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Abstract :

An enhanced one-generation reproductive toxicity study in rats without adjusting a litter size was proposed as a rapid and
reliable screening assay for predicting low-dose effects of suspected endocrine disruptors. This protocol includes detailed
examinations (full necropsy, determinations of sex organ weights and mRNA expressions of estrogen-responsive genes in the
prostate and uterus, and histopathological examinations of major sex organs) of all F1 pups in a half of litters in each group
at weaning. All the remaining weanlings are observed for their sexual maturation and estrous cyclicity until terminal
sacrifice at 12 weeks of age, which is followed by sperm analysis and the same examinations as those of pups at weaning.
The assay has successively detected adverse reproductive effects of ethynylestradiol (EE), a reference estrogen, on dams at

T303-0043  FIR IR T P F AR T 4321 3 H
Uchimoriya-machi 4321, Mitsukaido-shi, Ibaraki 303-0043, Japan.

J. Natl. Inst. Public Health, 54 (1) : 2005



30 WIFLA IS BT 2 W oriear < SR B9 % RRBRIE O 921 & [

dose levels of 0.3 and 1.0 u g/kg/day, suggesting that the sensitivity of this assay is equivalent to that of uterotrophic assay.
The exposure of EE at dose levels of 0.01-0.1 u g/kg/day during the gestation and lactation periods also induced modified
expressions of several estrogen-responsive genes in F1 offspring without exhibiting any morphological and physiological
alterations. These results suggest that the mRNA expression in treated F1 offspring may be a sensitive marker for
monitoring low-dose effects of suspected endocrine disruptors.

We further studied low-dose effects of 22 suspected endocrine disruptors by this assay, in which approximately 800 F1
offspring per each study were examined in detail. However, none of these chemicals showed apparent low-dose effects,
although deviations beyond the historical control range were occationally found in some endpoints such as body weight
gains, organ weights and gene expression of certain gene(s) accompanied by no clear dose-response relationship. As the
detailed chemical analysis revealed that the basal diet for experimental animals abundantly contains phytoestrogens and was
contaminated by several environmental contaminants such as phthalates, accurate detection of low-dose effects of chemicals
by in vivo assays is suggested to be almost impossible under the conventional environment.

Keywords : suspected endocrine disruptors, low-dose effects, enhanced one-generation reproductive toxicity study, mRNA
expression, contaminants in a diet, and ethynylestradiol (EE)

OEHE (BFOFEEABRTEEERE L SN 550

&I

W57 < BL B RE O R B L BRI % a3 4
FRICEBER SN MOMmCICHELS L LT, 22T X b
7 UBERWREN R E SN N WIE Y ICE S S b K
HAREEOWEEICOWT, BREETo Y27 b e LCTHE
Sl B EE RO K R %2 2 L oo
5.

RAEZELE,  FPBEIREEIND L) 2HESR,
e R R THANO NI HE L ) DRV AR T &k
CENDAWYFN B ETRYT. CoOMER, AT A Mo
1 v T % Diethylstilbestrol (DES)RFHWT A b a4 » kifE
H#EzLDOERA7x/—IVA (BPA) %Ak4 & Hw Tk~
NG L CEINHORIRERZMNET S L, HdT
KW &E (DESTIZ0.02 - 2 4 g/kg/day, BPATIZ238 £ V20
ug/kg/day) THEHmOWMIMNABIZINS L OHE (Nagel et
al, 1997; vom Saal et al, 1997) IC¥i% 53 5. €O, fHH{
TN o OEROBRASLEMP ORI IT b, FEIZBPA

Response - ------- o ®*------- o

Liver wt.

N
“e Body wt.

Dose level
Fig 1 Schematic dose-response curves of body weights
and liver weights in animals treated with a usual endocrine
inactive toxicant.
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R 2R CEHREICB T A KIS &3 mo K (FEi
DET) 2RT2E (LX) RKBIE “FEUFHLR" LI
N5b) BNEETH L2 51F, BT Lo/ s
WAL LN ITOY ZZEIITIEL FOReED T -
BRI N WS L LR D, Wik 51, SRS
Ltk (hiim) & A2 Lofde 2 2RIk 0
LI ENTEZLELTH, ZNHOBTHDILHITH D1
OHBEOEZPICHEETLEDIE “E0HMMHE" 2R
LEWRY, GRAHEZMLIZEIZNZHITILZELT

J. Natl. Inst. Public Health, 54 (1) : 2005



H L 31

ERL A5 THAH. LIL, ThIETomwEET, #
72 L TARIEAER R BOFE RIS TETVWLIDTHAS )
e

KEGTIE, BEBRIERIC AT 58T 5 e WisE |23E
HLT, FIHWERORE, BB L OHRALR EI2on
THEBETL., DWT, INOHOEEEWNIPEL 22K E B
FEROFERI LD T, AR EORE IOV THEmT 5.

