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Mechanistic information on allyl ester-induced hepatotoxicity

[Summary]

Repeated admimistration of allyl esters such as allyl acetate, allyl hexanoate and diallyl phthalate
primarily causes hepatotoxicity, meluding peniportal hepatocyte hyperplasia, hepatocyte necrosis and
bile duct hyperplasia. These allyl esters are hydrolyzed to allyl alcohol, which is easily oxidized to
the reactive metabolite, acrelein, in the liver. Acrolein appears to be responsible for hepatotoxicity.
Hence, allyl esters that are predictably metabolized to allyl alcohol produce hepatotoxic effects.

[Hepatotoxic pathway induced by ally] acetate]

In rats, allyl acetate is shown to be hydrolyzed to allyl alechol (Kave, 1973 Silver and Murphy
1978). Hydrolysis of allyl acetate o allyl alcohol 1s required for allyl acetate-mduced hepatotoxicity
a theory 1s supported by the evidence that allyl acetate-mduced hepatotoxicity was prevented br
pre-treatment with carboxylesterase inhibitors (Silver and Murphy, 1978).

Allyl aleohoel 15 readily oxidized to acrelein by alcohol dehydrogenase (Serafimi-Cessi, 1972
Patel of al, 1980; Atzon ef al, 1989). Acrolein 15 a reactive substance and appears to caus
hepatotoxicity through vanous biochemical and cellular effects m the liver (Ghilarducel an
Tjeerdema, 1995). Acrolem readily forms a conjugate with glutathione (GSH). acrolein-GSH addus
(Ohno ef al., 1985; Adams and Klaidman, 1993), followed by GSH depletion (Obno ef al., 1983
Silva and O°Brien, 1989), oxygen radical formation (Silva and O'Brien, 1989; Adams and Klaidma
1993), and lipid peroxidation (Silva and O'Bren. 1989; Watanabe ef al., 1992). Acrolein is als
capable of reacting with sulfhydryl groups of macromolecules nonenzymatically via a Michae
addition, and reaction with critical intracellular sulfhydryl groups is proposed as a component of th
cytotoxicity of acrelein (Cooper et al., 1992; Eehrer and Biswal, 2000). Oxidative stress subsequen
to the loss of GSH may be associated with mitechondral dysfimction (Watanabe ef al, 1992

Ammmgam ef al., 199). Direct action of acrolein on mitochondria is pessible (Sun er al, 2006), but

seems unlikely at low doses due to the presence of abundant cellular GSH. The hepatotoxic pathway
is lllustrated in Fig. 1. The mechanism of bile duct hyperplasia mduced by allyl acetate and allyl
alcohol 1s less well understood.

Intestine and others

(PIILIRTILOFEEAD=X L)
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Fpe ey T ey
Al kool

l Alcohol dehpdrogenose
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Fig.1 Hepatotoxic pathway induced by allyl acetate.
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6-Aminochrysene
{as inhibitor)

‘ 7,12-Dimethylbenzo[a]anthracene

‘ Benzo[a]pyrene

Pyrene ‘

‘ o i ‘ _

Benzo[a]pyrene 7,8-dihydrodiol G Y 1-Methylpyrene ‘

1-Nitropyrene ‘

i

‘ Oxidized sitj
W Boundary
Dibenze[a, h]anthracene

A core space of CYP2EL active site was extracted from polycyclic aromatic hydrocarbons substrates
and inhibitor. Arrows indicate the major site of the oxidation (interaction with heme - oxygen). Assumed

space boundary is shown as chain.
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<List of 125 chemicals associated with CYP2E1>

