~/ =)L (CAS no. 17804-35-2)

X SRR MRl R
TSN EH
IZRbRFY | RIRbASFY | FrRasy | BTV FOSY ;%fi iizﬁ $%§> 5325
O O - O - - - O

O : BifFfI R DR S h -4k

— : BFRIRA BRI SN o =15
*ZT Ot R TH—TER—ERRE~DERF

N IV OWGEA  EUEMICBE S 5@ & LT BRBRICRE W T, SR FE— TR —E

FERREH~OYER, LA b e VBB, U7 v R Z UARER 25 2 &0 BBE B O ®

(CBWT, =X ha by AEH, Pl A ba S AR 2R 2 LR E T,

(1) EEEE

® Spencer ©5(1996)(Z & > T, X/ /L 500, 1,000mg/kg/day % 564 5 H B (1 B B+ 5 SEERH)
WOLE, 4 B BICHIREREES SALE)D S 5 BRI ARG L7zl SD 7 » OBt h
TW5, TOFEE L LT, 500mg/kg/day LA EDIE< BRECTHEAMASNEER, FENEEAES
HEZOBMENRD b, 7ok, Mg 178-= A b7 U4 —/VRE, TR a7 A7 R
B, FEARNER TR ha S U/ ERRE, FERNER T R S AT a U BRI TR
D BRI T,

HMESNAERAA D=L i & b o 7 U REER
Carter ©5(1984)iZ k- T, X/ /L 125, 250, 500, 1,000mg/kg/day % 75 HinA>5 5 H R D
FhH LUTCHESD 7 v MO (F i G- 29 HZICERIN, 31 ARIZHR) PGS TnWb, £

DOFEFRE LT, MR BRI 20 H BB R0 72 AR A, g IR AR V€ R
M EAABAR 22 SERE M 23580 B ALz, 723, KRGt EE, R B, R LIRS
B, R RRRM EE, R AR ks TR 8. (KR, IR EICITEET
D %%L?‘cmf»o 720

F7-. X/ 21125, 250, 500, 1,000mg/kg/day % 54 Hinn5 5 H R Q5 L1 SD 7
> h«@%m(ﬁ%g&“ﬁ 29 HARICERIL, 31 HRICHIR)ABEI SN TWD, TORRE LT,
FEEGME T B, R R R B, R RO A0 A B A 7 AR B R 2358 D B
Teo 2%, FHEEMOTE S, FEE RORTEM T B, MyE IR A L IR EE, RS HIRBET
o5, RS PR, RE, IR EIIRD b o T,

F7=. X/ I/ 125, 250, 500, 1,000mg/kg/day % 33 Hii 5 5 HRERR O£ 5 L7-1E SD 7

v NSO (B &P 29 HIRIZERIM., 31 HAZISHIRR) DA STV D23, RSBk 8 &
M i, R ARTEME T, RS DR EE, Mg PN v E CREE, R
B RRBETORS 2 RSB BN TPREER. WREE POR A REE, A EICITEEITR D &
oz,

BESNDIEMA D=L 57 v R 7 ARRER, SR FE— T A—A 5 g~ D 1/EH

1



(2) TR +ES VA
® Kim 5 (20092 K-> T, X/ 2L 1 uM(=290pg/L)DIREIC 4 HIEK B LB T 97 4 v =
(e h— 2 ba o ZRERERBRE BN LDLVR—F =T v A (=R b7 Ui
Bl & 6D LR — & —iE s -8 AL 2 AW = BRI LT v~ & — 8%
HFHEB)PBRF STV, ZTORELE LT, M7 e~ —EBREFBENTD iz,

(B TR AT UIERFRIEIR IR AT U EA
® Scippo ©(2004)IZ L > T, X/ /L 1,000uM(=290,000pg/L) £ TOMREHPH T, £ b= X ha X/
VEBE o AW AERBRA B STV D, ZORERE LT, ICsfH
205uM(=59,500ug/L) DI TR 178-= A kT VA —/L 2nM IZ L DG #E LT,

(4) MEFERIRFRES HEA~NDE
® Morinaga ©(2004)iIC L ~>C, X/ b1, 2, 4, 6. 8. 10uM(=290, 580, 1,160, 1,740,
2,320, 2,900ug/L) DI 24 REEIEX < #8 Lo & b UPE R AR AT i KGN ~D 2288 ) &+t
EINTWND, TORERE LT, 4uM(=1,160pg/L)LL EDIZ L X TT v~ & — X FREELED
BENTRD STz,

F 72, 10uM(=2,900pg/L) DL 24 REIX < 88 L7- b YRR IRAR IS AL KGN ~D 52
BRMRBFT SN TS, ZOREL LT, Ta~v ¥ —PHIEHEE, 7o~4%—F mRNA fHxf
REEOEMENPRED LN, 7B, 7ur A7 a o pEAE, P40scc mMRNA FHx 3 HL &, StAR
MRNA FEXP R B S I 1T BT O b e o Tz,

F72. 10uM(=2,900ug/L) DI FEIZ 24 L < 88 L7 IEH & N INEERERL IS AE ~ D 828 )3 f
HEINTWD, FORRL LT, 7Ta~v¥ —PHIREEDESENRRD Sz,

PBEINDIERA =X L ZOMOER (7 e~ —8iEr EHIER)



SE XX

Linder RE, Rehnberg GL, Strader LF and Diggs JP (1988) Evaluation of reproductive parameters in adult
male Wistar rats after subchronic exposure (gavage) to benomyl. Journal of Toxicology and Environmental
Health, 25 (3), 285-298.

