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Rat Uterotrophic Bioassay | Mini-Monograph

The OECD Program to Validate the Rat Uterotrophic Bioassay.

Phase 2: Dose-Response Studies

Jun Kanno,! Lesley Onyon,? Shyamal Peddada,? John Ashby,* Elard Jacob,® and William Owens®

INatlonal Institute of Health Sciences, Tokyo, Japan; 2Environmental Health and Safety Division, Organisation for Economic Co-opera-
tion and Development, Paris, France; *National Institute of Environmental Health Sciences, Research Triangle Park, North Carolina, USA;

48yngenta Central Toxicology Laboratory, Macclesfield, Cheshire, United Kingdom; SBASF
SPracter & Gamble Company, Cincinnati, Ohio, USA .

The Organisation for Economic Co-opetation and Development has compléred phase 2 of an
international validation program for the rodent uterotraphic bioassay. The purpose of the valida-
tion program was 1o demanstrdic the performance of two veisions of the uterotrophic bisassay,
the immature female rat and the adult d{ra:iectqmiz_e,d rat, in four smndardized pr;ft'd;nl_s, This
‘articlé reports the dose-respbnse studies of the validation: program; the coded singleidos¢ studies
are reported in an accompanying papi. The dose-résponse study design used five selected weak
estrogen agonists, bisphenal A, genistein, methoxychlor, nonylpheriol, arid 0,p'-DDT: These weak
agonists were administered in a prescribed series of doses to measure the perforimance and repro-
ducibility of the profocols among ths pirticipating laborataries, All protocols succéssfully detected
increases in utering weights when the %Eak agonists were' aqministci-gfl. Within éi}c};‘ Protocol,

nificant increase in uterine weights; and the moximum incréase in uierine weight. Substantive
petformance differences viere not observéd between the uterotrophic bloassay yé_é}s;ig'x}g oramong
* the standardized protocols, and these were judged to be qualitatively equivalent. It is arthy

that these results were reproducible under a variety of different experimental coiiditions (cjg, ani- -

mal strain, diet, housing, bedding, vehicle; snimal age), indicating that the bioassdy’s performance
as a scrgen is robugt, In conclusion, both the intact, immature, and adult OVX v€;§iénisj-fmd all
protocols appéar to be reproducible and transferable across laboratories and are ablé to detect
weak estrogen agonists. Key words; endécrine disruption, estrogen, rat uterus, irertrophic.

Environ Health Perspect 111:1530-1549 (2003). doi:10.1289/chp.5780 available via

betp:tids.doi.org! [Online 23 January 2003]

‘The Organisation for Economic Co-operation
and Development (OECD) iniriated a high-
priority accivity in 1997 to revisc existing
guidelines and to develop new guidelines
for the screening and testing of potential
endocrine disrupters (OECD 1998a), This
activity is manuaged by a Validation
Management Group (VMG) repordng to the
Task Force un Endocrine Disruprers Testing
and Assessment as part of the OECD Test
Guidelines Programme. One portion of the
activity is to validate the rodent urerotrophic
bicassay, an in vive screen intended to identify
compounds that are suspected agonists or
anagonists of cstrogen, and tw assist the priot-
itization of positive compounds for furcher
testing. In phasc 1 of the validation program,
standardized pratacols were developed for two
versions of the utcrotrophic bioassay, the
immature rat and the adult ovariectomized
{QVX) rax, These protocols have heen success-
fully tested against u high-potency reference
estrogen-recepior agonist, 17ce-ethiny! estra-
diol (EL), and a reference estrogen-recepror
antagonist, ZM 189,154, All protocols were
robust, reproducible, and transferable across
laboratorics using these reference compounds
(Kanno et al. 2001), Therefore, the VMG
procceded with the design and cxccution

1530

of phase 2 of the utcrotrophic bioassay's
validation program.

A key nbjective of validation cxercises is
to demonstrace the reliability of the standard-
ized protocols, Reliability includes a demon-
stration of the transferabilicy of the protocols
among laboratories and the reproducibility of
the results from those protocols among labo-
ratories. Such a demonstration is expected to
employ test substances that represent the sub-
stances of likely concern in regulatory use, for
example, in the case of the uterotrophic
bioassay, weak estrogen-receptor agonists.
This article compares the reproducibility of
the dose responses of five weak cstragen ago-
vists using four protocols that include both
oral gavage and subcurancous (sc) routes of
administration. An accompanying article
demonstrares the reproducibility of the
uterotrophic bioassay wich prescribed doses
sclected from this study with blind or coded

samples of all five weak agonists, two pre-

scrihed EE doses, and a negative test
substance (Kanno ct al, 2003).

. Materials and Methods

Test substances and animals. A centralized
chemical repository at TNO, Zeist, the
Netherlands, reccived donated or purchased

Aktiengeselischaft, Ludwigshafen, Germany;

rest substances, weighed and prepared
appropriate aliquots in vials for shipment,
provided specific instructions for dilution of
each substance to prearranged dosages, and
arranged the shipment of tese substances to
the participating laboratories. The test sub-
stance sources were Kraemer & Martin
{Krefeld, Germany) for EE (CAS no, 57-63-6;
purity min. 99%); Bayer AG (Wuppertal,
Germany) for bisphenol A (BPA; CAS no. 80-
05-7; purity 99.9%); ChemCon GmbH
(Freiburg, Germany) for genistcin (GN; CAS
no. 446-72-0, purity min. 98%; chemically
synthesized); Sigma-Aldrich (St. Louis, MO,

. USA) for methoxychlor (MX; CAS no. 72-

43-5; purity 95%); Schenectady Tnrernational
Inc. (Schenectady, NY, USA) for a branched-
chain isomers mixture of nonylphenol (NP;
CAS no, 25154-52-3, lor 14081-001; puriy
95.6%); and Promochem GmbH (Wesel,
Germany) for 1,1,1-trichloro-2,2-bis(a,p"-
chlorophenyl)ethance {o,p’-DDT; CAS no.
789-02-6, purity 99,8%). Separate vials of test
substance were supplied for the dose~response
study and the parallel coded, single-duse
study. The laboratories weighed ouc the
required test substance amounts to make up
the necessary rest solutions in accordance wich
prepared instructions using their normal stan-
dard operating procedures, The instructions
were provided to ensure that the doses were
comparable across the laboratories for the sea-
tistical analysés.

Participating laboratories obrained
animals from their normal external or inter-
nal sources, including the strain and the ani-
mal supply source for the program records.

This ardicle js part of the mini-monograph “The
OFCD Validatinn of the Uterotrophic Assay.”
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These animal studies were performed in
rwccardance with the OECD's guidelines on
animal care (QECD 2000) and appropriate
national regulations. Animal housing temper-
ature was 22 # 3C°, the relative humidicy was
actween 30 and 709, and lighting cycle was
12 hr light and 12 hr dark. Il bedding was
used, the ype and supplier were recorded.
Immacure animals were group housed with
two or three animals per cage, and housing
practices for QVX animals were [rom one to
two animals per cage. Feed and tap or filiered
drinking warter were provided ad fibitum, The
racs were fed the usual rodent diet of the par-
ticipating laboratory, and the particular diet,
the supplicr, and the batch or lot number(s)
of che dier were recorded. Laboracaries did
not change the diet during the validation pro-
gram, and a sample of cach lot was frozen and
rerained for phytaescrogen analyscs, In those
cases where multiple lots of diet may have
been used in u laboratary, the same lot of diet
was used for a given protocol. The dietary
walyses and the relation of phytocstrogen lev-
¢ls to the uterurrophic bioassay’s performance
aré reported separately (Owens et al. 2003).

bnmature, intact animals. lmmarure
animals, if externally supplied, were received
cither with dams or foster dams on approxi-
macely pustnatal day (pnd) 14 (date of birth
= pnd 0) or as wesnlings on pnd 17, Animals
were examined for overt signs of ill health and
anomalies, and healchy animals were reaccli-
macized. Animals were allocated inro treat-
ment groups of six animals by randomization,
ensuring that all groups of animuls had a
mean weight within & 5% probability level.
Test substance administration could begin at
the choice of the participating laboratory on
pnd 18, 19, or 20.

