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Rat One-lifespan Test as a Definitive Test for Endocrine Disruptors

Ryo Onta, Takashi Mivanara, Takeshi Martavosui, Hideo Oumukar, Hiroshi Ono

In order to establish a definitive test protocol for endocrine disruptors, a one-lifespan test
was performed using rats and the aging process of reproductive function was observed.
Neonates of Sprague-Dawley rats received forced oral administration of diethylstilbestrol
(DES) at doses of 0 (vehicle), 0.05, 0.5 and 5 ug/kg for 5 days after birth. Sexual maturation
(vaginal opening and preputial separation), estrous cycles (from 8 to 49 weeks of age), mating
(at 12, 23, 34, 56 and 68 weeks) and litter size (of the 1st to 3rd parturitions) were observed.
Each half of the males were examined for sperm counts and organ weights at 26 and 52
weeks of age. In half of the females, hCG induced ovulation and organ weights were
examined at 54 weeks of age. Then the observation of remaining animals was terminated at
101 weeks and survival rate were determined.

Vaginal opening in the group received DES at 5 ug/kg was significantly earlier than the
vehicle control group. Normal estrous cycles were observed in no animals of 5 ug/kg DES
group throughout the study, and in less than 10% of 0.5 ug/kg DES group at 28 weeks and on.
Fertility rate of 12 week-old females of the 5 ug/kg DES group was 0%, and that of 23 week-
old females of the 0.5 ug/kg group was 33.3%. Mating rate of 0.05 ug/kg females of this age
was reduced to 60%. Influence of neonatal DES exposure was not observed in the first
delivery in any group, but in the second parturitions litter size was reduced significantly in
the 0.5 ug/kg group. Organ weights of 54 week-old females showed dose-related significant
increase of pituitary weight in the 0.05 to 5 ug/kg groups. Adrenal weight was increased in
the 0.5 and 5 ug/kg groups. Weight of ovaries was lowered significantly in the 0.5 and 5 ug/kg
groups. Testing of induced ovulation with hCG revealed lack of influence of DES on number
of shed oocytes. No effects of neonatal DES exposure in males were observed on preputial
separation, fertility, sperm counts and organ weights. The lower survival rate was observed
in the 5 ug/kg group females.

These results showed that early life exposure of low doses of DES potentially cause
precocious sexual maturation, and decreases in reproductive function such as estrous
cyclicity, fertility or litter size in female rats. These effects were considered to cause through
disruption of hypothalamo-pituitary system, not through direct disturbance on ovarian
function. The effects of DES observed in this study indicate the usefulness of one-lifespan
test as a definitive test protocol for endocrine disruptors.
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M AEH 2 HA SERO LY, HIZERISHL
CREURTECHERROBREL LTEEBE
L7:. &BEoM20tix, 8:H#H» 5 49 M#E T2
G TEH 28H, ERAHRRL, HRAMZE
Bg L7z, BEGERNA, BN, BERL
iCaBL, EAOOWE"E FRICHEREOR
B BEOMBEA2CIE, 12, 238X
34 MMeA 5 2B M %2 BREEIC, WokzCAC % 8T
T1: 1 THAXR . BNKE TR H
BENLoHE, BIZEBLEMREL, IR
VHEREINFAEORL, wihd 280 % RE
AR S, B, X5125638 X U688 M
76 2 M & BREE ML ERE L SRS SR A
LR TRV HRZ SN/ IZBRS KR S &, ik
A¥BIUCEREEZHERL, WEOBLU4HD
WERAEZ M E LA, SR 13 H L
Bl EUIRL, EROEEAHEZL /2.

HElX 26, 5238 X UF1010kKy, MIZ54B LT



101 HEHFIC R Y FSIVE F — L F b Y 7 L FREE
FToRmL, L. HEE S 101 8K D
WM, BN, TEMK, HARER, PR, B,
R, BIE, MM, BEEAE Az (%),
HE (BEREEL), Y, TEOERLIE

L.

