ¥
LWEECEERIET, BRODERLEALA, 15
mg/kglh E CREOCHBERET, BMEARETARS
Nz & 2@ELTWS. $EIRT-98, 1T4R10-128, £
UR13-15H % /= (1iEHR16-17 B IZDMTC1 (20, 40 mg/kg)
ZHMEENRE L ER TR RTERRARLO LR IR
DoniholZ kind, DMICUIES 2 RAENERER
BRTOLBRFHEARAIELLERLTVAS.

7 FNAXLERTH HZK 30434 (DOTTG/MOT-
TG, dioctyltin diisooctylthioglycolate: 80% & monooctyltin
triisooctylthioglycolate: 20%% & & #, 20, 30, 45, 67,
100 mg/kg) %Han:NMRI< 7 2 OFERS-16 B IZ38HI8E 0
BELELZA, 100 mgkg TRHAFEL, AREUEE
RERR AR, 0BEE SN SEEdH, KBEE
e, BARES%) o, 45KT100 mgke TRHED
BIRERAET, 67 mg/kghl b TURILERHEAN B UMER IR &
i, 20 mg/kgll TR OIAR B OER O BENH A B,
DOTTG/MOTTGIZ v 7 A THRABMEZRTZ LAHL
Mz Ehi"™,

7. BbUIC

TPTIHFFROBITEEAER TS LT L Y BEDO el
MELIEEZT. BICRTATPTOREIILVEART
HY, SEMOBETE AMRICALHZAEERER
BEE5H. TPTRIEIRBICESE Lz L & O FKAR
i, FERNBREERILOMHECBED o/ AT
VETRERTA ALELZLNS. ZhbORKIITPTO
FELRMY THIDPTERELLET v MZHbBH LA

5. TPT2REERMICEES L L &iTi, B BRo
R URREERS LN DN, MABEIARERRE
BHERTLED LRV, HRPIZTPTZRELES v
FORICHAEBRDITHOE(LS BEBRMERARL ) LIE
VHRTHEEEIATWS. 7y bZHAVWAETBTO2HA
FRRBRICB VT, RBRMERAR CHBEOLEMTRICKE
ERIETZLEWRENTWS, TBTIHERIIMICHRE L
el i3 FFMELS B L, TELRBMHODBT
IXTBTL Y bIEAE CRBOER L2 FE T 5. DBTIIHE
RO~ 7 A THRRICERMELZEETS. Zhb
OBBTFERNERERCONF R OBED 70 5 25
o ETICERT A EELLNS. LA L, MBTOIER
TR EXEBOEZ 5| & Z &7\, TBTH, $EHRP
O|}EIZLD, BEBHEETE - BEORL, RERE
BRUN#EREZEESTS. ERSE L OHARORRM S
TOTBTOHEEIZL Y, 0025 mghkg THROER 7o
ZrAN~DEERDERELHBESA TS, i,
A BB ZR I LVAROTBTAIEREPICRE L
el &, HAERDORIITBHELR AL OMELD
5. T v b TIIEIRS B IZDBT O AT O B3 14 55 i
H# < 725, DBT & TeBT, TBTXK UFMBT & Ciiie4 Mtk
DRBFAB R - TS, DBTIZin vitro T b FEIZ TR
RExEETS. DBTORFHILOREMR R IXEOR
Bl BZHOETICLB3:E26N5. ZhbD
in vivo& (Rin vitro®D 51 Ri%, DBTOAIEIZDBTE D
LOIWEBZLETHRLTWS, DBT2 V9 ¥HAWViX
= A FALOREERFICESE L L xiTix, B
B L BEFEERIIZ LN AD, RFFEIED LR
v, FYAFNALRAX (TMT) i3 bY~FonarX
(THT) OHEMBETROITEELSEZ S Z L8
HEENTWS., PAFALRX (DMT) OBREFRIRS
THERHESBEL2SIEEZTHRTOERSRRT
5.
HHER LB, RN, IRMMME, AR,
FRECPESEH B OMB AT T 5 0 R R RE A T, FhARTEME,
REEEEOZELAEERLREIELN, Lo
ML - THEORNE, BHAEN FHOMS RS
H0T, TOEREIZOVWTIARA L LEHL LT—#
IZRRLAZ L ETERYL. ARAZLAMOMEENER
URFEEEII OV TRSETICL LA TNAELEZAT
DN, EHITRE, HBMERROFERA X{LEHH
ERBE~OEEICLY, ROBERRUVAERICES
FRIETILABEINATVS, HERESRE, AER
RISV TIEHEREIER>TE 3R EREhTEE
SHTHY, SBOFERRELRFHFZNDE. TFALAX
BV LS FEFRAFERIEEMNERRTLED LN T
W5, Be 3T FALAZILEHOTEOEFRBE~DK
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FBIZOWTRHT 20, 7FARAX(LEMEREED
FEORBFMFTEZED TR, FRA (LAY
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20064 B U°20074F |2 BA fi & h /OECD# 4 # R (b
5 4 H 70 1 3 {if 2 5 |Zmonomethyltins, monobutyltins,
monooctyltins, dimethyltins, dibutyltins, dioctyhins“",
TBTCI, tin tetrachloride, TeBT, tetraoctiltin''’ % 0 2 X
AP L CREERER TER S A/l S0 #H
Eh, BRIhTW2., ZhbDOXETIHELEDDOME,
EREEEVE MERERIIBALTELDOLATEY,
FHR2FERAERSATWS. Zh b OF i SCEFLL~
UNEP AR ENDLITETHD.