Ovariectomized animals. At the time of
avaricctomy, the animals were between 42
and 56 days of age. The dorsolateral abdomi-
nal wall was opened at the midpoint between
the costal inferior border and the iliac crest
nd a few millimeters lateral 1o the lateral
margin of the lumbar muscle. The ovaries
were located, removed from the abdominal
cavity, and detached by incision at the junc-
tion of the oviducr and each uterine horn.
After confirming that no significant bleeding
ucenrred, the abdominal wall was closed by
suture, and the skin was closed, for example,
by autoclips. The animals were allowed to
recaver and the uterus weight was allowed 1o
regress for 2 minimum of 14 days before use,

Protocols. The individual protocals have
been described previously (Kanno et al.
2001). Bricfly, protocol A used intact, imma-
ture female rars as described above with dos-
ing by oral gavage lor 3 consecurive days.
Protocol B used intact, immature female racs
with dosing by sc injection for 3 consecurive
days. Prorocol C used young adult OVX rars

as described ahove with dosing by s¢ injecrion
for 3 consceutive days, Protacol D [previously
called “prorocol C" (Kanno et al. 2001)] also
used young adult OVX raes and extended the
sc injection dosing to a total of 7 days. As
with phase 1, for demonstracing the basic tox-
icologic attribute of differences in chemical
potency due to the route of administration,
the VMG decided that anly the immature
version and the satellite study were adequate
to canserve animals and resources. In all pro-
tocols, animals were humanely sacrificed
24 hr after the last dose administration.

Vehicle, test substance preparation, and
dosing. Test substances were dissolved in a
minimal amount of 95% ethanol and dilured
to final working concentration in the test
vehicle typically used by the pavticipating lab-
oratory (e.g., corn, arachis, sesame, ar olive
oil). If necessaty, the test substance was dis-
solved with the assistance of gentle heating
and vigorous mechanical assistance, for exam-
ple, homogenized for several minutes in a
rotor-stator homogenizer. As the literature
indicated, the substances were stable, and
most laboratories prepared the test substance
weekly. The participating laboratories
recorded the nature of the vehicle, the sup-
plier, and lot number, and a sample of the
vehicle was retained for analysis, if that
became necessaty.

Test subscance administration was once
per day for 3 consecutive days in three proto-
cols (A, B, and C), and once per day for 7
consccurtive days in a fourth pratocol (D),
The amount administered was calculared
using the body weight (bw) of the animal
recorded on the day of treatment. Trearment
on each consecutive day was at approximately
the same time and sequence for each animal.
Tor oral gavage (protacol A and a single sacel-
lice study using oral gavage with OVX ani-
mals for 3 days), the total volume per rat per
day did not exceed 5 mL/kg bw/day. For sc
injection (protocols B, C, and D), the total
amount of s¢ injection per rat per day did not
exceed 4 ml./kg bw/day, and the maximum
volume per injection site per rat did not
exceed 0.2 mL. The precise method and vol-
umes of administration by the individual par-
ticipating laboratory were recorded. Animals
were observed for clinical signs, the body
weighes were recorded daily ta 0.1 g, any ani-
mals observed ro be in distress were humanely
sacrificed, and any animals found dead were
disposed of.

Necropsy, dissection, and aterine weight.
Twenry-four hours after the last trearment,
the animals were humanely killed by the
merhod. routinely used by the participating
laboratory in the same sequence as the test
substance was administered. The urerns was
carcfully dissected, the ovaries of immature
animals removed, and the urerus rrimmed of
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fascia and fat to avoid loss of luminal
contents. The uterus and cervix were removed
by incision at the vaginal fornix ro preserve
the luminal fluid contents. The uterus was
ransferred to a marked, tared container with
care to avoid desiccation, This first wucerine
weight (wet weight) included the [uminal
fluid contents and was recorded to the nearest
0.1 mg, Each urerus was then opened by
piercing or longitudinal cuts into the uterine
wall, and the luminal fluid was expressed with
gentle pressure on moistened filter paper. The
uterus was then weighed a sccond time (blot-
ted weight), and the weight was recorded to
the nearest 0.1 mg,

Study management and guality control.
The study director was on the OECD staff,
and each laboratory nominated a principal
investigator as recommended by QECD
Good Laboratory Practice and Study
Management guidclines (OECD 2002). The
laborarories were requested to perform these
studies under chese OECD Good Laboratory

- Practice guidelines and most, but nov all, did

so, When data were assembled and an initial
statistical analysis performed, all laboratories

“were requested to audit these raw data and to

respond ro specific queries on oudiers and
questionable daca. A small number of data
corrections were macle, and reporting crrors
on dilutions, samples, and identity of conuol
groups were either cortected or clarified.

Statistics. The raw data uterine weights
and body weights from each participating lab-
orarory were recorded an a standardized clec-
tronic spreadsheet and submitted to an
independent staristician for analysis. The
uterine data were evaluated by an analysis of
covariance approach with bady weight at
necrapsy as the covariable, A variance-stabiliz-
ing logarithmic transformacion was carried
out on the uterine data prior to the dara
analysis. ‘The Dunnett and Hsu test was used
for making pairwise comparisons of each
dosed group ro vehicle controls and to calcu-
late the confidence intervals. Studentized
residual plots were used to detect possible
autliers and to assess homogeneity of vari-
ances, The dara were analyzed using the
PROC GLM in the Staristical Analysis
System (version 8; SAS Institute, Cary, NC).
In addition co the ratio of the mean uterine
weights (the treated groups relative to the
vehicle control groups) in Tables 2-26, the
ratio of che geometric means of the urerine
weights (treated relative to the vehicle con-
tral) after adjusting for the bady weight of the
animal at necrapsy was also calculated.

Design of Phase 2
Dose-Response Study

The principal question was whether the
standardized prarocals would achieve the
same degree of reliability and reproducibilicy,
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as demonstrated with the strong agonisr EE,
when testing sclected substances ol lower
estrogenic potencics. The primary objectives
of the phase 2 dase~response studies were 1o
demonstrate that participating laborarories
could detect several seleceed weak estrogen
. agonists by a statistically significant increase
in uterine weighes, that the resules were xepro-
ducible across laboratories, and thac the ani-
mals would respond in a dose-relaced manner.
The doses producing the [irst significant
increase in uterine weights and the magnitude
of the responses of these weak agonists were
also to be compared with the potent reference
estrogen, EE. Other objectives were to test
whether the intact, immature version and the
OVX version were generally equivalent in
performance and their ability to detect the
activity of weak agonists, and to quantify the
variability of the dose response among labora-
rories and among protocols testing the equiv-
alence of the protocols, The statistical analyses
of these performance comparisons and deter-
minations required a series of identical, pre-
scribed doses for each tesr substance, 1f uny
Jaboratory was unable to detect the selected
weak agonists, an effort would be made to
determine the responsible facrors.

Selection of Weak Agonists
and Doses

The VMG selected five weak cstrogen
agonists: BPA, GN, MX, NP, and 4,p-DDT.
For these substances, 2) individual binding
affinities to the estrogen recepror had been
derermined in a single laboratory, 8) evidence
from the literature was available for estrogen-
mediated activity in ocher /n vitro assay sys-
tems, ¢) evidence from the literature was
available that cach weak agonist displayed
positive response in the uteratrophic bioassay,
and 4) cither subchronic or chronic testing
data were available to indicate whether the
compounds elicited estrogen-related effects,
or such subchronic or chronic resting was in
progeess. Collecrively, such data indicated
that the selected substances were weak estro-
gen receptor agonists /in witre, were positive
challenge substances for a validation swudy of
the uterotrophic bioassay, and there were suf-
ficient data for estrogen-related effects in
higher riers to asscss the predictivity of the
utcrotrophic bivassay at the end of the valida-
tion program. These data arc compliant with
test substance selection recommendarions to
demonstrate the characeeristics of a bioassay
for validation studies and the relationship of a
bioassay to other assays in a hierarchical,
tiered approach (ICCVAM 1997; OECD
1998b). The chemical identities and estrogen-

receptor binding data from Blair et al. (2000)°

and Branham ec al, (2002) arc shown in
Table 1. The binding affinities of the selected
weak agonists relarive ro 17f-estradiol cover a
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range ol ahnost three ordlers of magnitude, for
example, log ~0.35 to ~3.20, and cven the
two most potent selecred agonists, GN and
the metabolite of MY, are almost three orders
of magnitude weaker than the reference EE
agonist. Therefore, the selected weal agonists
were judged to represent the range of potency
that the uterotrophic bioassay would likely
encounter in regulatory applications.

Tn addition, test substances were selected
for expected differences in behavior in phar-
macokinetic hehavior to represent the variety
of vest substances likely to be encountered by
the utcrotrophic bioassay during use and to
demonstrate differences berween the oral and
sc routes of administration observed in several
pharmacokinetic studies below. Three test
substances—BPA, GN, and NP—arc
reported to be rapidly climinated and to
undergo significant intestinal and hepatic
conjugation, leading to a hypothesis of lower
potency by the oral routc of administration
(Chang et al. 2000; Coldham and Sauer
2000; Fennell et al. 1998; Miyakada et al.
2000; Miiller et al. 1998; Potrenger ct al.
2000). MX is reported to undergo hepatic
activatian, leading to a hypothesis of higher.
potency by the oral route of administration
(Bulger et al. 1978), Finally, 0,p"-DDT was
selected because of the absence of a hydroxyl
group necessary for rapid conjugation, and its
persistence and bioaccumulation, leading to
the hypothesis that it might display unique
pharmacokinetic characeeristics. Thevelore,
the selected weak agonists were judged to rep-
resent the range of test subscance characteris-
tics that the uterotrophic bivassay would
likely encounter in regulatory applications.

