26

RP

RP

toxicophore

Rapid prototype RP

39.5%

H24-

-010

Rapid Prototypes RP

77.9%

RP

-590 -

RP

Derek

21

RP



RP

RP
1—
2— toxicophore
RP 3 —
RP toxicophore
21 RP
RP RP
1
B.
NIHS
RP
197 ChemIDPlus PubMed
Google ChemIDPlus
RPs
RP
Vitic
Liver Toxicity Knowledge base FDA
Fourches Fourches et al.
RP NITE HESS DB
22 RP
C.

- 60 -



1 9
3 8
1
2_
3 8 RP
RP0O08 2-
RP
50% Vitic
1 Fourches
4
RP
Laiet al

NH,

A

N N

R

| ‘)k‘N
AN
NH; ~ NH,
Nu: ‘

NH,

N)\N

|
NH\{\NHZ

R

NH

/
N
NH,
A R \ ’
N)\N

|
E\H\N'—b
R

Nu

1. Mechanism of bioactivation of

trimethoprim adopted from Damsten et

al

Letteron et al Martinat et al

5_

5-hydroxyisaxonine

Martinat et al.
N
N)\N

\
I

N H

o

CYPP450 |

—_—

/
\

A

N
N)\N

<

Nu
OH

. Activation of isaxonine

Baud et

al. Alcabeset al. Zarskietal. Espinoza

et al.

_61_

Mallet et al.



1 750 mg 2.25¢g

-7,8-
Baud et al., Alcabes et al., Zarski et Sumner and

al., Espinoza et al., Mallet et al. Fennell

2- Yuan et al.
1,3-
RP
Kirman et al. 1-
Munter et al.
2_
Hurst
1,3-
NIHS
1,3- 3

o

AN Cyp P450
©/\ — - Adducts

1 5
2 1
Cyp P450
N > NO - = Adducts
3. Metabolic activation of styrene and
1,3-butadiene.
Vainio et al. Morgan et al 1993

NIHS NTP 1984 NTP 1998
RP
RP024 Harkonen et al.

RP NIHS

80%

_62-



Cruzan et al. 1

1 1
2 2 Fourches Vitic RP
B-
Chung et al. B-
RP
F
Cl Br
819 RP
RP RP006
024 o
NIHS 1
1
RP RP
RP003
50% RP009
57%
toxicophore
RP
RP RP018
57%
RP004 Fourches
_ Vitic RP
25% N-

_63-



614

RP
RP
10 RP
RP022 -3- 2 10
1 RP
Derek
471 -3-
1
Hepatotoxicity
% % %
RP 45.4 75.5 64.3
RP028 39.5 77.9 63.6
57.9% Alcabes G, Vankeerberghen L, Opolon P,
Vitic Hecketsweiler P and Levy VG.
t- Fatal hepatitis caused by isaxonine.

Presse  Medicale, 1983, 12,
2696-2697, pmid: 6228823.
Baud F, Bernuau J, Benmami N,
Pariente EA, Bouygues M, Guillan
RP dJ, Roche-Sicot J, Degott C, Rueff B,
Pessayre D and Benhamou JP.
RP031 O-tert- Acute hepatitis caused by isaxonine

phosphate Nerfactor
Gastroenterologie  Clinique et
100% 5 Biologique, 1983, 7, 352-354, pmid:
6307799.
2 Cruzan G, Cushman JR, Andrews LS,
692 Granville GC, Miller RR, Hardy Cd,
Coombs DW and Mullins PA.
O-tert- O-Tertiary Subchronic inhalation studies of

butyl ester styrene in CD rats and CD-1 mice.

_64_



Applied
Toxicology, 1997, 35, 152-165, doi:
10.1006/faat.1996.2273.

Fundamental and

Chung JK, Shen S, Jiang Z, Yuan W and

Zheng dJ. Structure-toxicity
relationship study of
para-halogenated styrene

analogues in CYP2E1l transgenic
cells. Toxicology Letters, 2012, 210,
353-359, doi:
10.1016/j.toxlet.2012.02.008.

Damsten MC1, de Vlieger JS, Niessen

WM, Irth H, Vermeulen NP and
Commandeur JN. Trimethoprim:
novel reactive intermediates and
bioactivation pathways by
p450s.
Research in Toxicology, 2008, 21,

2181-2187, doi: 10.1021/tx8002593.

cytochrome Chemical

Espinoza P, Pelletier G, Attali P, Sinico M

and Ladouch A. Acute hepatitis
caused by isaxonine phosphate. 2
cases. Gastroenterologie Clinique et
Biologique, 1983, 7, 936-937, pmid:
6689158.