26 3 X UF52 i D FIMEBF ICHEA SIRHLL, 3K
HEFEL-BELARSS X UREZHYTHT
MBI TRSHRLHELZ. HELEKRRS
T USHERE, Mok, REVFA ALK TES
i # Modified IDENT STAIN Kit (Hamilton-
Thorne) (ZX h¥eta L, HTM-IVOSIZL V), ¥
BEARBBIUHEERY:-VOBTFHEBLIT
TR R R RO 727,

HM L HME1DCIE, 54 BiGEFIZHESE V] EE 7 5B
O EAHEDRT A 720, HE16~ 17REMIFTIC
v FREMMREEHR LV EY (hCG, Sigma) #
10 TU BEIRAES L, SRR IZIRE N OB EEHE
THE - g S A A

BEFLRTORICHT 27— 7 XA, IR
OF— 7 3EEEFEREME LTRITLZ. #
i BERER, EREBIUHTFEOT— %4,
— R BR OGS 2T, BHICAEENR
» 5N 7841 E Dunnett k12 & 5 % EHERE
iTo7z. Y, HRHRS L OCEFEOT—
%1%, Kruskal-Wallis ®E{7 B E % 1TV, #EE

- B ] |F

E |E L

S S 7 e
B v g

7 1| & Z &

8 1l |1 1|l
E ‘B AALE
L 7 87
] 2 G |12 o |
= %g ’ @7 ¥ B>
o 50T kZ 12 18 |G 7
= C g |G 1Y |G

. ¢ 7
Q 27 v |7 “7n
= 2 g |G Y |G
s 110 |10 M |l ||
£ 2 |12 |19 |19 |7
Z |19 |1g |l |
- 7 |7 %/ 270N
< v |17 | §.Z 7
Wig W (172 (17 |17

0 A

s N

%9
7‘3‘
8
&D
Q. >,

i Fe s &

CAEBEEFBOORBEICE, B EL Mz
H\wvTDunnettiElZ L 22 HHE LT /2. K
RESL L UZKENEZ, Fisher DEEHMERE
WEBREZITo72. ABAKERISLELT1%
& L,

BR

E . EHOHILMILT T, BIUMAREY,S
26k COREIX, FEHELOLMEHAICHML,
MiHEE L DESHESOERBIEIZDLO LD o1,
7, 268K EHERIIOVWTE, 468
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1 HERMICDESER/SLASDRS v POTHKMR

st s

Males Females
DES (ug/kg) 0 0.05 0.5 5 0 0.05 0.5 5

At 12 weeks of age

Copulation index (%) 100.0 95.0 100.0 90.0 100.0 95.0 1000 90.0

(No. copulated/no. mated)  (20/20) (19/20) (20/20) (18/20) (20/20)  (19/20) (20/20) (18/20)

Fertility index (%) 100.0 84.2 95.0 100.0 90.0 81.3 80.0 0.0 *=*

(No. pregnant/no. copulated) (20/20) (16/19) (19/20) (18/18) (18/20) (13/16) (16/20) (0/18)
At 23 weeks of age

Copulation index (%) 100.0 95.0 100.0 90.0 100.0 60.0 ** 90.0

(No. copulated/no. mated) ~ (20/20) (17/20) (20/20) (18/20) (20/20) (12/20) (18/20)

Fertility index (%) 89.5 1000 1000 833 80.0 58.3 333+

(No. pregnant/no. copulated) (17/19)  (17/17) (20/20) (15/18) (16/20) (7/12)  (6/18)
At 34 weeks of age

Copulation index (%) 100.0 90.0 100.0 950 55.0 25.0 20.0 *

(No. copulated/no. mated) ~ (20/20) (18/20) (20/20) (19/20) (11/20)  (5/20)  (4/20)

Fertility index (%) 95.0 72.2 90.0 84.2 54.5 60.0 25.0

(No. pregnant/no. copulated) (19/20) (13/18) (18/20) (16/19) (6/11)  (3/5)  (1/4)
At 56 weeks of age

Copulation index (%) 90.0 60.0 60.0 79.8

(No. copulated/no. mated)  (18/20) (12/20) (12/20) (15/20)

Fertility index (%) 72.2 66.7 83.3 66.7

(No. pregnant/no. copulated) (13/18) ( 8/12) (10/12) (10/15)
At 68 weeks of age

Copulation index (%) 57.9 47.4 55.6 55.6

(No. copulated/no. mated)  (11/19) (9/19) (10/18) (10/18)

Fertility index (%) 72.7 66.7 80.0 50.0

(No. pregnant/no. copulated) ( 8/11)  (6/ 9) (8/10) (5/10)

RN EEFLEBLTHEE G%BL1%) $H5Z L ERT.