As part of the overall design, five doses
were rccommended for each test substance.
However, because of possible resource con-
straints, participating laborarories were
required to use only the three intermediare
doses. The VMG cstablished a working group
to review the scientific literature concerning
cach of the rest substances, to consult
researches for unpublished dara, and then to
select the doses for each substance and route
of adminiscration, Unlortunately, much of
the background lirerature information from

both published and “gray” sources did not
report all necessary protocol details, use
defined and closcly interspersed doses, or con-
sistently repore the dats as absolure urerine
weight increases. Thus, the lireraure studies
were not strictly comparable or unambiguous
for dosc-sclection purposes. Because of the
urgency and the complex lagistics of an inter-
national validation program, the VMG
decided to forego preliminary dose-setting
studics. Therefore, the working group was
required to rely upon irs own expert judg-
ment to recommend the dose levels, and risks
were accepred that some laboratories mighe
not achieve a complete dose~response curve.

To conserve animals and resources and to
achicve a corc of robust data for comparison,
the VMG decided that priority in the
dose—response work was to compare the
results for NP and BPA. If additional labora-
tory resources were available, the remaining
weak agonists, GN, MX and 0,p"-DDT,
would be examined. The doses recommended
for the oral gavage studies were as follows: for
BPA—GO, 200, 375, 60O, and 1,000
mg/kg/day; for GN—20, 60, 120, 300, and
500 mgrkg/day; for MX—20, 50, 120, 300,
and 500 mg/kg/day; for NP—15, 75, 125,
250, and 350 mglkg/day; and for 0,p"-
DDT—10, 50, 125, 300, and 600
mg/kg/day. The doses reccommended for the
sc injection studics were as follows: for
BPA—10, 100, 300, 600, and 800
mg/kg/day; for GN—I1, 15, 35, 50, and 80
mg/lkg/day; for MX—20, 100, 230, 500, and
800 myfkg/day; for NP—S5. 15, 35, 80, and
100 mgrkg/day; and for o,p"-DDT—S5, 25,
50, 100, and 200 mg/kg/day. All of the above
doses were lower than the standard roxico-
logic limit dose of 1,000 mgfkg/day excepr
for the final oral gavage dose of BPA, which
was at the Jimit dose.

Results of Phase 2
Dose-Response Studies

A total of 86 dose—response studies were per-
formed by 17 laboratories. Four orher labora-
tories, which either participated in phase |
(Kanno et al. 2001) or the coded single-dose
studies in phase 2 (Kanno et al, 2003), did

Table 1. Ral uterine cytosol ERw: receptor-binding data.®®

Chemical name Mean ICs, (M} + SEM RBA (%} Log RBA
EE . 473x 10792060 % 10°1¢ 190.063 2.28
173-Estradiol 899 x 107104 0.27 x 1071C 100.000 2.an
GN 200 %107 £0.21 x 107 0.444 -0.35
HPTE 355%x107+0.15x 107 0.253 - 0.60
NP 305x 105015108 0.029 ~1.53
BPA 117x105£064% 10" 0.008 21
op D07 543 %1051 088 x 1078 0001 ~2.85
MX 104 x 10742 0.66 x 107 0.001 -1.20
Abbreviati 1Cp. the wrution of Jigand thet raduces the binding of native 178-estradial by 50%; RBA, ralative

binding affinity of the ligand ta the native 178-estradial.

Data modified from tables in Blalr et al. {2000} and Branham et al, 12002}.°The binding curves were generted in a singla
{abaratory on tho basis of a single protocol wising closaly interspersed cancentrations and performed in iplicate.
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nat participate in the dose—response studics.
Because the laboratory numbers were kept
consistent from | through 21 chranghout the
entire program, laburatories numbers 10, 16,
17, and 19 will not appear in this paper.
Mortalities, decreases in bady weight or
body weight gain, and elinical signs. Out of 1
total of 2,652 animals, there were 45 mortali-
ties obscrved in 10 laborateries: 5 in BPA
studies, 6 in MC studies, 19 in NP studies,
and 15 in DDT sidies. Forty-two of dhe
mortalities were in protocol A treatment stud-
ics using oral gavage. A dose-related partern of
modest reductions in body weights and
diminished body weight gains was often
abserved in the immature animal stodies and
in the extending dosing of the OVX siudies.
Decreases in bady weights at terminal sacri-
fice approaching or greater than 10%, indi-
cating that the dose exceeded a maximum
rolerated dose, were observed at doses of
100 mg BPA/kg/day and higher in both pro-
tocol D studies, ac dases of 500 mg
X {lg/day and higher in both prococol D
atudies, at doses of 75 mg NP/kg/day and
highet in 3 of 4 prawocol A studies, and at
doscs of 300 mg DY kg/day in all pratocol
A studies. Clinical signs were reported in con-
junction with the mortalitics and body weight
losses, including piloerection, lethargy and
reduced mobility, and labored breaching.
Bisphenol A. A wtal of 22 dase-response
studics were conducted with BPA, including
4 with protacol A, 10 with protocol B, 5 with
protocal G, 2 with pratocol 13, and a sawellice

Tahle 2, Uterine weights, hody weights, and ratio of the relative increase in uterine weights for bisphenel A in pratocal A,

study using oral gavage with OVX animals,
T'wenty of 21 studies were successful in
detecting increases in uterine weights at one
or more of the preseribed doses, In the case of
laboratory 21, the required terminal body
weights were not recorded for the
dose—-respanse studies. Because the seatistical
analysis was based upon using terminal body
weights as a covariant with the uterine blotted
weight data, the bady weight-adjusted statis-
tical analysis was not performed on the data
from this laboratory, However, the data such
as mean wet and blotred uterine weighes for
laboratory 21 are reported in Table 3 and
Figurc 1, and chese have been statistically
compuared withour body weight adjusrment.
Within each protocol, there was overall
agreement among different laboratorics both
in the magnirude of the uterine weight
increases and in the BPA doses Rrse producing
a statistically significant increase in uterine
weight. In protocol A using oral gavage, all
four studies detected stadistically significant
increases in urerine weighes at lowest observed
effect level (LOEL) doses of 375 myg
BPA/kglday (two studies), 600 mg/kg/day
(one study), and 1,000 mglkg/day (one
study) (Table 2). In protacol B, eight studies
detecred statistically significant increases in
uterine weights ar doses of 10 mg
BPA/kglday (one study), 100 mgfkg/day
(three studies), 300 mg/kg/day (three studies),
and 600 mg/kg/day (onc study). However, in
a ninth scudy, staristical significance was
achieved at doses of 10 and 100 mg

BPA/kg/day, no staristical difference was
observed at 300 mg/kg/day, and stacistically
significant decreases in uterine weights were
obscrved at 600 and 800 mg BPA/kg/day.
Effectively, the reported dose response in this
laboratory was the mirror opposite of the
expectations and the results from all other
laboratories (Table 3, laboratory 20). In pro-
tocol G, all five of the studies derecred statisti-
cal significancé at doses of 100 mg
BPA/kg/day (Table 4). 1n protocol I, bath
studies detected seatistical significance at doscs
of 100 mg BPA/kg/day (Table 5). The sarel-
lite study with OVX animals using oral gav-
age administration did not detect statistically
significant increases in uterine weigh at the
highest of the chree intermediate doses used
in that study, 600 mg/kg/day (i.e., the highest
1,000-mg BPA/kg/day dose was not tested in
this leborarory with this pratocol) (Table 6).
The BPA results, except for the satellite
study, are shown graphically in Figure 1. In
protacols B, C, and D using se injectivn, the
ratio of the maximum mean uterine weights

of the treated groups relative to the vehicle

controls was generally between 3 and 4. The

slape appeared to be steeper in the OVX ani-

mals, and the extension of the dosing to 7
days appeared 1o slightly increase the overall
response. The maximum increase observed in
uterine weights was considerably lower in
protocol A, where the ratio of the maximum
uterine weight increase w the vehicle contrals
was approximarely 1.5 relative to the controls,
and there was greater variability among the