Acetaminophen, Acetone, Acetonitrile, 2-Acetylbenzothiophene, Acrylonitrile, S-adenosyl-lI-methionine,
Ametryne, 6-Aminochrysene, Amino[aJcarboline, 3-Amino-1,2,4-triazole, Aniline, 2-Anisidine, Anisole,
Anthracene-9-carboxaldehyde, 9-Anthraldehyde, Arachidonic acid, Atrazine, Benzola]pyrene,
Benzola]pyrene-7,8-dihydrodiol, 2,2'-Bipyridine, 1,3-Butadiene, t-Butylacetylene, N-Butylaniline, t-Buty!
methyl ether, 4-tert-Butyltoluene, Caffeine, Carbamazepine, 4-Chloroaniline, 2-Chloro-4-toluidine, 4-Chloro-
2-toluidine, Chlorzoxazone, Coumarin, 4-Cyclopropylanisole, 4-Cymene, 2-Cresol, Dacarbazine, cis-
Crotononitrile, Dapsone, Deprenyl, Diallylsulfone, 2,4-Diaminoanisole, 2,4- and 2,6-Diaminotoluene,
Dibenzo[a,hlanthracene, 1,2- and 1,4-Dichlorobenzene, 1,2-Dichloro-1-fluoroethane, 1,1-Dichloro-2,2,2-
trifluoroethane, Diethyl ether, N,N-Diethylthiocarbamate, 2,5-Difluoroaniline, 2,3- and 2,6-Dimethylaniline,
7,12-Dimethylbenzo[a]anthracene, 2,6-Dimethylnaphthalene, Dimethylsulfoxide, 1,3-Dinitrobenzene,
Enflurane, Estragole, Ethosuximide, Ethylbenzene, Ethyl isocyanide, Ethylmorphine, 1-Ethylpyrene,
Flutamide, Furan, Genistein, 1,1,2,3,3,3-Hexafluoropropyl methyl ether, 13-Hydroperoxy-9,11-
octadecadienoic acid, 3-Hydroxypyridine, Isoflurane, Isoprene, Isoquinoline, Lauric acid, (R)-(+)-
Menthofuran, 7-Methoxy-4-trifluoromethylcoumarin, 3-Methylacetanilide, Methylamino[a]carboline, 2- and
4-Methylanisole, Methyleugenol, N-Methylformamide, 3-Methylindole, 6-Methylnorharman, 4-
Methylpyrazole, 1-Methylpyrene, 4-Methyltriazole, Nabumetone hydroxyimine, Naphthalene, 2- and 4-
Nitroanisole, Nitrobenzene, 6-Nitrochrysene, 4-Nitrophenol, 1-Nitropyrene, N-Nitrosobenzylmethylamine,
N-Nitrosodimethylamine, N-Nitrosodiethylamine, N-Nitrosodipropylamine, N-Nitrosodiamylamine, N-
Nitrosoethylmethylamine, 2-, 3- and 4-Nitrotoluene, Norharman, Oleic acid, 13-Ox0-9,11-tridecadienoic
acid, Pargyline, Phenanthrene, Phenethyl isothiocyanate, Phenylacetylene, 5-Phenyl-1-pentyne, Propofol,
2-n-Propyl-quinoline, Pulegone, Pyrene, Quinoline, Safrole, Styrene, 4-Vinylcyclohexene, 1,2,3,5-
Tetrachlorobenzene, Theobromine, Theophylline, Toluene, 2-Toluidine, Tranylcypromine, 1,2,4-
Trichlorobenzene, 1,1,2-Trichloro-2-fluoroethane, 2,2,2-Trifluoroethanol, 1,2 ,4-trimethylbenzene, Urethane,
Vinylcarbamate, 1,2-, 1,3- and 1,4-Xylene.
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EREBD fEEMETV
AT ) — (&) WE LOEL 7
(mg/kg/day) ranking
Azobenzenes (% I P4 & 1) 2 0.6+5.7 B
Imidazole-2-thione derivatives (B {R iR 35 M) 2 5.5+5.8
Diphenyl disulfides (% 4% Ifi) 1 30 B
Hydrazines (¥ M 4 & 1) 2 20+127 B
Acrylamides (#8 /% 2 M) 2 21+111 B
Oximes (¥ I P £ Ifi.) 3 23+7 B
Aliphatic nitriles (A& E) 4 33+46 B
Nitrobenzenes (% I 14 & 1) 12 54482 A
Hydroquinones (Jif % 1%) 2 55+64 B
p-Aminophenols (& 3 4:) 2 63+476 B
Phenyl Phosphates (Bl & ig & X 3 &%) 4 70+34 C
Anilines (¥ I 14 & 1) 18 72440 A
4,4'-Methylenedianilines/Benzidines (FB%& 3 4) 5 75+156 B
Aliphatic/Alicyclic hydrocarbons (a 2u-Z 27V B E) 6 76100 C
Aromatic Hydrocarbons (ff 7 4) 9 83+51 C
N-Alkyl-N'-phenyl-p-phenylenediamine (%I 4 & 1) 2 100 B
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ERL=A73)— (2)