T—FIZRELER L OXRERELES TN,

£2 MERYICDESE#/SEL-SDERT v hOBERE

DES (ug/kg) 0 0.05 0.5 5
At the 1st parturition
Number of dams 18 13 16 0
Gestation length in days 221 £0.3 222 £07 221 =05
Number of newborns 13.9 £ 34 129 +39 141 +36
Pup weight (g) Male 69 +£0.3 6.8 +06 B £07T
Female 6.5 £0.3 64 +0.6 63 +07
Viability index on PND 4 99.7 +1.5 98.5 +3.0 99.0 +3.0
At the 2nd parturition
Number of dams 16 7 8 0
Gestation length in days 223 +£05 229 04 225 +05
Number of newborns 128 £3.9 127 3.7 78 =58 *
Pup weight (g) Male 72 £08 69 +07 74 £09
Female 6.7 +0.7 6.8 +0.7 66 +06
Viability index on PND 4 93.3 +25.1 100.0 + 0.0 100.0 +£0.0
At the 3rd parturition
Number of dams 6 3 1 0
Gestation length in days 224 +05 227 +06 220
Number of newborns 120 =43 11.0 =66 14.0
Pup weight (g) Male 71 05 2 £1.2 6.8
Female 6.6 +0.5 68 +14 6.7
Viability index on PND 4 965 +5.9 100.0 £0.0 100.0

IR LB THEE 5%) 2d5 I L2RT. ST EEFEELRT.
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B (n=16), 0.05 ug/kg#f (n=20), 0.5 ugkg

# (n=19), 5 ug/kght (n=19)

NREFEINIA, T, T.BLUFSHBEIZIZ,
BERoERFADSh Lo 7.

HEIRE | 54 AR OPEIIRA TlE, hCGH 52
IhHB L BET8#HTTH, 0.05
ugkgix 58 T108me6H, 0.5 ugkgix5HT
10FH 96, 5 ugkgix 5 T108F8FIADL
h, FEEPEICEMOEZIIZO O -T2
i MHEOETFMBRAER4IIRLZZ. 5
uglkg x5 B OMETIE, 447 HBDEM L 7225,
BOEFHHEIZDESHGOERBIALN Lo
7=.

EZE
HRBROBETIE, 5 ug/kgix 58 T LI
o AR Lh, RBETIIMORERDED
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BREBERLAD O, RO R KE
SO BRBERY 2N REAWEOERICR
BT AHERBLWET 51013, SO ICHEICKRS
FRETHEHY, ~HERBROP TR ICHRE
TX2HHTHALZ LD, BRIBLLLIERE
HbE THTWBEEEHE T 2 EO—D2I2%
rrEZONS, BEUESHERMICAEL T,
5 ugkg X5 EIIBWTHRGOEEIALNLE
Motz ERHYE, DESE#HMA#1I~5HICHK
HEL7:SD%&J v b®H b5, 100 pghkg bl O
ERCRELESEFHOBEZRIEL TV A.

L7255 T, AfETHW/-DESO#H5ETI,
HEOPER P HEL RIZE 2V EHEINS.

5 uglkg#x 5B TIE8AEY HERW RN =
TSRO ONEroT. TOERLPH,
[ 8 T2 DES# 512 X b ¥R # i o YRR R # R
VE AMEF L, androgenization Z# L, KR
O bER L e o m L B END. —H, 05
uglkg ¥ 5BTH, 16 EKUREICER 2ERM %
T EWOE S L7z, TCDD O ¥R AR
BEHYRPY AT /- VAOKRAMES "THHE
FAHOREINREL ) LRBIHI LIRS
nRTwa. Thonl kid, NrulRELtEWE
OBFEICIBVT, HAMEZRMICD > TRET
ZZEOEEMEZRLTVWASA. RIfRTALR
REFY ORI, 5 ugkgE 5T EIERRE
WTHoDIZKL, 0.5 ugkgfx5HTIEAR
HIS AR HRE R D ETho7z. ZOZED
5, 5 uglkgx 5B TH 672 R A EI3 PRI
CEELDIHL, 0.5 ugkgix 58 TALR
FrRE, WRBEICASNSMEsEEA R
FERENLOLIEE NS,

12 RO RZETIE, 5 pgkgix GHOMTRKR
NHEAINbOD, ZHEIZ0%TH-L. Z
i, BROPEIR &bVl R & I L 72
gm Lz ohb. —F, 0.5 ugkgH5HOHE
TiE, 23 HMORRTEZRHRFEASETL, 2EHD
EREARA L. ok, FAETEHICMm
Bl ThbbAMoEhERLAZILL
—FHTrLELON, 2EHBOERBEOET I,
TA ha¥ o FICER L PR O R
NERELKEESRSY. B, 23lAKOLERT
0.05 ug/kg 5 BICA LN ZRFETORHEIIX
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AHTH 5. NTWaILEhs, B7us 2+ MENEDR
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DES#ZS5DOEBIZO N7, 7=, 26
B L U528 TIE, LHICHTFERBIUAE
JEEGERICDES#ESOEE L RETLELL
Honhho7:. FrERMODES#Y T, H#
BV DA ~DEE VG ShTwv 5 25,
Wiy mAE (0.1 mg/pup/day bl ) To#H
HTHYH, SR/ 5 uglkg ¥ TODES X, #
ARG THEOEMBEICEEL RIZE 2V
Zzb6N0h5b. L2L%2H5, Vom Saal & iz,
FaA#1120.02 ug/lkg DDES 2 #35- L=< AT
HZREROMMEZ#MEL TWEI L0, FAE
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LETHA).