Dose 1 Dose 2 llose 3 Dose d Dose 5
Laboratory Msasure Vehicle {60 mg/kg/day) (200 mg/kg/day) (375 matkg/dayl (60D ing/kg/day) {1,000 mg/kg/day)
2 Wet weight {mg, mean = SD} 26.5+4.20 268323 301160 3042582 370:5.54 44.1 £8.36".
Blotied weight [ing, mean & SD) 254419 257294 20146 29.4+5.05 35.8 + 568 1281832
bw {g, mean = SD} 45.6£7.14 480+ 5.06 47.743.48 4252459 443£4.00 4531335
Absolute ratio? 1.01 1.14 1.16 K] 1.69
bw adjusted ralio® 0.99 1.13 1.26" 1.49* 1.73
{Lower CL, upper CL)? {0.83, 1.17) {0.95,1.34) {1.06, 1.50) [1.25,1.77) (1.45, 2.07)
Wet weight (mg, mean  SD} 3091285 3314324 3604346 3751435 5091834 520:3.19
Blotted weight img, mean + SD) 295+ 2.95 322313 3481348 36.1£3.89 491 £17.77 5044294
bw (9. maan = SD} 56.71.74 56.3 £ 1.51 55.0 £3.15 5481275 535+3.82 5352229
Absolute aliu (1.8 0.96 100 - 1.36 1.40
bw adjusted ratio 0.89 097 1.00 1.31* 1.40*
{Lower CL, upper GL} {0.70, 1.13) {0.76, 1.22) (079,123 {1.03, 1.66} {1.10, 1.78)
12 Wet weight {mg, mean £ SU) 242:248 Not done 296 x5.75 310143 3912743 Not done
Biotied weight {rog, mean = SO} 206181 268:519 2681244 3384604
bw {g. mean + SD) 39.723.10 3851217 337382 395600
Absolute ratio 1.26 1.30 1.64
hw adjusted 1atio 125 136* 1.83*
{Lower CL, upper CL) 10.9995/, 1.56) {1.05, 1.76) (1.28, 2.06)
13 Wet weight {mg, mean = SI)j 904651 397+4.93 49.7£20.39 2331535 430+4.30° 59.0£98.27
Blotted weight (mg, mean  SD} 318386 320+ 335 3261460 323+£398 3442270 4901872
Nody weighl [g, mean + SD) §15+274 422 1366 42.3+19.70 395:378 314-336 3601358
Ahsolute ratio 1.0 102 1.02 1.08 1.54
tw adjusted ratin 1.00 116 1.03 117 187
il awer Cl, upper CL) {0.77,1.31) {0.88, 1.51) {0 78, 1.35) 10.79,1.72) {1.18,2.08)

20ne snimal died in 1,000-mg BPA/kg/day group hefore necropsy. “Ratio of arithmetic means of the treated blatted wterine weights relutive to the vahicle control blotted uterine weights,
“Ratin of geamelric means of treated blotted uterine weights relative to the vehicle contral blotted uteriie weights sfter adjusting for the body weights at nacrapsy as a covariable
“Lower and upper 85% confidence limits {CL) for ratio of blutled uterine weights based on body weights as @ covarlable. *Ong animal tied in 600 mg BPAfke/day group befare necrapsy.
ith the lower 85% confidencae limit not» 1,0, the result is not statistieally significant, *Level of signiticance, p < 0.05,
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studies. Comparing protocols B and G,  consideration the larger number of laborato-  protocol C, 2 with protocol D, and a satellite
the dose-tesponse curves among laboratories  ries conducting protocol B (Figure 1). study using oral gavage with OVX animals.
are somewhat more variable berween the Genistein. A total of 14 .dose~response  All stuclies in all protocols were successful in
intact, immature animals and the OVX ani-  studies were conducted with GN, including 4 derecting increases in uterine weights ac one
mals ate not appreciably different, taking into  with protocol A, 4 with protocol B, 3 with  or more prescribed doscs,

Table 3. Uterine weights, body weights, and ratio of the relative increase in uterine weights for bisphenol A in protecel B.

Dosa 1 Duse 2 Dose 3 Dose 4 Dose 5
Laboratory Measure Vehicle {10 mg/kg/day) {100 mg/kg/day) {300 mg/kg/day) {600 mg/kg/day) (800 mg/kg/day)
2 Wet weight (mg, mean  S0) 28.1 +1.98 N.0z242 46.2+6.92 62.1£6.24 98.3:27.58 144.5 £ 53.95
Blatted weight {mg, mean + SD) 265+ 1.80 294+2.44 4454640 598£5.72 BB.0+ 17.01 108.0£ 1513
bw {g, mean + SD} 51.5£245 499288 515 +358 4884353 505+223 495385
Absolute ratio n 1.68 225 332 3.96
bw adjusted ratio 112 . 1.67* 230 - 3.30° 4.00*
{Lower CL, upper CLY {0.92,1.36) - {1.37, 202} 11.88, 2.81) {2.72, 401 {3.28,4.87)
6 Wet weight img, mean + SD) 61121524 Not done 1271773 806 £ 16.86 131.7£59.15®  Not done
Blotted waight {mg, maan = SD} 580 +14.00 i 69.1+£17.30 7681+ 15.96 1155 39.04
bw (g, mean & SO} 489815 49.0+6.92 479:7.07 526+ 6.68
Absolute ralio 119 1.32 1.89
hw adjustad ratio 118 1.37* 1.75*
{Lowar CL, upper CL} ) {0.90, 1.54} {1.05,1.79) {1.31,233)
7 Wetweight{mg, mean£SD) - - 345£430. 3404282 442£4.32 : 659 ¢ 10.58 161.6 £ 38.51 209.7 £35,88
Blotled weight {mg, mean + SB) 328426 3282292 . 42834.22 64.229.88. 113.0+£10.39 19.0+9.64
bw (g, mean = SO) 57.6+£4.26 56.6+3.96 5722370 §7.2:357 5494287 547 + 2.69
Absolulé rlio ' ' 100 130, 195 344 83
bw adjusted ratio 1.0 1.31* o185 347 366*
{Lower CL, upper CL} {0.85, 1.20} {1.10, 1.56) (1.64, 2.32) {2.90, 4.15) {3.06, 4.37)
8 Wot weight {mg, mean = SD) 262£279 295+ 4.42 365:5.35 49.1£2.34 534+ 11.59 77.4 £ 16.85
Blotted weight Img, mean £ SD) 235+233 218x424 345507 . 4554726 50.7 £10.71 701913
bw {g, mean + S0j 519675 521+ 757 5081196 5262359 51.4+7.00 496+ 5.42
Ahsolute ratin 1.18 1.47 1.93 215 2.98
bw adjusted ratio 1147 1.47* 1.9 2,13 3.0t
{Lower CL, upper CL) ~ {0.82, 1.50) {1.16, 1.97) {150, 2.43) (1.67, 2.1} (2.36,3.84)
12 Wet weight {mg, mean + SD) 268697 Not done 347£359 321:554 65.2£23.00 Not done
Blotted weight {mg, mean + SD) 2244647 341447 282 :6.64 563+ 17.81
bw (g, mean % 0| 40.4+3.38 3B81+662 368579 39.7 £ 4,08
Absolute ratio 1.40° 1.26 2.5
hw adjusted rativ 147 1.33 2.51*
{Lower CL, upper CL) (0.9925% 2.19) {0.88, 1.99) (1.70, 3.70)
13 Wet weight {mg, mean : SD) 3341702 37.0:9.27 453+ 06.56 61.5+10.82 1127 +75.60 14202564
Blotted weight {mg, mean = $D) 28.0 +3.46 31.2:7.28 38.8+12.95 51.3+15.60 §2.2:3140 1048+ 8.680
bw g, mean £ SD) 4524232 44.2 + 3.60 Mhx1.04 A5.8+ 3.06 13.3+356 123+ 273
Absalute ratio (AL 139 1.83 2.93 374
bw adjusted ratio 1.14 1.560 1.72* 2.88* 418*
{Lower CL, upper CL) 0.71,1.82) 10.91,2.47) {1.08, 2.76) {1.78, 4.64) {2.55,6.77)
15 Wet weight {img, mean + SD) 3324556 353:819 36.244.26 50.2+6.18 B28+2384 132.7£43.37
Blotied weight {mg, mean x SD) 28.7 £547 26.3+£4.68 213+4.80 368691 67.8:13.00 87511807
bw lg, mean  SD) 48.3 1 3.65 463+3.70 46.4£2.38 448384 4431477 489+£3.18
Absolute ratio 082 0.95 1.28 231 308
bw adjusted ratio ' 095 0.98 137 2.54* kNN
{Lower CL, upper CL) {0.72, 1.28) {0.75,1.29) {1.03,1.81) (191,337} {2.37, 4.08)
18 Wel weight {mg, mean + SD) 25.0+1.66 308+3.00 377320 L1550 98.6 £16.36 1449+ 44.28
Blotted weight (mg, mean  SDJ 213150 285+ 362 338385 46.6£5.28 721541 95,0+ 10.63
bw [g, mean £ 8D) 5212370 57149 530455 65.143.76 5382311 52,6 £3.02
Absnlute ratio 1.34 1.59 219 3.38 148
bw adjusted ratio 1.28* 167* 2.42¢ 337 4.42*
{Lower CL, upper CL) {1.08, 1.51) {1.34, 1.83) (1.81, 250} (2.85,3.91) 13.78,8.17)
20 Wet weight {mg, mean + SD) 57.7213.08 3621720 358429 53.7+ 9.83 90.2 £18.97 10733072
Blotted weight {mg, mean + SD) 543 11.77 274 +17.56 CN6x4W 50.81 5.08 817 £13.65 929+15.35
bw {g, mean £ SD} 50.7 + 4.01 h1.6+1.78 528+1.74 5144187 8042332 5142284
Absclute ratio . 1n 150 0.94 0.58 051
bw adjistad ratio 175 157° 0.95 0.59 0.50
{Lower CL, upper CU) {1.26, 2.43} {112,219} 10.89, 1.32) {n.4z,0.81) {0.36, 0.69)
2 Wet weight (mg, mean £ SD) 58.0:7.84 81.4+:9.96 8884872 107.7 £12.03 1209+ 15.32 136.1 1 1305
Blotted weight {mg, mean + SD} 4732692 67.7£7.79 1.0+ 9.08 89.0+ 11.37 93421404 113710149
bw (g, mean + SD) - — — 4 - -4
Absolute ratio 1.43% 1.507¢ 1.89* 197 Y. 7444
bw adjusted 1atio —! -t - — -
{Lawer CL, upper CL) . - —y -4 —/ —* —