EMEREERT ABICHESh RE
BYICERTY 38RE

FIETOHRNWIETHABDS, MaLhBWEBR TSN
LR (kE, HE, RIRER, EERR L) KT XT
ARZEDEFET 5. RADWIREICBII AT -5 2 ATH,
FURBDT Y N THoTHIEY Y o mERZITRL T
—ETHL, MERICBT2HEROREIFREO RN T
FEPLBOHWICER RS, T2, TROHOT—FIZBHLT,
Oy NMEOFEHHLELIITNLL, Ty FORmEAR LN
k2 ISR T 2 2 b Blgt s s (Aoyama et
al, 2002 ; FINEFER, 2004). X512, BOMKRE L [FBEE
BoOBIIZHBEERYD D, 1EOMIHE T 2 B oh—
- GEFIIEAH ORI Tl HEAIC T O ARI8IEE 720 5 X9
IS B) THhHBHFIIZEDBEOEOKE D IR E
i) 2%, WERBZREL 2WIESIERERERE L 2512
N CTROREI/NS L B EHANHS N TH S, A - 5
AE B CEE A SN RO T v P TIR, WEREE
LS 3ARECEBER L Vo 27— & O R
/NS %D, 10%Hi#OEBRE (B 2/ FI9ME) 28
Bohb. T2, BONITE R L 7-05eE B S
HRERE YT L &, ERERPHEROAFAFIELTHIZ
EF CREEOZBREIHEONS.

—75, WPEEROMEI R &34 12 LCHllERE O =
1:D) »5FELLTNAIELDY, BT, SWoirdhs
BIZIEF =T 714 =NV FEF AP EPIENBITEIREBICE
FAEYONE E3) ML BHREE), ficokrE s

Response

Prostate wt.

Dose level
Fig 2 A schematic inverted U-shape dose-response curve
in prostate weights of male mice obtained from dams
treated with a certain estrogenic endocrine disruptor
during pregnancy.
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JECTBIE X N5 (Aoyama et al, 2002; Nakatsuka et al., 1997)
L, BMAEEEOI0=—IZ - EORETHEEZHLT S
SBUBIRT RSN TWC, Al - S8k d kiR % FEhtid
LBBETHO NI REY TENS OBEMLETIREL o TH
L3528 DH%S (Aoyama et al, 1988; Kaneda et al.,
1989).

WU ORI HE D AR 1L, EEREWICNET S
INODOEYENRE Y TR L7 b CHERGHHE % 37
T, WSHEMFBER R (FEEOFM) 12139 ) 5 E2 I
LT, TNEThOBRBEOFEEELZZEE L >Oo%BIICT—
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(Table 1). {HHWEICBEL T, WD L EER 5D
NB75VEEY2-ZF VAF YV (DEHP) X729 XT
OFF Tl kgh BT ugE TR TBY, KRELFLZD
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Table 1 Phytoestrogens and major contaminants in basal
diets (CE-2) used in enhanced one-generation reproductive
toxicity studies.

No. of lots Concentrations
Analyzed compounds analyzed (Range)
Phytoestrogens (mg/kg)

Daidzin 7 62-120
Daidzein 7 ND (<5)-19.0
Genistin 7 83-170
Genistein 7 ND (<5)-32.0
Coumestrol 7 ND (<1)-2.2
Majorcontaminants ( u g/kg)

Di (2-ethylhexyl) phthalate (DEHP) 5 130-380
Di-n-butylphthalate (DBP) 5 ND (<25) -55
Nonylphenol 3 ND (<15) -22
p.p-DDE 2 0.09-0.52

ND : Notdetected.
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Endpoints to be examined in F1 offspring:
Ano-genital distance (AGD)
Sexual development
Weights of sex organs including the uterus and prostate
Sperm analysis
Necropsy
Histopathology
Expression of mRNA (ERs, AR, early responsive genes)

Fig 3 Schematic explanation of an enhanced 1-generation
reproductive toxicity study.
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