WO

AEDTOEENEE LZIE A ORI ARER
EHRABEEEP T o ERERIIESVTNS. 4
A& TG 2858 o 858k B N B KB X £ S SR i o0
ERRIZLDP LBV LET. MR, KEREFTEDHAR
R RICERIZZH AT NV EREWERE Rigt (B,
AMIESE) RUEHREETR, FMOKREKIZIHAE
NPV R A M EEORATEFRIZEM
|5 S5

X ik

1) Piver, W. T.: Environ Health Perspect, 4, 61-79 (1973)

2) World Health Organization:Tin and Organotin Com-
pounds: A Preliminary Review. Environmental Health
Criteria 15 (1980)

3) Quevauviller, P., Bruchet, A. and Donard, O. F. X.:
Appl Organomet Chem, 5, 125-129 (1991)

4) Maguire, R. J.: Water Poll Res | Canada, 26, 243-360
(1991)

5) Sasaki, K., Ishizaka, T., Suzuki, T. and Saito, Y:: J As-
soc Off Anal Chem, 71, 360-363 (1988)

6) Fent, K. and Hunn, I.: Environ Sci Technol, 25,
956-963 (1991)

7) Lau, M. M.: Arch Environ Contam Toxicol, 20,
299-304 (1991)

8) Suzuki, T., Matsuda, R. and Saito, Y.: J Agric Food
Chem, 40, 1437-1443 (1992)

9) Belfoid, A. C., Purperhart, M. and Ariese, F.: Mar Pol-
lut Bull, 40, 226-232 (2000)

10) Tsuda, T., Nakanishi, H., Aoki, S. and Takebayashi, J.:
Water Res, 21, 949-953 (1987)

11) Ueno, S., Susa, N., Furukawa, Y., Komatsu, Y.,
Koyama, S. and Suzuki, T.: Arch Environ Health, 54,
20-25 (1999)

12) BERER, B\HE, PHRD» 0, MoTEE, RFF_,
WITE—, ABE, BE)IKET, LTk, RERS
F, BATHOR, MRE RN, S EEE A 41,
280-286 (2000)

13) Waldock, M. J. and Thain, J. E.: Mar Pollut Bull, 14,
411-415 (1983)

14) Evans, D. W. and Laughlin, R. B., Jr.. Chemosphere,
13, 213-219 (1984)

15) Laughlin, R. B. J., French, W. and Guard, H. E.: Envi-
ron Sci Technol, 4, 247-250 (1986)

16) Short, J. W. and Thrower, F. P.: Mar Pollut Bull, 17,
542-545 (1986)

17) Kannan, K., Corsolini, S., Focardi, S., Tanabe, S. and
Tatsukawa, R.: Arch Environ Contam Toxicol, 31,
19-23 (1996)

18) Kannan, K., Tanabe, S. and Tatsukawa, R.: Chemo-
sphere, 30, 925-932 (1995)

19) Tsuda, T., Inoue, T., Kojima, M. and Aoki, S.: J
AOAC Int 78, 941-943 (1995)

20) World Health Organization. Fentin’ in Pesticide Resi-
dues in Food 1991 :Evaluations Part II Toxicology.
(1992) Available from: http://www.inchem.org/docu-
ments/jmpr/jmpmono/v91prl1.htm.