54 8O TIX, TEAB L URIBERSHE
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5. — 75, 5 pglkg ¥ 5-B TR E & oA
RO LN, MHAT,B LT REICE(IEZ S
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RETHRNT A EEHELD - 7.
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BEANBEEHRBOHBFEE (H16-1L¥-
—#-001) 2 X D ERLZ. ARBF7%EO R HE
13, ENTEEMSTREEEEERTEMRE
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Abstract

The Organization for Economic Co-operation and Development (OECD) has initiated the development of new guidelines for the
screening and testing of potential endocrine disrupters. The Hershberger assay is one of the assays selected for validation based on
the need for in vivo screening to detect androgen agonists or antagonists by measuring the response of five sex accessory organs
and tissues of castrated juvenile male rats: the ventral prostate, the seminal vesicles with coagulating glands, the levator ani and
bulbocavernosus muscle complex (LABC), Cowper’s glands, and the glans penis. The Phase 1 feasibility demonstration stage
of the Hershberger validation program has been successfully completed with a single androgen agonist and a single antagonist
as reference substances. The Phase 2 validation study was performed, employing a range of additional androgen agonists and
antagonists. Recently, the Phase 3 validation study was conducted and performed in several International laboratories. Three
Japanese laboratories have contributed to the blind study using coded materials of Phase 3 validation. Four coded test substances
in the agonistic version and seven substances in the antagonistic version were orally administered by gavage for 10 consecutive
days, respectively. In the antagonist version of the assay, 0.2 mg/kg/day of testosterone propionate (TP) was coadministered by
subcutaneous injection. All five accessory sex reproductive organs and tissues consistently responded with statistically significant
changes in weight within a narrow window in both versions. Therefore, the Japanese studies support the Hershberger assay as a
reliable and reproducible screening assay for the detection of androgen agonistic and antagonistic effects.
© 2005 Published by Elsevier Ireland Ltd.

Keywords: Blind study; Endocrine; Hershberger assay,; OECD validation

1. Introduction Organization for Economic Co-operation and Develop-

ment (OECD) has initiated an activity to revise existing

Certain reproductive and developmental toxicants guidelines and develop new screening and testing guide-

may have the potential to interfere with normal sexual lines to aid in the identification and assessment of such
differentiation and development in animals and humans toxicants (OECD, 1998, 2000, 2002).

by modulating or interfering with the endocrine system One proposed assay, referred to as the Hershberger

(McLachlan, 1993; McLachlan and Korach, 1995). The assay, uses the androgen sensitivity of several acces-

sory sex organs and tissues of the male reproductive
tract. The assay was originally developed in the 1930s
by Korenchevsky and coworkers, and a number of
accessory sex organs and tissues were shown to be use-
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ful by these and other investigators including the ven-
tral prostate (Deanesly and Parkes, 1936; Dingemanse
et al., 1935; Korenchevsky, 1932; Korenchevsky et
al., 1932, 1933a,b), the seminal vesicles and coagulat-
ing glands (Deanesly and Parkes, 1936; Dingemanse
et al., 1935; Korenchevsky, 1932; Korenchevsky et
al.,, 1932, 1933ab), the preputial glands (Biilbring
and Burn, 1935; Korenchevsky, 1932; Korenchevsky
et al., 1932, 1933a,b), Cowper’s glands (Wainman and
Shipounoff, 1941), and the glans penis (Biilbring and
Burn, 1935; Dingemanse et al., 1935; Korenchevsky,
1932; Korenchevsky et al., 1932, 1933a,b). In the 1940s,
it was discovered that the levator ani and bulbocaver-
nosus muscles also responded to androgens, but in a
differential way from the other tissues (Wainman and
Shipounoff, 1941; Eisenberg et al., 1949; Eisenberg and
Gordan, 1950). The basis for this differential sensitivity
is the presence of Sa-reductase in most accessory tissues
of the male reproductive tract, but its absence in the mus-
cle complex (Di Salle et al., 1994). The capabilities of the
assay were demonstrated in 1953 by Hershberger et al.
when they analyzed the response of the ventral prostate,
seminal vesicles and coagulating glands, and the levator
ani without the bulbocavernosus muscle to a number of
active chemicals, including estrogens and progesterones
(Hershberger et al., 1953).