KEEDO [FEMETV
ATV — (BE) WE LOEL 7
(mg/kg/day) ranking

Halobenzenes (& &) 9 101+79 A
Nitrobenzenes (ff % %) 12 108+96 C
Ethyleneglycol Alkylethers (¥ IfiL 144 1) 5 110+192 A
Organophosphates (7 %% % 4 ) 7 116+98 A
Anilines (f &) 18 146+70 C
Aliphatic amines (kb 5531 %) 6 148+202 C
Halobenzenes (ff #1%) 9 151+129 A
Benzene or Naphthalene sulfonic acid (Less susceptible) 13 223+355 C
Ethyleneglycol Alkylethers (¥ 3. 3 ) 2 231+2077 B
Nitrobenzenes (& 5 & ) 4 237+278 C
p-Alkylphenols (f % 1%) 7 250+381 A
o-/p-Aminophenols (% I P4 & 1) 3 254+606 B
Benzain sulfonamide (JR &%) 2 310+2414 B
Nitrophenols/Halophenols (ShaYR) 7H#EEESE) 13 3144218 C
Phenols (I B ) 25 405+231 C
Halogenated Aliphatic Compounds (AT & %) 17 533+£756 C
Phthalate esters (f§ 3 % ) 3 886+1466 C

95



F=EDH

REBESHICOULVTAOPIZE S LV -{EfEHY
DEWATI)—LDEHZE#HTRL, HT3
)—{bDFZEZHEIL-. COFEHEEEIZS5008
BEORERSEERBT—2ZHBITLIBERD
HTI)—Z{ERLT=.

OECD QSAR ToolboxZ#AR—XIZ, AT7T1)—
77O0—FIZEHT— 32X vl RERE
BEMARICEATCESIEETHME AT A
HETS5YNIA+—L (HESS) ZBEFLABALT-.

96



A

WO OummI

AR AT LDWER

@ AEMFERIES AT L e 1—4—
STSYNITH— FIER
METIv 7zr_ _.fx_(HESS) E—
oo TTTTTETET l A | FRELILME
E | rith jik S =
O BEABWER > o 0Lhs wu
SHEREREEDBE AR 3
= . —tp N |2 FEARME S
BREAFRRADD MNIEES ZOERMED | .
! gv N | REBSHBR | =
| e = |
.z = : qé}- = :\l O _»1’EEH\%E:I,1$|§, _)itl_
@ REMMBIT® || |d2] |8 Pl |
| = == I
ZvhRE#t~<vIDB —> %;,'j HE T g):i = T ’
=3 = SEES )= — ¥ K|
(UM SaL—4) R |#E ek
ADME DB : o Ty
(ERP4504% 3415 1) pr— ‘
|
' >E?@'I‘$ KelBRME D
OECD (Q)SAR Toolbox REZRESM

NITED DT YA RE2 R 7OV REER TR

57


http://www.qsartoolbox.org/
http://www.safe.nite.go.jp/kasinn/qsar/hess_01.html

YRt am X E R

EREH | AXR |AXOH | BREE | BRED|S5( € | BAS( | EREE
SIRAE#H |8 (HFE|EEH | A EE#H | AR | ~ADFE
=E4) *1 *D
B 25 G
B8 D 10 g 0 0 0 0
B 25 G
BEE® 4 6 0 0 |215¢9) | o 0
W3R Bl
s 2 23 0 0 0 3
&t 26 47 0 0 |215¢69) | o 3

*LFEIMAE, COS56BNEEDI—TFADT/ A 5H#
*2 OECD®M(Q)SAR ToolboxBiF, OECDDATI)—770—FFEBF, ECHAIC
HITHREACHEHME DO FFM, (X3 H5FmELT.