aLower and upper 5% confidence limits for ratio of blotted utorine weights based on hody weights as a covariable. 80na enimal died in 630 mg BPA/kg/day group _befure'nacrapsy.
With the lower 95% confidence limit not > 1.0, the result is not statistically sinificant. #Terminal body weights were not recorded by the laboratory. °The blotted uterine weights wore
analyzed withont body welght adjustments and were found v bo statistically significant. *Level of significance, p< 0.08.”

1534 voLume 111 [ Numsen 12| September 2003 « Environmental Health Perspectives

-759-



Mini-Monograph | OECD uterotrophic bioassay validation: dose-response sludies

protocol A using oral gavage, two studies  study decected statistically significant increases

Within cach protocol, rthere was overall
in uterine weights at a dose of 1 mg GN/kg/day

agreement amang, different laboratories both in - detected stacistically significant increases in
the magnitude of the uterine weight increases  uterine weighrs at LOEL doses of 20 mg  and the other chree studies at doses of 15
and in the GN doses firse praducing a statisti- -~ GN/kg/day and the other two studies ac doses . mg/kg/day (Table 8). In protocol C, two of the
cally significant increase in uterine weight. In of 60 mg/kg/day (L'able 7). In protocol B, one  studies detected statistical significance ar doses

Table 4. Uterine weights, body weights, and ratio of the relative increase in uterine weights for bisphanol A in protacal C.

Dosa 1 Dose 2 Dose 3 Dose 4 Doso §
Laboratoy Measure Vehicle {10 mg/kg/day) {100 mg/kpfday) (300 mg/kg/day) {600 mg/kgiday) {800 mg/ko/day)
2 Wel weiyht {ing. mean = SD) 1038+13.20 116.9£13.00 2103 +62.72 439.1£1298 5B88.4 + 161.90 728.3+201.57
Bictted weight [mg, mean + SD) 99.8x10.76 112521169 188322651 2786+ 3586 306.7 + 32.98 301.9:43.25
bw {9, mean  $D} 2509+£13.24 2514+997 2402 +12.08 238.0£13.90 2364+£11.03 229911753
Absolute ralio 18 1.89 2.79 3.07 3.02
ow adjusted ratio - 113 1.89* 2.79¢ 3.08° 303
{Lower CL, upper CL)e 0.93, 1.37) {1.55, 2.30) (2.28, 3.41) {2.52,3.70) (2.45,275)
6 Wet weight (mg, mean x SD) 1155+19.84 Not dong 236.7£43.08 274.1£6959 728.8+207.15 Not done
Blotled weight (ing, mean £ SD)  110.7+ 1860 2195 £ 4559 236.1£531.39 393.7 2 68.46
hw g, mean £ SD) 29862976 291.6£1258 269.8 2497 2775+891
Absolute ratio 198 213 356
bw adjusted ratio 2.05* 2.41* 39z¢
(Lower CL, upper CL} (1.58, 2.66} {1.74,3.23) {2.97,5.18)
7 Wet weight {mg, mean  SD} 9141337 93.9 £ 10.84 150.3 £ 24.55 618.1157.48¢ 7649+ 173,18 825.8 £ 240.53
Blotled waight {mg, mean£SD] 868+ 12.90 91,5 10.46 1487 £23.53 2942:20.44 3313+ 32.99 31853210
bw lg, mean £ SD) 25021236 250641327 243321250 - 2295: 172 236.5+£9.30 2378974
Absolute ralio S K< ER 166 33t 375 359
b adjusted ratia 1.03 1.67* 3.44* a.85* 367"
{Lower CL, upper CL} {0.86,1.24) {1.38,2.01} {2.76, 4.30) {3.16, 4.70) {3.02, 4.47)
8 Wet weight (mg, mean £ 8D) 925+£1051 - 804782 152.1+29.28 353.9+ 0649 356.3 = §2.07 388.1 £ 113.91
: Blotted weight {mg, mean £ SO} 880976 86.0+7.29 139.3+21.94 2292+ 35.16 243423012 239.6 = 35.55
hw [g. mean £ SD) 291.0£17.09 2915+17.04 2823+ 11,680 2812+ 14.29 2763+ 21.93 276.5 1953
Absolute ratio 098 158 2.60 277 272
b adjusled ratia 0.98 1.60° 2.65* 285 279
{Lower CL, upper CL) {0.80, 1.200 {1.31, 1.96) 12,16, 3.24) (232, 3.51) (2.27, 3.43)
12 Wet weight {mg, mean x SD) 106.0 £18.84 Not done 2254 4583 444.5 £ 88.96 837.0+207.10 - Not done
Blotted weight {mg, mean £ 5D} 98.6 £ 22.04 197.4 £ 33.68 266.3+44.60 31416001
buw {g, mean + SD) 297.2 21454 2918+12.26 299.9+10.99 788.3+23.00
Absolute ratio : 2.00 270 319
bw adjusted ratia 203 272 329
{Lower CL, upper CL) {1.53, 2.70) {2.05, 3.61) {2.43,4.32)

A nwer and upper 95% ranfidence limits for ratio of blotted uterine weights hased on hody weights as a covariable. "Unc'animal died in 300 mg BPAskg/day group bafore necropsy.
“Level of significanee, p < .05,

Table 5. Uterine weights, body weights, and ratio of the relative increase in uterine weights for bisphenol A in protacel D.

Nose 1 Dose 2 Dose 3 Dose 4 Dose §
Laboratory Measure Vehicle {10 mg/kg/day) {100 mg/kg/day) {300 mgskg/day}  {GUC mprkg/day) (800 mg/kg/day)
2 Wet weight img, mean + SO) 89.0=1397 100.8+16.54 2145 £14.M 3428+ 4258 B13.0+141.93 484.8 £ 139.04
" Bloled weight [mg, mean 2. SD) 86211356 9781607 209.7+13.14 306.8 + 18.43 389.9 £ 57.69 353914807
bw (g, mean + SO} 2746+ 15.93 268.2:20.29 2468 +9.48 2362101 2425+ 16.54 2305124.79
Absalute ratio 113 243 356 452 an
bw adjusted ratio ) 114 253 3.74* 4.69* 431
{Lower CL, upper CLJ {091, 1.41) {1.99, 3.21) 12.89, 4.84) 13.67, 5.99) {3.28, 5.67)
7 Wet weight{mg, mean£ SD) . 8221294 g11:7.47 1927 £6.30 358.8 £ 109.44 42147268 525.8 + 41.04
Blotted weight (mg, mean + S0} 804+ 2.70 888:7.70 188.8+4.96 314.1£40.32 346.7 1 41.94 3188+ 2757
bw {g, mean = SD) 2837 + 14.51 205.8 £ 14.66 2591+ 1175 2057£574 2495+7.28 2414546.29
Absalute ratio i 235 391 432 4.69
bw adjusted ratio 1.10 2.35* - 390 4.30° 1.0
{Lower CL, upper CL) 10.97, 1.26) {2.00,2.77) {3.18,4.78) (356, 5.19) {3.84,5.75)

“Lower and upper 4% confidence limits for ratio of blotted utering weights basud on body weights as a covariable. *Level of sigaificance, p < 0.05.