In the 1970s and 1980s, with the discovery of the
androgen receptor and the first compounds such as
cyprotone acetate that were antagonists of the receptor,
the assay was modified to address antagonistic activity.
Briefly, a set dose of a reference agonist was coadminis-
tered to several groups of animals to whom a set of doses
of the purported antagonist was also administered. This
modified system was successfully used by several inves-
tigators for assaying androgen antagonists (Peets et al.,
1973; Raynaud et al., 1980, 1984; Wakeling et al., 1981).

Therefore, based upon the recommendation of sci-
entific workshops, both the US Endocrine Disrupter
Screening and Testing Advisory Committee (EDSTAC)
(USEPA, 1998) and the OECD Endocrine Disrupter
Testing and Assessment Group (EDTA) of the OECD
(OECD, 2000) have proposed this assay as a Tier-1
screen to identify possible reproductive and develop-
mental toxicants acting through androgen agonist and
antagonist mechanisms.

The OECD Phase 1 validation program for the Her-
shberger assay was completed in 2001. In this phase,
a standardized protocol using the ventral prostate, the
seminal vesicles with coagulating glands, the levator ani
and bulbocavernosus muscle complex (LABC), Cow-
per’s glands, and the glans penis was successfully tested
against a reference androgen compound, testosterone
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propionate (TP), and a reference antagonist, flutamide
(OECD, 2002). The OECD proposed a Phase 2 valida-
tion program using additional androgen agonistic and
antagonists as the next step to validate the assay, but the
final results of Phase 2 studies were not opened by the
OECD.

Recently, the OECD conducted a Phase 3 validation
program as a final blind study using coded agonistic
and antagonistic chemicals (OECD, 2003). In Phase 3,
the coded test substances were to be used to investigate
the reliability of the assay, including a demonstration of
the protocol’s transferability among laboratories and the
reproducibility of the protocol’s results. Three Japanese
laboratories participated in the Phase 3 validation study
using four coded agonistic test substances and seven
antagonistic substances. The participation of the lab-
oratories in the OECD Phase 3 validation study was
performed as part of a national validation program in
Japan.

2. Materials and methods
2.1. Laboratories

The three participating Japanese laboratories were: the
Chemicals Evaluation and Research Institute (CERI); the Food
Drug Safety Center; and the Japan Bioassay Research Center.
Each laboratory performed the study in compliance with the
principles of Good Laboratory Practice guidelines.

2.2. Test substance

All coded test substances except for TP were sent to each
laboratory from a centralized chemical repository at TNO,
Zeist, the Netherlands. TP and corn oil as vehicles were pre-
pared in each laboratory. The coded substances A, B, L. and E
were used in the agonistic version, and F, G, I, C, K, D and
H were used in the antagonistic version. We did not receive
any information regarding the coded substances before all tests
were started.

2.3. Animals

Laboratory details regarding rat strain, age of castration, age
at start of dosing, day of autopsy, animal diet, and the number of
animals housed per cage are summarized in Table 1. Two labo-
ratories used Crj:CD (SD) rats castrated at 6-weeks old, and the
test substances were administered 1 week after castration. One
laboratory used Brl Han: WIST Jcl (GALAS) rats castrated
at 6-weeks old, and the test substances were administered 2
weeks after castration. In all the laboratories, the rats were
weighed, weight-ranked, and assigned randomly to each of the
experimental and control groups after they had recovered from
their operation. Body weight and clinical signs were recorded
daily throughout the study. Rats were provided with water and
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Table 1

Laboratory detail for rat strain, age of castration, age at start of dosing, day of autopsy, animal diet, and the number of animals housed per cage

Lab Rat strain

Age of castration ~ Age at start of dosing ~ Day of autopsy ~ Diet

Number of rats per cage

1 Brl Han: WIST Jcl (GALAS)? 6-weeks old
2 Crj:CD (SD)* 6-weeks old
3 Crj:CD (SD)* 6-weeks old

8-weeks old
7-weeks old
7-weeks old

10-weeks old MF® 3
9-weeks old CB-2¢ 1
9-weeks old CRF-1¢ 1

4 Clear Japan Inc., Tokyo, Japan.

b Oriental Yeast Co., Ltd., Tokyo, Japan.
¢ Charles River Japan, Kanagawa, Japan.
4 Clear Japan Inc.

a commercial diet ad libitum. The animals were kept under
SPF conditions. All animals were cared for according to the
principles outlined in the guide for animal experimentation
prepared by The Japanese Association for Laboratory Animal
Science.