21) Intemational Programme on Chemical Safety:Concise
Intemational Chemical Assessment Document, No.14
Tributyltin Oxide, IPCS (1999)

22) Colbom, T., vom Saal, F. and Soto, A.: Environ Health
Perspect, 101, 378-384 (1993)

23) BHEE RES/E B ESPEED’ 98 (1998)
24) Horiguchi, T., Shiraishi, H., Shimizu, M. and Morita,
M.: Appl Organomet Chem, 11, 451-455 (1997)

25) Snoeij, N. J., Penninks, A.H. Seinen, W. : Environ-
mental Research, 44, 335-353 (1987)

26) Winship, K. A.: Adverse Drug React Acute Poisoning
Rev, 7, 19-38 (1988)

27) Boyer, I. J.: Toxicology, 55, 253-298 (1989)

28) Intemational Programme on Chemical Safety:Concise
International Chemical Assessment Document, No.13
Triphenyltin Compounds (1999)

29) Ema, M. and Hirose, A.: "Metals, Fertility, and Re-
productive Toxicity ", CRC Press, Taylor & Francis
Group, Boca Raton, pp. 23-64 (2006)

30) Kenaga, E. E.: J Econ Entomol, 58, 4-8 (1965)

31) Gaines, T. B. and Kimbrough, R. D.: Toxicol Appl
Pharmacol, 12, 397-403 (1968)

32) Pate, B. D. and Hays, R. L.: J Econ Entomol, 61,
224-232 (1968)



48 by

i

B # # 125 % (2007)

33) Snow, R. L. and Hays, R. L.: Bull of Environ Contam
Toxicol, 31, 658-665 (1983)

34) Epstein, S. 8., Amold, E., Andrea, J., Bass, W. and
Bishop, Y.: Toxicol Appl Pharmacol, 23, 288-325
(1972)

35) Newton, D. W. and Hays, R. L.: J Econ Entomol, 61,
1668-1669 (1968)

36) Ema, M., Miyawaki, E., Harazono, A. and Ogawa, Y::
Reprod Toxicol, 11, 201-206 (1997)

37) Cummings, A. M.: Fundam Appl Toxicol, 15, 571-579
(1990)

38) Kamrin, M. A., Camney, E. W,, Chou, K., Cummings, A.,
Dostal, L. A., Harris, C., Henck, J. W.,, Loch-Caruso, R.
and Miller, R. K.: Toxicol Lett, 74, 99-119 (1994)

39) Spencer, F. and Sing, L. T.: Bull Environ Contam
Toxicol, 28, 360-368 (1982)

40) Bui, Q. Q., Tran, M. B. and West, W. L.: Toxicology,
42, 195-204 (1986)

41) Ema, M., Miyawaki, E. and Kawashima, K.: Reprod
Toxicol, 12, 127-132 (1998)

42) Ema, M., Miyawaki, E. and Kawashima, K.: Arch
Toxicol, 73, 175-179 (1999)

43) De Feo, V. 1. Endocrinology, 72, 305-316 (1963)

44) Ema, M. and Miyawaki, E.: Congenital Anomalies, 41,
106-111 (2001)

45) Kimmel, E. C., Fish, R. H. and Casida, J. E.: ] Agric
Food Chem, 25, 1-9 (1977)

46) Ohhira, 8. and Matsui, H.:
173-178 (1993)

47) Ohhira, S. and Matsui, H.: J Agric Food Chem, 41,
607-609 (1993)

48) Ema, M., Miyawaki, E. and Kawashima, K.: Toxicol
Lett, 108, 17-25 (1999)