Table 6. Uterine weights, body weights, and ratio of the relative increase in uterine weights for bisphenol A in satellite 0VX protocol by oral gavage.

Dose 1 Dose 2 Duse 3 Dose 4 Dose 5

Laboratary Measure Vehicle {60 mg/kg/day) {200 mg/kg/day) {375 mg/kg/day} (600 mo/kg/day} (1,000 my/ky/day)
12 Wet weight {mg, mean = SDj 101.1£16.93 Not dang 1209+ 11.63 133.7=38.71 1309 1192 Not done

Blotted weight img, mean = SD) 950 +£16.43 1124+ 1036 12523035 1253 &£ 10.03

bw [y, mean + S0) 29552 11.09 2R1.7 11455 289.7 £ 11.37 2785+ 11.92

Absclute ratin ) . 1.18 132 1.32

bw adjusted rdtio 116 1.27 1.29

{Lower CL, upper CLY? . {0.88, 1.56} {0.97,1.68} {0.94, 1.75)

*Lower and uppor 95% confidence limits tor ratio of biotted uterine weiglits hased an bady weights as a covariable.
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of 15 mp GN/kg/day and another at a dose of

35 mglkg/day (Table 9). In protocol D, both
studies detected stadistical significance ac doses
of 15 mg GN/kg/day (Table 10). The sacellite
study with OVX animals using oral gavage

increases and in the MX doses first producing
a statiscically significant increase in uterine
weight. In protocol A using oral gavage, three
studies detected scatistically significant
increases in uterine weights at the LOEL dose

administration detecred statistically significant
increases in utering weight at the lowest of the’
three inermediate doses used in that study, 60
mglkg/day (i.e., the lowest 20-ing GN/kg/day
dose was not tesced in this laboratary with chis
promcn'l) (Table 11).

The GN results, except for the satellite
study, are shown graphically in Figure 2, In
protocol A using oral gavage, the ratio of the
maximum mean uterine weights of the
treated groups to the controls was gencrally

Ratio of uterine weight
{test/contrel)

Ratio of uterine weight
{test/control)

of 20 mg MX/kg/day. Laboratory 12, how-
ever, used only the three intermediate doses
and detected sttistically significant increases
in uterine weights ac its lowest dose of
50 mglkg/day, where the ratio of relative

<[ lah2 A Lab13
oo 8+ LghB 2 Lub 15 ]
® lob7 4 Loh18
ke LB 1@ Leb20
H4 0 lehiz O Lab2t

PRl rnss?

berween 2.5 and 3.5. In protocol B with w0 Lo
intace, immature aninals, the ratio relative to Dose (mp/kg/day)
the controls was again 2.5 to nearly 4. In pro-
tocol C, the maximum induction was less,
with the ratio approaching 2. In protocol D
with extended dosing to 7 days, the response
in the mature OVX animals reached an -
equivalent maximum responsc to the intact
jmmature animals after 3 dayy of dosing.

Methoxychlor. A total of 14 dose—response
studies were conducted with MX, including 4
with protocol A, 4 with protocol B, 3 with
protocol C, 2 with protocol D, and a sacellite
study using oral gavage with OVX animals.
All studies in all protocols were successful in
detecting increases in uterine weights at one or
maore prescribed doses, ,

Within each protoecol, there was overall
agreement among different laboratorics both
in the magnitude of the uterine weight

] S

~

Ratio of uterine weight
{test/control}
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Figure 1. Ratio of the mean blotted uterine waight in respanse to doses of BPA relative to the vehicle control
group. [4) Participating laboratory rasults for protocol A using immature famale rats, dosing by aral gavage for
3 consecutive days. |B) Participating laboratary results for protocol B using immature female rats, dasing hy se
injactian for 3 consecutive days. (€} Participating laboratary results for pratocal C using adult 0VX rats, dosing
by sc Injection for 3 consecutive days. | D) Participating laboratory results for protocol C using adult OVX rats
and extending sc injection dosing to 7 days. In all cases, animals weare humanaly sacrificed 24 hr after the last
dose administration, the uteri were removed and trimmed,

and wet and blotted weights were recarded,

Table 7. Uterine weights, body weights, and ratlo of the relative increase In uterine weights for GN in protacol A.

Dose 1 Dose 2 Dose 3 Dose 4 Dose 5
Laboratury Measure Vehicle (20 mo/kg/day) 160 mg/kg/day) {120 mg/kg/day) (300 mg/kg/day) {500 mg/kg/day)
1 Wet weight {mg, mean = SD) 45926.29 g2x1202 - 80.6£7.40 8392835 924 £8.19° - 11232877
Blotted weight {mg, mean 8D} 3312410 55311149 66.3£7.03 74.7+8.69 B1.4£785 96.8+24.56
~ bw g, mean x SD} 67.3+£2.62 66.3+3.50 - 6672281 65.4£5.09 63.6+253 63.5%2.30
Absoluts ratio? 1.4 - 175 191 2.08 248
bw adjusted ratio? 142* 1.78* 1.97¢ 2.22* 256
{Lower CL, upper CL¥F {1.08, 1.85} (1,35, 2.30) {1.50, 2.58) 11,67, 2.95) {1.83, 3.41)
8 Wet weight {mg, mean x SO} 231375 248+ 361 36.2¢611 51.7£399 65.5+9.44 6982782
Blofled weight {mg, mean+ 8D} 2142256 229+3.16 34145862 196+4.09 $1.7£850 65.7 +7.81
bw (g, mean + SD) 465 2 5.61 408+4.34 440+4.49 4441435 42.9+3.98 4272473
Absolute ratio 107 1.59 232 2.88 307
bw adjusted ratio 1.12 161* 2.36* 2.96* 3.16*
{Lawer CL, upper CL) {0.91,1.37} {1.33, 1.96) (1.94,2.87) (2.42, 3.61) 12.59, 3.86)
9 Wet weight {mg, mean 2 SD} 297454 309+ 649 B8.1+£13.87 7704868 748725 91.04.1513
Blnttad waight {mg, mean+ 8D} 28.2+£4.48 3941553 $5.6+13.93 76.3+8.60 7412723 89.0+ 1352
bw {g, mean & SO) 56.7 + 2.71 58.0+3.90 57.7 £3.61 5721281 5814212 86.8+3.31
Absolute ratio 135 224 261 253 3.05
bw adjusted ratio 1.36% . 223 . 263" 2.57* o1t
{Lower GL, upper CL) {1.072,1.71) {1.77,2.82) 12.08, 3.1} {2.03, 3.25} (241, 3.84)
12 Wet weight {mg, mean + SD) 242:248 Not done 58.5+£10.89 722124 828+ 11.95 Nnt dano
Blotted weight (mg, mean + SD) 206+ 1.81 52.4+ 989 64.5+£11.94 7461043
bw {g, mean = SD} 39.7:3.10 407+3.30 417490 4341448
Absolute rativ 255 KRE 3.63
bw adjusted ratio 249* 3.03* 347
{Lower CL, upper CL} (1.97,3.15) {2.39, 3.89) {2.71, 4.45)

*Ratio of arithmetic moans of the treated blotted utarine welghts ralative to the vehicle control blotted uterine welg

ht. ®Ratia of geometric maans of traated blotted uterine weights rela-

tiva to the vehicla control blotted uterine weights after adjusting for body weights at necropsy as a covariable. “Lower and upper 45% confidenca limits for ratio of bletted uterine
welghts busad on hody weights as a covariable. *Level of signiticance, p < 0.05.
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Tahle 8. Uterine weights, bady weights, and ratio of the ralative increase in uterine weights for GN in protocol B.