B D F)A

o0 ;Iiob‘ﬁ}ﬁ o FY2012 FY2013 FY2014 FY2015
e N3N TN
BASS RT L i AR 22 B (A— Y55 E R T — SR EEH)
(YN
OECD (Q)SAR Toolbox|[ZHESS ) — &A1& &
B EIEEEYME D) R 51
TR SRFLAOFHILENE | SENERER
HERT—2DIENM SEBRDIER
D B B m
mE PRI R DHE ECHAIZ & 3 & i 7— 2D S
D#E | REACH
TOFIA FEEICEKS
REACH/EH T—21ER~DEH
E%%I:Bh‘é
e ZATLRBOER WEFRNERHD
’*ﬂﬁ RO == E~DER
BEREDOARAE fRRITRERER BEDFBAE

*ZITLWOEEEER, HEBZERF IO TS BERNOREFIZ/HFTODER
SHFIEICAT OV DRARE AT LNABEMIZFIASNSGZLETHS.

99



FFEL AT LD

HESS R U'HESS DBI%, NITE{LE M B &

o 2—DR—

R—UM520124FE6 A ICH|P TREAVEPAVIRE — R A RALT-.
http://www.safe.nite.go.jp/kasinn/gsar/hess.html

RAOT o2 bBEF RO AT L (ToxBay) SOV TIE, 20114

128 cWebH—E z(-;éﬁﬁ%’cﬁﬁﬁbn\é
http://www.dm-lab.ws/ToxBay/index.php?ToxBay

F. HESSKUHESS DBO&fHF1—H—#MMWER (2012F£8831HIRTE)

e N (o —F—3
3|2 =i

Ak 88(115) 10 (11)
TDMOEZE 21 (21) 9 (9)
AR ITHA 8 (20) 1 (1)
TTERHERS - K= 15 (18) 10 (12)
B A 3 (3) 6 (6)
FRERF 1(3) 1(1)

&&t: 136(180) 37(40)

60



FIFE AT LDER

ABFALERARR AT LIZNT S, —F—DHoDREN
SHEMEZTFITTINS.
EXNGREFTEZZER/IS-HORER=EHN

[EERELTLND (20124678268, 8H21BIZ=EHE. 4§
BEEARICE[IC2REEERTE).

EHMGET—20EM (F2EEE)ZIT5PEELT
AY:Y

F=, BRSO EFDERFASRFTOAMADED,

61



EFRE#R (OECD)
ATFI)—770—F O FEHEILICEETHOECDDT—oL 3y
TIZBITAEBROBEMELT, XTI TRAFL-AOPIC
E K RERESHEOATI)—ILOEFZERELE. XTO
DIIOMNRRHELI-r—RR 2T 413, AOPDOE AEEETRTEH
ELTHEUVLEE@ZES2(T-.
HESSOYY)—RBEICLPIREESEEDT—2R—XI[L,
OECD (Q)SAR Toolbox ver.2[Z#lEsh, 2010108 (2—
BARENT=". £z, HESSOATIT)—S54T5)—IF, K1E
BEEE%HICETHHTOITAOATI7PA45—&LTOECD
(Q)SAR Toolbox ver.3IZ#BfESH, 2012F 10 IZ— &2 BH
SNHFETHS.

PL, NITE-OECDREI T O /9 M & & @O OECD
(Q)ToolboxiREEICEET 5B M D LYY ZE R (20114F)

* Hayashi, M. and Sakuratani, Y. 2011. Hemolytic anemia induced by anilines and nephrotoxicity induced by 4-
aminophenols. In: OECD Environment, Health and Safety Publications Series on Testing and Assessment No. 138,
Report of the Workshop on Using Mechanistic Information in Forming Chemical Categories: Annex 8.

** http://www.oecd.org/env/hazard/qsar 62




TV EBIB O REE

EFR R #k (REACH)

(2, ERM DREACHIZH

+5EHMEFEM TOECD (Q)SAR ToolboxZERLT

NS ER M IEZE M

A—ADE=

—Z KL=,

T (ECHA)ICHESSE AR D 5147 L

ECHADG I, RIEBRSEEHICEWLWTEHREDOEVFE

2Kk SFMAE

WTCE2EP, h73)—54T31)—

DR FEMIBOZLEEIZOVWVTEVEEMEFDIZLEN
T&7=. HESSIEXRIE, FSA47ILA—XIZHEITHECHA
DFHbiFFERZ R LSTER S ET-.