2.4. Administration

We performed each test according to the protocol proposed
by the OECD (OECD, 2000, 2002, 2003). Each test substance
was orally administered via a stomach tube for 10 consecutive
days at approximately the same time each day. A vehicle con-
trol group receiving only corn oil was used in both versions.
For the antagonistic version, 0.2 mg/kg/day of TP was coad-
ministered each day by subcutaneous injection in the dorsal
region after the oral administration of each chemical. The vol-
ume of the corn oil solution containing the TP was 0.5 ml/kg.
In the agonistic version, a positive control group of animals
received TP injections alone. The group size in all cases was
six rats. The volume of the corn oil solutions containing each
of the test chemicals was 5 ml/kg. The animals were killed by
bleeding from the abdominal vein under deep ether anesthe-
sia approximately 24 h after receiving their final dosage. The
five mandatory tissues, the ventral prostate and fluid, semi-
nal vesicle and fluid. LABC, glans penis, and Cowper’s gland,
were carefully dissected free of adhering fat and weighed to the
nearest 0.1 mg. We also weighed the liver in three laboratories,
and paired kidney and adrenal weights were measured in one
laboratory.

2.5. Statistical analysis

We received the information from the coordinator of this
Phase 3 validation after all tests were finished that the partic-
ipating laboratories received pairs of the test chemicals (i.e.
L and E, F and G, I and C, or K and D), so we analyzed
the data using the following analytical methods between the
vehicle control group and the same chemical groups in the
agonistic version, and the TP group and the same chemical
groups in the antagonistic version. In addition, coded A and F
were nonylphenol, B and G were dinitrophenol, E and L were
trenbolone, C and I were p,p’-DDE, and D and K were lin-
urone. Body weight and organ weight data were analyzed by
Bartlett’s test for homogeneity of variance. When the variance
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was homogeneous at a significance level of 5%, one-way anal-
ysis of variance was performed. If a significant difference was
found, the difference between the control group/TP group and
each of the dosage groups was analyzed with Dunnett’s test.
If the variance was not homogeneous, the Kruskal-Wallis test
was used. If a significant difference was found, the difference
between the control group/TP group and each of the dosage
groups was analyzed by the non-parametric Dunnett’s test. On
the other hand, differences in body weight and organ weight
between the control group and the TP group, coded A or B
in the agonistic version and between TP group and the group
using coded H, G or Fin the antagonistic version were assessed
for statistical significance by the two-tailed Student’s t-test.
For graphical presentation, the sex accessory organ data were
normalized to visually compare the shapes of the responses
produced by each laboratory. For this normalization, the con-
trol value was set to 100% in the agonistic study, and 100%
in the TP without coded compound in the antagonistic study.
Analyses of variance were performed on the data from each
laboratory and for the pooled laboratory data; these normal-
ized values were not analyzed statistically.

3. Results
3.1. Agonistic version

3.1.1. Body weights, clinical observations, and
optional organ weights

The body weights and the optional organ weight
changes are shown in Table 2. Terminal body weights in
rats given L. were significantly lower than in rats given
vehicle alone in Labs 2 and 3, and tendency towards low-
ering of the terminal body weights was observed in Lab
1. No abnormal clinical signs were observed in any of
the rats that were treated with each substance. The paired
kidney weights in rats given substance A and TP were
significantly higher than in rats given only the vehicle
in Lab 3, and the liver weights in rats given A and TP
were also higher than in rats given the vehicle only in
Lab 2.
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Table 2

Optional organ weights including the liver, adrenal, and kidney in agonistic version

Lab  Body weights/organ weights ~ Substances

NE. A B L B TP

1 Starting body wt. (g) 2148 £ 106 2144 £11.0 2131 £101 2191+ 105 2150+ 8.0 2149 +£9.3
Terminal body wt. (g) 2629 £ 170 2506 + 120 2524 £ 128 2437+92 2494 + 129 266.0 + 12.7
Liver (g) 100 £ 1.1 102 +:1.3 96 £ 05 1114 0.7 97 +£0.7 10.1 £ 08

2 Starting body wt. (g) 2310 £53 2275 £50 2296 + 69 229:1== 39 2268+ 79 2309 £ 69
Terminal body wt. (g) 2808 + 7.9 2759 £ 63 2852 + 124 2615+ 7.1° 2818 £ 15.0 305.6 + 15.0°
Liver (g) 11.1 £ 06 121 £ 08" 107 £ 1.1 11.5 £ 0.6 115 £:09 128 + 1.2°