Dose 1 Dose 2 Dose 3 Uose 4 Dose 5
Laboratory Maasure Vehicle {1 mp/ky/day) {15 my/ko/day) {35 my/ky/day) (50 my/ky/day) {80 my/kg/day)
1 ’ Wel weight (ing, maan + SD} 38.2.£10.47 44521146 628+6.75 62.9+14.09 105.2 £ 16.99 120.2£20.31
' Blotted weight g, mean £ SO} 33448532 39.6 £ 1026 58.0+£5.64 - 754 £11:61 94241081 . 1069£14.33
bw [y, mean £ SD) £31+4.45 624£3.10 B28+3.36 620314 2.5+ 350 6081314
Absoluta ratio . 1.19 1.74. 2.26 282 3.
bw adjusted ratio, 1.20 1.79* 233* 91 3.30*
{Lower CL, upper CLJ® {0.80, 1.59) {1.35,2.38) {1.75,3.0) (2.19, 3.86} (2.47,4.42)
8 Wet weight (mg, mean £ S0) 226140 2604278 4651 9.17 5884 11.38 67.6 21051 84.318.44
Blotted weight (mg, mean £ SO} 20941.12 244+ 187 M4+ 883 56411091 64.810.08 80.4+7.84
‘hw {g, mean = SO} 52.3+5.95 51.1£56.78 51.95.34 5112510 51.6+4.42 526 £4.92
Absolute ratio 117 212 2.0 3.10 3.85
bw adjusted ratio 1.18 2107 2.69* 3.08* 3.83*
{Lower CL, upper CL} (0.96. 1.45) {1.71,258) (2.19,3.30} {2.51,379) {312,471
] Wet weight {mg, mean 1 SD) 3491347 413049 659+ 4.95 89.9+4.69 1068.7£7.711 145.3 £29.46
Blotted weight (mg, mean £ SO} 34.1£ 367 400+ 8.20 64.7:518 - 86.7 + 481 10412712 12002 13.10
bw {g, méari £ 8D} 580227 - b71+354 577+3.30 59.3+3.89 57.2¢1.99 584284
Absalute ratio : 1.18 1.90 261 3.06 352 -
bw adjusted ratio 118 1.01% 257* KNIy 3.50*
{Lower CL, upper CL) ) {1.0006% 1.30) {183, 2.25) (2.19, 3.02} {2.63, 3.69) (2.98,4.11)
12 Wet weight {mg, mean = 5D) 2681697 Not done #1.7+8.38 559+ 13.68 66.2 £ 1475 Mot done
Blotted weight {mg, mean £ SD) 224 :6.47 352:919 50.6 £ 1096 59.4112.38
bw {g, mean 1 SD) 40.4+3.38 . 4211540 40.6 £ 4.57 403358
Absolute ratio 157 226 2.85
b adjusted ratio : 1.48* 2.28* 2.70¢
{Lawer CL, upper CL) {1.10, 1.99) (1.70, 3.05) (2.02, 3.61)

“Lowar and upper 35% confidence linits for ratio of blotted utering weights based on body woights as a covariable. "With the lower §5% confidence fimit > 1.0, the result is statistically
significant. *Lovel of significance, p < 0.05.

Table 9. Uterine weights, body weights, and ratio of the relative increase in uterine weights for GN in prntocuf C.

Dose | Dosa 2 Dose 3 Dose 4 Dose 5
laboratory Measure Vehicle {1 my/kg/day) {15 my/kg/day) 135 mg/kg/day) 150 mg/kg/day) 180 ma/kg/day)
1 Wet weight (mg, mean + SD) 93.5% 1230 840:786 . 14471842 1626+13.97 151,04 14.35 17764011

Biotted weight {mg, mean 1 8D) 85911310 7721644 131511540 15161314 142.1+11.98 163.4£33.74
bw lg, mean + SD} 272512075 277021383 2755+ 1415 2704 £14.70 267.4 1:10.96 27241503
Absolute ratio 08 1.53 1 1.68 180
bw adjusied ratio 090 1.53" 1.78% 1.6¢* 1.89*
{Lower CL, upper CL¥ {0.74, 1.10) 11.25, 1.08) {1.48, 2.18) {1.37, 2.05) {1.54,2.31)
9 Wet weight {mg, mean 2 80) 87.2 411,74 85911039 1369+ 2321 16141749 181.0£17.13 172681357
Blotted weight {mg, moan = 80} 86.3+11.68 85.0+ 1035 1350 +22.92 160.147.33 1794 £ 16.71 17061192
hw {g, mean + SD} 256.1 +8.87 257,91 10.05 25842990 2552 11.14 253.3£12.08 253.6 £ 10.56
Absoluteratio - 0.99 157 1.46 2.08 1.98
hw adjusted ratio 0.99 157" 187" 2.08* 1.98*
{Lower CL, upper CLj {0.83,1.18) [1.32, 1.88) {1.56,2.23) (1.74, 2.48) {1.86.2.37)
12 Wet weight {mg, mean = S0} 106.0+18.84 Not done 146.1£33.23 162.2 +26.36 183.3+57.85 Not done
Blotted weight {mg, mean + SD) 98.61.22.04 13391 30.80 152.0 £ 24.28 168.3+ 51.04
bw {g, mean £ SO} 297.2+ 1454 30361280 29721770 303421797
Absnlyte 1atio 1.36 154 1.7
hw adjusted ratio 1.3 1.56* 182*
{Lower CL, upper CL} . {0.92, 1.87) {1.09,2.21) {1.14,2.32)

“Lower and upper 95% confidence limits for ratio of blotted uterine weights based on body weights as a covarlable. *Level of significance, p < 0.05.

Table 10. Uterine weights, body weights, and ratio of the relative increase in uterine weights for GN in protocol D.

Dose 1 Dose 2 Dose 3 Dose 4 : Dose b
Laboratory Measure Vehicle {1 mg/kg/day) 115 mg/kg/day) 135 mg/kg/day) {50 mg/kg/day) {80 mg/kg/day)
1 Wet weight {mg, mean + SU) 96.4£17.25 96.9 = 15.94 161.4 £ 20.55 2078 £28.01 2220£28.72 394.0 . 75.24
Blutted weight {mg, mean = S0} 87.2+1517 858+ 11.09 145.8 + 19.66 189.3 £22.50 20002522 30362491
hw {g, mean £ SO} 2815+ 1995 208.8+13.92 27021468 264.2 + 14.56 266.4 £1293 2653« 12.31
Absolute ratio 0.98 167 217 2.29 348
bw adjusted ratio * (.98 1.87* 2,207 23" 3.55*
{tower CL, upper CL)? 10.80, 1.23) {1.35, 2.07) {1.78,2.73) {1.87, 2.86) {2.87, 4.40}
9 Wet waight mg, mean + SD} 76.8+4.59 aMngi91/- 1575+ 21.51 1835+ 124 2099+ 11.29 243.8£76.43
Bilotted weight {mg, mean 1 SD} 7591497 89.7£9.13 156742176 - 19241173 208.7+10.70 21531+ 37.35
bw (g, mean £ SD) 28211240 2641177 27691239 280.2+10.44 217141244 2753+ 12.18
Absolute ratio 1.18 2.06 2.53 275 284
bw atljusted ratio . - 118 2.06¢ 2.54* 2.75* 2.81*
{Lower CL, upper CL) 109995% 1 34) {1.74,2.43 {2.15,2.99) {2.33,3.25) {2.38,3.32)

“Lowar and uppier 85% confidence limits for ratio of blotted uterine waights based on hody weights as a covariable. 3With the lowar 85% confidence limil nol > 1.0, the rosult is not sta-
tisticafly significant. *Lavel of significance, p < 0.05.
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increase in uterine weight was already
appraaching 4 (Table 12). In protocol B, four
studics detected seatistically significant
increases in uterine weighs at the sccond dose
of 100 ing MX/kg/day (Table 13). In proto-
cols C and D, all studies detected statistical
significance at che sccond dose of 100 mg
MX/kg/day (Tables 14 and 15), The satellite
study with OVX animals using oral gavage
administration detected statistically significant
increases in uterine weight at the lowest of the
three intermediate doses used in thar sndy,
50 mglkg/day (i.e., the lowest 20-mg
MX/kg/day dosc was not tested in chis labora-
tory with this protocel) (Table 16).

The MX results, except for the satellice
study, are shown graphically in Figure 3. In
protocol A, all studies at the lowest dase had
ratios of the maximum mean utcrine weights
of the treated groups ro the controls of 2 to
3.5, Thus, the selecied doses were unable to
indicarc 2 minimal effective dose. In the case
of MX, the oral route of administration was
more sensitive than sc injection {Table 12). In
protocols B, C, and D, the lowest dose pro-
ducing a statistically significant increase in
uterine weights was similar (Tables 13-15).
However, protocol B produced a somewhat
higher racio of the maximum mcan uterine
weights relative to the controls of 2.5 ro 3.5.
The extended, 7-day dosing in protocol D
did not lead to any increase in the maximum
increase in urerine weights in the case of MX.
With MX, the dose-respunse curves of proto-
col B appeired ro be more variable than pro-
tocals C and D (Figure 3). The satellite study
with OVX animals using oral gavage adminis-
tration detected staristically significant
increases in utcrine weight at the lowest of the
three intermediare doses used in that study,
60 mglkg/day (i.e., the lowest 20-mg
MX/kg/day dose was not tested in this labora-
tory with this protocol) (Table 16).