Fourches D, Barnes JC, Day NC, Bradley

P, Reed JZ and Tropsha A.
Cheminformatics analysis of
assertions mined from literature
that describe drug-induced liver

injury in  different  species.
Chemical Research in Toxicology,
2010, 23, 171-83, doi:

10.1021/tx900326k.

of Environmental Contamination
and Toxicology, 2007, 189, 131-179,
doi: 10.1007/978-0-387-35368-5_6.

Kirman CR, Albertini RJ, Sweeney LM

and Gargas ML. 1,3-Butadiene: I.
Review of metabolism and the
implications to human health risk
assessment. Critical Reviews in
Toxicology, 2010, 40 Suppl 1 , 1-11
doi:
10.3109/10408444.2010.507181.

Lai WG, Zahid N and Uetrecht JP.

Metabolism of trimethoprim to a
reactive iminoquinone methide by
activated human neutrophils and
hepatic microsomes. Journal of
Pharmacology and Experimental
Therapeutics, 1999, 291 1,

292-299, pmid: 10490916.

Letteron P, Fouin-Fortunet H, Tinel M,

Danan G, Belghiti J and Pessayre

D. Mechanism for isaxonine
hepatitis. I. Metabolic activation by
mouse and human cytochrome
P-450. Journal of Pharmacology
and Experimental Therapeutics,
1984, 229 3 , 845-850, pmid:

6547179.

Mallet L, Priollet P, Renaudin JM, Petite

JP, Vayssairat M and Camilleri JP.
Hepatotoxicity caused by isaxonine
Gastroenterologie

1983, 7,

phosphate.
Clinique et Biologique,
429-430, pmid: 6307801.

b

Hurst HE. Toxicology of 1,3-butadiene,

chloroprene, and isoprene. Reviews Martinat C, Amar C, Dansette PM,

_65-



National Toxicology Program

Leclaire J, Lopez-Garcia P, Cao TD,
N'Guyen HN and Mansuy D. In
vitro

metabolism of isaxonine

phosphate:  formation of two

metabolites, 5-hydroxyisaxonine

and 2-aminopyrimidine, and
covalent binding to microsomal
proteins. European dJournal of
Pharmacology, 1992, 228 1,
63-71, doi: 10.1016/0926-6917 92

90013-3.

Munter T, Cottrell L, Ghai R, Golding BT

and Watson WP. The metabolism

and molecular toxicology  of
Chemico-Biological
Interactions, 2007, 166, 323-331,

doi: 10.1016/j.cb1.2006.05.017.

chloroprene.

National Toxicology Program  NTP
Toxicology = and  carcinogenesis
studies of chloroprene = CAS No.

126-99-8 in F344/N rats and
B6C3F1 mice inhalation studies .
National Toxicology Program
Report, 1998, available at

"http://ntp.niehs.nih.gov/ntp/htdocs
/t_rpts/tr467.pdf".

NTP
carcinogenesis
studies of 1,3-butadiene  CAS No.
106-99-0 in B6C3F1

inhalation studies

Toxicology  and
mice
. National
Toxicology Program Report, 1984,
available at
"http://ntp.niehs.nih.gov/ntp/htdocs
/t_rpts/tr288.pdf".

Sumner SJ and Fennell TR. Review of the

_66-

metabolic fate of styrene. Critical

1994, 24
Suppl 1 , 11-33, do:

10.3109/10408449409020138.

Reviews in Toxicology,

Yuan W, Jin H, Chung JK and Zheng J.

Evidence for cellular protein

covalent binding derived from
styrene metabolite.
Chemico-Biological Interactions,

2010, 186, 323-330, doi:
10.1016/5.cbi.2010.05.004.

Zarski JP, Dentant L, Grauer JL, Piton

JL, Cabanel G and Rachail M.

Acute hepatitis caused by

isaxonine: a case report with

reintroduction. Gastroenterologie
Clinique et Biologique, 1983, 7, 430,

pmid: 6688231.