3 Starting body wt. (g) 2571 +£89 256.7 £ 89 256.0 + 83 2574+ 79 256.8 = 10.1 255.0 £ 12.2
Terminal body wt. (g) 3032 +£155 2973+ 176 3083 £ 149 2646 £ 264" 3008+ 149 3200+ 227
Liver (g) 129 £ 09 140+ 19 13.00k 1.3 122+ 1.6 13.00E:1.3 13.6 £ 2.0
Adrenals (mg) 588 £93 370 9.2 61.5 + 10.6 499 + 7.8 302 +51 510 £ 11.7
Kidneys (mg) 2110 £ 72 2344 + 138" 2290 + 162 2229 + 226 2189 + 192 2435 + 244"

V.C., vehicle control; TP, testosterone propionate. n = 6 rats/group/Lab.
“ Significantly different from control group at P<0.05.

3.1.2. Accessory sex organ weights

Five accessory sex organ and total five organ weight
changes are shown in Table 3, and normalized organ
weight changes are shown in Fig. 1. The accessory sex
organ weights of rats given TP only in all laborato-
ries were higher than these of rats given the vehicle

alone, confirming the reliability of this study. Almost
all accessory sex organ weights and total five organs in
rats given L were higher than in rats given the vehicle
in all laboratories. The LABC weights in rats given E
was significantly higher than in rats given the vehicle
in Lab 2, but the normalized change in this organ was

Table 3

Mean body weights and mean organ weights in agonistic version

Lab Body weights/organ weights ~ Substances

V.C. A B L E TP

1 Terminal body wt. (g) 2629 + 170 2506 + 120 2524 + 128 2437 +92 2494 + 129  266.0 £ 127
Ventral prostate (mg) 168 + 1.0 170 + 32 156 + 3.4 341+ 80 149 + 1.2 93.6 £ 11.0°7
Seminal vesicles (mg) 279 £56 265+ 19 257 £ 49 612 +9.6" 290 + 35 1904 + 19.1°
LABC (mg) 1368 £+ 222 12824192 1283+ 11.0 29854281 1415+152 3123 +£269°
Glans penis (mg) 295 + 56 299 + 28 283 £ 72 498 £ 6.5 326 £ 5.1 64.4 + 6.0
Cowper’s glands (mg) 41+13 44+ 14 39+ 15 103+25° 45+ 1.1 204 + 35"
Total of five organs (mg) 2150 £213 20604235 2019 £ 213 4538 +483" 2224 £190  681.0 + 423"

2 Terminal body wt. (g) 2808 £79 2759+ 63 2852+ 124 2615+ 7.1° 2818 £ 150 3056 + 15.0°
Ventral prostate (mg) 160452 198 + 5.1 158 + 6.5 334 463" 184 £+ 3.2 121.8 + 256"
Seminal vesicles (mg) 420+ 145 409 +112 388 + 122 1787 + 604" 416 £ 115 4204 +32.17
LABC (mg) 163.6 + 383 1786 235 1899 + 304 4268 +462" 2163 +173" 52754235
Glans penis (mg) 441 £43 429 +22 418 +£23 5854 37" 455+ 25 739 £39°
Cowper's glands (mg) 58+13 56+ 1.1 44 + 17 10.1 + 2.6 58+18 344 +8.1°
Total of five organs (mg) 2716 + 513 287.8 +297 2907 + 353 7076+ 1047° 3277+ 146 11779 £ 35.1°

3 Terminal body wt. (g) 3032 £ 155 2973 +17.6 3083 + 149 2646+ 264" 3008 +£149 32004227
Ventral prostate (mg) 220 £3.1 206 £ 1.4 240 £ 1.7 437+£115° 262 + 38 186.5 + 48.4°
Seminal vesicles (mg) 61.2 £59 58.1 £ 7.0 584 + 82 1655+ 37.1° 612+ 109 4313 +55.1"
LABC (mg) 1913+ 160 1786 +£252 1907 + 6.6 4523+ 345" 2211 +358 5435 =835
Glans penis (mg) 53.0 = 80 546 £ 5.4 548 £ 5.6 729 4+£32° 520 + 2.6 95.1 + 8.0°
Cowper’s glands (mg) 85+22 74+ 18 80+ 13 182+ 5.2° 88 +24 37.1 £ 6.6
Total of five organs (mg) 3360 £ 199 3193 4+296 3360 + 137 7525+ 664" 3694 £458 12936 = 112.7°

V.C., vehicle control; TP, testosterone propionate. n =6 rats/group/Lab.
* Significantly different from control group at P<0.05.
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Fig. 1. Organ weights of accessory sex organs in agonistic version. Values from each laboratory were normalized to the control value set equal to
100%. LABC: levator ani and bulbocavernosus muscle; V.C.: vehicle control; A, B, L, and E: coded chemicals; TP: testosterone propionate. n=6

rats/group/Lab (B8 , Lab 1; @, Lab 2; [J, Lab 3).

not apparent. Normalized weight changes of the glans
penis in rats given coded L. showed the weakest response
among five organs (Fig. 1).