49) Ema, M., Harazono, A., Miyawaki, E. and Ogawa, Y.
Arch Environ Contam Toxicol, 33, 90-96 (1997)

50) Ema, M. and Miyawaki, E.: Reprod Toxicol, 16,
309-317 (2002)

51) Giavini, E., Prati, M. and Vismara, C.: Bull Environ

. Contam Toxicol, 24, 936-939 (1980)

52) Noda, T., Morita, S., Yamano, T., Shimizu, M., Naka-
mura, T., Saitoh, M. and Yamada, A.: Toxicol Lett, 55,
109-115 (1991)

53) Lehotzky, K., Szeberenyi, J. M., Gonda, Z., Horkay, F.
and Kiss, A.: Neurobehav Toxicol Teratol, 4, 247-250
(1982)

5) ZEAETF, ZBYE X EHES PDWH$, 46
769-776 (1991)

J Chromatogr, 622,

55) Winek, C. L., Marks, M. J. J., Shanor, S. P. and Da-
vis, E. R.: Clin Toxicol, 13, 281-296 (1978)

56) Chemoff, N., Setzer, R. W., Miller, D. B., Rosen, M. B.

and Rogers, J. M.: Teratology, 42, 651-658 (1990)

Ema, M., Miyawaki, E. and Kawashima, K.: Bull En-

viron Contam Toxicol, 62, 363-370 (1999)

Kumasaka, K., Miyazawa, M., Fujimaki, T., Tao, H.,

Ramaswamy, B. R., Nakazawa, H., Makino, T. and Sa-

toh, S.: J Reprod Dev, (2002)

Omura, M., Ogata, R., Kubo, K., Shimasaki, Y., Aou,

S., Oshima, Y., Tanaka, A., Hirata, M., Makita, Y. and

Inoue, N. : Toxicol Sci, 64, 224-232 (2001)

Ogata, R., Omura, M., Shimasaki, Y., Kubo, K., Os-

hima, Y., Aou, S. and Inoue, N. : J Toxicol Environ

Health A, 127-144 (2001)

61) Gallavan, R. H., Jr., Holson, I. F., Stump, D. G.,
Knapp, J. F. and Reynolds, V. L. Reprod Toxicol, 13,
383-390 (1999)

62) Harazono, A., Ema, M. and Ogawa, Y.: Toxicol Lett,
89, 185-190 (1996)

63) Harazono, A., Ema, M. and Kawashima, K.: Bull En-
viron Contam Toxicol, 61, 224-230 (1998)

64) Harazono, A., Ema, M. and Ogawa, Y.: Arch Environ
Contam Toxicol, 34, 94-99 (1998)

65) Harazono, A. and Ema, M.: Arch Toxicol, 74,
632-637 (2000)

66) Fish, R. H., Kimmel, E. C. and Casida, J. E.: J Organ-
omet Chem, 118, 41-51 (1976)

67) Ishizaka, T., Suzuki, T. and Saito, Y.: J Agric Food
Chem, 37, 1096-1101 (1989)

68) Iwai, H., Wada, O. and Arakawa, Y.: J Anal Toxicol, 5,
300-306 (1981)

69) Ema, M. and Harazono, A.: Reprod Toxicol, 14,
451-456 (2000)

70) Harazono, A. and Ema, M.: Reprod Toxicol, 17,
393-399 (2003)

71) Ema, M., Harazono, A., Hirose, A. and Kamata, E.:
Toxicol Lett, 143, 233-238 (2003)

72) Ema, M. and Harazono, A.: Toxicol Lett, 125, 99-106
(2001)

73) Ema, M., Fujii, S., Ikka, T., Matsumoto, M., Hirose, A.
and Kamata, E.: Environ Toxicol, 22, 44-52 (2007)

74) Davis, A., Barale, R., Brun, G., Forster, R., Giinther,
T., Hautefeuille, H., van der Heijden, C. A., Knaap, A.
G. A. C,, Krowke, R., Kuroki, T., Loprieno, N., Ma-
laveille, C., Merker, H. J., Monaco, M., Mosesso, P.,
Nucbert, D., Norppa, H., Sorsa, M., Vogel, E., Voogd,

57)

58)

59)

60)