Derek

RP



RP

RP

Derek

in vivo

in vitro

MIE
Lhasa

RP
22 RP
2
8
RP
toxicophore
39.5%
77.9%

1) Ema, M., Endoh, K., Fukushima, R.,
Fuji, S., Hara, H., Hirata-Koizumi,
M., Hirose, A., Hojo, H., Horimoto,
M., Hoshino, N., Hosokawa, Y., Imai,
Y., Inada, H., Inawaka, K., Itoh, K.,
Katsumata, Y., Izumi, H., Kato, H.,

_67-



2)

3)

4)

Maeda, M., Matsumoto, K., Matsuo,
S., Matsuoka, T., Matsuura, I.,
Mineshima, H., Miwa, Y., Nakano,
N., Naya, M., Noyori, H., Ohta, T.,
Oku, H., Ono, A., Shimizu, T.,
Shimomura, K., Takakura, 1.,
Tanaka, R., Tateishi, T., Tominaga,
Y., Uesugi, T., Urakawa, C., Yabe, K.,
Yamashita, A., Yamauchi, T. and
Yokoi, R., Historical control data on
developmental toxicity studies in
rodents. Congenit. Anom. Kyoto
54, 150-161, 2014.

Kato, H., Fujii, S., Takahashi, M.,
Matsumoto, M., Hirata-Koizumi, M.,
Ono, A. and Hirose, A., Repeated
dose and reproductive/developmental
toxicity of perfluorododecanoic acid
in rats. Environ Toxicol doi:
10.1002/t0x.21996. [Epub ahead of
print]

Matsumoto, M., Masumori, S.,
Hirata-Koizumi, M., Ono, A., Honma,
M., Yokoyama, K. and Hirose, A.,
Evaluation of in vivo mutagenicity of
hydroquinone in Muta™mice. Mutat
Res, 775-776, 94-98, 2014.

Yamada T, Tanaka Y, Hasegawa R,
Sakuratani Y, Yamazoe Y, Ono A,
Hirose A, Hayashi M. Development

of a category approach to predict the

testicular toxicity of chemical
substances structurally related to
ethylene glycol methyl ether. Regul
Toxicol Pharmacol. 70, 711-719,

2014.
5) , , ,
, OECD 24
3 OECD
2012 ,
, 10, 25-36, 2014.
6) , , ;
, , OECD
25 4 5 OECD
2013
DC , , 10,
46-57, 2014.
7) , , ;
, OECD
5
, , 10, 37-45,
2014.
2.
1) Hirose, A. Fujii, S., Suzuki, T., Kato,

H., Kawamura, T., Takahashi, M.,
Matsumoto, M., Hirata-Koizumi, M.,

Ono, A., Nishimaki-Mogami, T.,

_68-



2)

3)

4)

Nishimura, T. and Ema, M.
Combined repeated dose toxicity
studies with the
reproduction/deveropmental toxicity
screening tests for long-chain
perfluoroalkyl carboxylic acids in 5)
rats. The 50th EUROTOX2014

2014.9, ,
Hirose, A., Kosugi, Y., Suzuki, T.,
Fujii, S., Kato, H., Takahashi, M.,
Kawamura, T., Matsumoto, M., Ono,
A. and Hirata-Koizumi, M. Chain
length-dependent difference in the
toxic potency of long-chain
perfluoroalkyl carboxylic acids
(PFCA) in rats: Determination of the 6)
serum pfca concentrations.
DIOXIN2014 2014.8, ,
Hirose, A., Kosugi, Y., Suzuki, T.,
Fuji, S., Ema, M., Nishumura, T.,
Hirata-Koizumi, M., Ono, A.
Analysis of the serum perfluoroalkyl 7)
carboxylic acids (PFCAs) levels for
repeated-dose toxicity studies

conducted for long-chain PFCAs in

rats, 54
2015.3 San Diego, California,
USA

Ono, A., Kobayashi K., Matsumoto,
M., Ema, M., Nishimura, T.,

_69-

Hirata-Koizumi, M., Hirose, A.
Initial risk assessment of
B-bromostyrene, 54
2015.3
California, USA

San Diego,

Yamada, T., Tanaka, Y., Hasegawa,
R., Sakuratani, Y., Yamazoe, Y., Ono,
A., Hirose, A. and Hayashi, M.
Hazard evaluation support system
(Hess): Category approach to screen
chemicals which are metabolized to
methoxy-or ethoxyacetic acid

responsible for testicular toxicity.

The 50th EUROTOX2014 2014.9,
C14, C16
41
2014.7,
HESS
41
2014.7,



_70-