Kavlock RJ, Chernoff N, Gray LE, Jr., Gray JA and Whitehouse D (1982) Teratogenic effects of benomyl in
the Wistar rat and CD-1 mouse, with emphasis on the route of administration. Toxicology and Applied
Pharmacology, 62 (1), 44-54.

Hess RA, Moore BJ, Forrer J, Linder RE and Abuel-Atta AA (1991) The fungicide benomyl (methyl
1-(butylcarbamoyl)-2-benzimidazolecarbamate) causes testicular dysfunction by inducing the sloughing of
germ cells and occlusion of efferent ductules. Fundamental and Applied Toxicology, 17 (4), 733-745.

Piersma AH, Verhoef A and Dortant PM (1995) Evaluation of the OECD 421 reproductive toxicity screening
test protocol using 1-(butylcarbamoyl)-2-benzimi-dazolecarbamate (benomyl).  Teratogenesis,
Carcinogenesis, and Mutagenesis, 15 (2), 93-100.

Linder RE, Strader LF, Slott VL and Suarez JD (1992) Endpoints of spermatotoxicity in the rat after short
duration exposures to fourteen reproductive toxicants. Reproductive Toxicology, 6 (6), 491-505.

Carter SD and Laskey JW (1982) Effect of benomyl on reproduction in the male rat. Toxicology Letters, 11
(1-2), 87-94.

Spencer F, Chi L and Zhu MX (1998) Biochemical characterization of benomyl inhibition on endometrial
growth during decidualization in rats. Advances in Experimental Medicine and Biology, 444, 163-169.

Spencer F, Chi L and Zhu MX (1996) Effect of benomyl and carbendazim on steroid and molecular
mechanisms in uterine decidual growth in rats. Journal of Applied Toxicology, 16 (3), 211-214.

Carter SD, Hein JF, Rehnberg GL and Laskey JW (1984) Effect of benomyl on the reproductive
development of male rats. Journal of Toxicology and Environmental Health, 13 (1), 53-68.

Barnes TB, \erlangieri AJ and Wilson MC  (1983) Reproductive  toxicity  of
methyl-1-(butylcarbamoyl)-2-benzimidazole carbamate (benomyl) in male Wistar rats. Toxicology, 28
(1-2), 103-115.

Vergieva T (1998) Single day treatment - a feasible tool in revealing not dependent on maternal toxicity
teratogenic potential. Advances in Experimental Medicine and Biology, 444, 191-199.

Zeman FJ, Hoogenboom ER, Kavlock RJ and Semple JL (1986) Effects on the fetus of maternal benomyl
3



exposure in the protein-deprived rat. Journal of Toxicology and Environmental Health, 17 (4), 405-417.

Hoogenboom ER, Ransdell JF, Ellis WG, Kavlock RJ and Zeman FJ (1991) Effects on the fetal rat eye of
maternal benomyl exposure and protein malnutrition. Current Eye Research, 10 (7), 601-612.

Ellis WG, Semple JL, Hoogenboom ER, Kavlock RJ and Zeman FJ (1987) Benomyl-induced craniocerebral
anomalies in fetuses of adequately nourished and protein-deprived rats. Teratogenesis, Carcinogenesis, and
Mutagenesis, 7 (4), 357-375.

Kim DJ, Seok SH, Baek MW, Lee HY, Na YR, Park SH, Lee HK, Dutta NK, Kawakami K and Park JH
(2009) Benomyl induction of brain aromatase and toxic effects in the zebrafish embryo. Journal of Applied
Toxicology, 29 (4), 289-294.

Scippo ML, Argiris C, van de Weerdt C, Muller M, Willemsen P, Martial J and Maghuin-Rogister G (2004)
Recombinant human estrogen, androgen and progesterone receptors for detection of potential endocrine
disruptors. Analytical and Bioanalytical Chemistry, 378 (3), 664-669.

Morinaga H, Yanase T, Nomura M, Okabe T, Goto K, Harada N and Nawata H (2004) A benzimidazole
fungicide, benomyl, and its metabolite, carbendazim, induce aromatase activity in a human ovarian

granulose-like tumor cell line (KGN). Endocrinology, 145 (4), 1860-1869.

(FRK 27 FEE5 1 UL E ON oW < ELIEMICET 2 BEta 23586 2-1 L0 5Ky