REACH®).

G2

INTE, HESSDATI)—54 T3 —I&, ECHAIZEINT
L=l

IS TLS.

63



FAREATLOFIRAGE

1) {EBEVRVFEETOFF

2013 LIBEICHEESNBIL B EBEILEYWEO T —3X vy
ST CTOFRANRRAETFNS.

2) EFEFBEETOFR
BOIVFRAIVIERRICEESEEHELTORAMNRRE

Nnd. COEDHIZEFRDEOT —2OBANRELSZALONS.

3) REACHT DO H|FF

BEICBHFE O RATLO—ERIE, BRMIEZ=E ST (ECHA) IZH VT
REACHEHME DOFEMIZFIASN TLNS.

4) TRMERFEICEITHHFE

EXENBOOMEBTIRRT SOBABERZAVTHED
BORI)—=VTICHIAT S ENRRATENS.

64



BB IR

) #HEADERIIER
REBREFNEOASHOHEL, ChISESCEENGLE

2ED, RE-RDGEREFE~ADRE.

MEEE

2) FEEANDFERIE

BYMRBEDERICEIIMEREIANDAIRMNR. EFRESH
DHLHHHEFEZRRLI-CEICLIEABEDIERANDIIR.

3)

RARPBHADERIR

FREFEDBEELE REECEERESELGE, OFEFEH
AEREE [CADILRAF.

4):FI\
Ax7Ov
MEEE

EFEADRENER

TVPDFEINZoMITELZY, BAREECHALDMEIZIEE
AR BT 1 IZE89 B Statement of Intent (SOI) A3

facnt-.

65



"50) y Ay #1

? ’é'hli i =
“J b‘b d-éﬂ

ﬁt § #6 ‘\5 L‘b{

E3
I=¥h
Hhd
&
3D
gD | t\
L
L\




	表紙
	結論－１
	結論－２
	本日のトピックス
	ハザード ＶＳ リスク
	構造活性相関による有害背評価手法開発
	全体の目標
	２８日間反復投与毒性試験
	化審法における ｉｎ ｓｉｌｉｃｏ 評価の利用開発
	研究開発項目①：　毒性知識情報データベースの開発
	研究開発項目②：　代謝知識情報データベースの開発
	研究開発項目③：　有害性評統合プラットフォームの開発
	開発方針
	成果　（１）
	成果　（２）
	開発システムの構成
	試験報告書DBの開発：　反復投与毒性試験報告書の収集と整理
	試験報告書DBの開発：　データベース入力項目の設定
	試験報告書DBの開発：　データの抽出と入力２
	試験報告書DBの開発：　シソーラスの開発
	毒性作用機序DBの開発：　化審法既存化学物質の毒性作用機序情報の収集・整理１
	毒性作用機序DBの開発：　化審法既存化学物質の毒性作用機序情報の収集・整理２
	毒性作用機序DBの開発：　溶血性物質の作用機序にもとづく分類
	毒性作用機序DBの開発：　データベース化の方針
	毒性作用機序DBの開発：　設定したデータ項目
	例：　酢酸アリルの毒性作用機序情報
	毒性作用機序ＤＢの開発：　毒性作用機序解説
	代謝知識情報データベースの開発
	代謝関連情報掲載論文の調査と収集
	代謝予測モデルの構築－ＣＹＰ２Ｅ１代謝予測手法
	ヒトＣＹＰ２Ｅ１代謝予測テンプレートの構築
	List of 125 chemicals associated with CYP2E1
	ＣＹＰ２Ｅ１代謝予測モデルによる予測結果
	ヒトＣＹＰ１Ａ２テンプレートの構築
	本手法の利用の効果
	代謝関連情報ＤＢの開発：　まとめ
	ベイジアン・ネットワークを活用した反復投与毒性予測手法の開発
	「構造活性相関手法による有害性評価手法開発」
	関西学院大学での取り組み戦略
	診断定義とＢＡＳ発掘結果および類似ＢＡＳ統合
	ＴｏｘＢａｙシステム
	まとめ