3.2. Antagonistic version

3.2.1. Body weights, clinical general observations,
and optional organ weights

The body weight changes and the optional organ
weight changes are shown in Table 4. Two rats given
I plus TP died with toxic signs such as decreasing body
weight, soft feces, reddish urine, and weakness at 7-10
days after the administration in Labs 2 and 3, respec-
tively. The terminal body weights in rats given I plus TP
or K plus TP were significantly lower than in rats given
TP only in two laboratories. The paired adrenals in rats
given K plus TP were significantly higher than in rats

-659-

given TP in Lab 3. The liver weights in rats given I plus
TP were higher than in rats given TP in all laboratories,
and increased liver weights were also observed in rats
given C in Lab 1.

3.2.2. Accessory sex organ weights

Five accessory sex organ and total organ weight
changes are shown in Table 5, and normalized organ
weight changes are shown in Fig. 2. All accessory sex
organ weights of rats given H, which is a positive com-
pound, flutamide, plus TP were lower than those of
rats given TP, confirming the reliability of this version.
Almost all the accessory sex organ weights in rats given
I plus TP and K plus TP were significantly lower than
in rats given TP in all laboratories. Some accessory sex
organ weights in rats given C plus TP and D plus TP
were also lower than in the rats given TP. Although the
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Fig. 2. Organ weights in antagonistic version. Values from each laboratory were normalized to the value of TP group set equal to 100%. LABC:
levator ani and bulbocavernosus muscle; F, G, I, C, K, D, and H: coded chemicals; TP: testosterone propionate. n =6 rats/group/Lab (8, Lab 1 W,

Lab 2; 0J, Lab 3).

plus TP and D plus TP groups. No changes were detected
in rats given coded substances F and G. These findings
demonstrate that coded substances I, C, K, and D had
antagonistic properties and coded substances F and G
had no antagonistic properties. We accepted the infor-
mation; substances F and G were negative compounds,
I, C, K, and D were weak antagonistic compounds, and H
was a positive control compound, flutamide; the groups
of substances I and C, or K and D were the same com-
pound, and dose levels of I and K were higher than those
of C and D. We also received the information that C
and I were p,p’-DDE and D and K were linurone. The
ventral prostate and glans penis in Lab 1, the seminal
vesicle and LABC in Lab 2, and the ventral prostate,
LABC and Cowper’s glans in Lab 3 were significantly
affected in the rats given coded substance C plus TP.
In addition, the ventral prostate in Lab 1 and seminal
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vesicle in Labs 2 and 3 were significantly affected in rate
given coded substance D plus TP. The differential effects
across laboratories were observed in rats given coded C
plus TP and D plus TP. We found that the most sensi-
tive organ among the five accessory sex organs was the
prostate and/or seminal vesicle in our previous validation
Phase 2 study, and in the Hershberger assays using var-
ious chemicals (Yamasaki et al., 2003a,b). The ventral
prostate and/or seminal vesicle were responded with or
without significant differences in rats given coded sub-
stances C plus TP and D plus TP, so we determined that
coded C and D have androgen antagonistic properties.
On the other hand, the LABC weight in rats given coded
substance G plus TP was significantly lower than that in
the TP group in Lab 2, but the normalized change of this
organ was not so apparent. Therefore, the Japanese data
in this study demonstrated that the Hershberger assay
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is considered to be a good screening assay for detect-
ing the androgen antagonistic effects of chemicals. The
findings that some animals died in rats given coded sub-
stance I and decreased body weights were detected in
rats given K and I, and the liver weights increased in rats
given I means the coded substances I and K were at a
toxic dose level. In addition, the liver weights increased
in rats given C in one laboratory, so a dose of C may be
at a toxic level. The general toxicity is considered to be
important for this assay, because a 10% change in termi-
nal weight is suggested to affect some Hershberger assay
endpoints (Marty et al., 2003).

In conclusion, we performed the OECD validation
study Phase 3 using coded chemicals. All five acces-
sory sex organs responded with statistically significant
changes in weight within a narrow window in the ago-
nistic and antagonistic versions, and no false positive or
false negative results were observed in this study. There-
fore, the Japanese studies support the Hershberger assay
as a reliable and reproducible screening assay for the
detection of androgen agonistic and antagonistic effects.
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