" Nonglphenol. A total of 22 dose-response
studies were conducted with NP, including 4
with protocol A, 10 with protocol B, 5 with
protocol C, 2 with protocol D, and a satellite
study using oral gavage with OVX dnimals.
Three of the 21 NP studies were unsuccessful
in derecting increases in uterine weights a
any of the prescribed doses, Again, laboratory
21 did nat record the required terminal body
weights, and these studies could not be

statistically analyzed using body weight
adjustinent. However, che wet and blotted
uterine results are included in Table™18 and
Figurc 4, and these have been statistically
compared withour body weight adjustment.
Within each protocol, there was overall
agreement among different laboraories both
in the magnitude of the uterine weight
increases and in the NP doses first producing a
statistically significant increase in uterine
weight. In protocol A using oral gavage, all
four scudies derected statistically significant
increases in uterine weights at LOEL doses of
75 mg NP/kg/day (Table 17). In protocol B,
seven of ninc stdics detected staristically sig-
nificant increases in urerine weights at doses of
35 mg NP/kgfday (ove study), 80 mgflg/day
(five studies), and 100 my/kg/day (one study).
One of two laboratories that failed to detect a
significantly inéreased uterine weight used
only the three intermediate doses and did not

£ %
£g Es
g%’ g

38 =4

use the highest dose (1'able 18). In protocol C,
four of five swudies detected statistical signifi-
cant increases in uterine weights at doses of 33
mg NP/kg/day (one study), 80 mg/kg/day
(one study) and 100 mg/kg/day (two studies)
(Table 19). The laboratory chat failed to
detect a significant increase in uterine weight
used only the three incermediate doses and did
not use the highest dose. Tn prorocol D, both
studies detected stadistical significance ar a
dase of 35 mg NP/kg/day (Table 20). The
satellice study with OVX animals using oral
gavage administration detecred statistically sig-
nificant increases in uterine weight ac the low-
est of the three intermediate doses used in thar
study, 75 mglkg/day {i.c., the lowest 15-mg
NP/kg/day dosc was not tested in this labora-
tory with this protocel) (Table 21).

The NP resules, excepr for the satellive
study, are shown graphically in Figure 4. In
protocal A using oral gavage, the ratio of the

300 A00 500 600

0 .100 20
Dose {my/ka/day)

Ratio of uterine weight .
(test/control)

Ratio of uterine waight
{test/control)

0 zn R 10
Dose (my/kyfday)

v Tam wm © 100
Dose {mg/kg/day)

Figure 2. Ratio of the mean absolute blotted uterine weight in respanse to doses of GN relative to the vehi-
cle control group, {4) Participating laboratory results for protocol A using immature female rats, dosing by
oral gavage for 3 consecutive days. (B) Participating lahoratory results for protocol B using immature
female rats, dosing by sc injection for 3 consacutive days. {£) Participating laboratory results for protocol C
using adult OVX rats, dosing by sc injection for 3 consecutive days. {D) Participating laboratory results for

protocol C using adult OVX rats and extending sc injection

dosing ta 7 days. In all cases, animals wers

humanely sacrificed 24 hr after the last dose administration, the uteri were removed and trimmed, and wet

and blotted weights were recorded.

Table 11. Uterine weights, body weights, and ratio of the relative increass in uterine weights for GN in satellite OVX protocol by oral gavage.

Nose 1 Dose 2 Dose 3 Dose 4 Dose b

Laboratory Measure Vehicle {20 mg/kg/day) {60 mg/ky/day) {120 mgékg/day) (300 mg/kg/day) {500 ma/kg/day)
12 Wet weight {mg. mean £ SD) 101.1 £ 16.93 Not done 1045+ 60.41 191744316 270.9+9251 Not done

Blotted weight {mg, mean + SN} 950+ 16.43 1726 £38.92 178.9 + 39.60 195.1 £ 20.90

b {g, mean = SD) 2955+ 11.08 291.2£12.85 285.7 +6.30 2834 +12.34

Absolute ratio 1.82 1.88 2.05

bw adjusted rativ 1.83¢ 193¢ . 2.16*

{Lower CL, uppor CLI? (1,34, 2.48) {1.40, 2.60) {155, 3.00)

Lower and upper 95% confidence limits for ratio ot blotied uterine weihis based on body weights as s covoriable. *Level of significance, p<0.05.
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maximum mean uterine weights of the treated
groups to the controls was generally between 2
and 3 for the traared groups relative Lo the
controls. The ratio of uweated to vehicle groups
was 1.5 to 3 in protacol B, a more modest 1.5
in protocol C, and 2 by extending the dosing
tor 7 days in protacol D. Again, dose—response
curves among laboratories in protocol B

appeared to be more varinhle than pratacols C

~and D (Figure 4).

0,p"-DDT. A roral of 14 dose—response
studies were conducted with 0,p°-DDT,
including 4 with prorocol A, 4 wich
protocol B, 3 with protaco] C, 2 with prowacol
D, and a satellite study using oral gavage with
OVX animals, Thireen ol the 14 studies were

suceesslul in detecting increases in urerine
weights at one or more prescribed doses.
Within each protocol, there was averall agree-
ment among dilferent laboratorics both in the
magnitude of che uterine weight increases and
in the 0,2"-DDT doses first praducing a stais-
ically significant increase in uterine weight. In
protocol A using oral gavage, onc study

Table 12. Uterine weights, body weights, and ratio of the relative increase in uterine waights far MX in protocal A,

Dose 1 Dose 2 Dose 3 Dose 4 Dose

Laboratory Moasure Vehicle {20 my/ky/day) {50 mg/kg/day) (120 mg/kg/day) (300 mg/ko/day) {800 mg/kg/day)

1 Wat weight [mg, mean = SD} 4431644 882117.18 104521359 1034 £ 11.55 1126844 1143637
Blotted weight {mg, mean < SD) 3844 650 78441674 4711113 16.2+7.74 9314750 an.8+5.14
b {g, tmean + SD} 616249 6144378 611 =184 61.1£357 592221 58.0£2.96
Absolute ratio® 1.99 2.27 225 243 2.58
hw adjusted ratio® 1.98* 231 230% 2.59* 283"
{Lowor CL, upper CLY {1.65, 2.39) (191,279 11.90,2.77) {2.13,3.15) {2.31, 3.46)

3 Wet waight {mg, mean 1+ SN} 3461383 74711074 90.7 £ 10.65 ;meE£9N 108.8+ 962 98.0+ 16.90
Blotied weight {mg, mean £ SD) 326423 72221022 9082967 9471891 105.0£9.75 84.8£1537
bw (g, mean ¢ SO $2.9+164 . 6224338 6203.04 621344 58.4+3.31 58.0+ 4.00
Absalute ratio 1.82 2.28 239 2.65 2.39
bw adjnsted ratio 1.88* 237 247 294 2.65*
{Lower CL, upper CL) {152, 2.31) {192,293 {2.00, 3.05} {2.34,3.69) {2.11,3.35)

12 Wet weight {mg, mean + SD) 242+:248 Not done 89.3+26.37 88.3+17.06 86.3+£1042 Not done

’ Blotted weight {mg, mean + SD} 206+1.51 79.6 +24.95 7781483 78.6+1002
bw{g, mean SD) w7:300 3941578 39.2+3.38 3832330
Absolute ratio 387 378 3.83
bw adjusted rativ e 3.8g* 3.98*
{Lower CL, upper CL) {2.87,4.79) {2.93,4.90) {3.07.5.15)

14 Wet weight (ing, mean 1 SN} 1841219 58.3+16.27 5624801 B5.4 1 8.20¢ 63451141 62.0 + 4.58¢
Blotted weight |mg, moan + SO} 14.8£228 51.0+12.98 4524813 59.2+ 9.685 56.6+8.20 61.7:379 -
bw {g, mean £ SD} 40.3:6.83 4581426 4051 4.69 482+ 5.81 46.3+5.47 476+4.17
Absulute rativ 345 3.05 4.00 376 348
bw adjustad ratio 314" 308 359+ 346" 319*
{Lower CL, upper CL) (2.31, 4.26) {2.27, 4.05) {257,5.01) [2.51,4.77) {2.19, 4.63)

"Ratio of arithmatic means of the treated blatted uterine welghts relative o the vehicle contral blatted uterine waights. “Ratlo of geametric maans of treated blotted uterine weights rele-
tive to the vehicle cantral hiotted uterine weights siter adjusting for body weights at necrapsy as a rovariable. “Lower and upper 95% confidonce limits for rativ of blotted utarine
weights based on bady weights as a covariable. “One animal died in 120 mg MX/kg/day group before necropsy; one animal died in 300 mg MX/kg/day group before necropsy; threa ani-
mals died in 500 my MXkg/day gioup beloie neciopsy; and one animal also died in the vohiele control group before necropsy. *Level of significance, p < 0.05.

Table 13, Uterine weights, body weights, and ratio of the relative increase in uterine weights for MX in protocol B,

Daso 1 Dose 2 Dosa 3 Dose 4 Dose 5
Labaratory Measure Vehicle {20 mg/kg/day) (100 mg/kg/day) (250 mo/kg/day) (500 mg/kg/day)  {BOO mg/kg/day)
1 Wet weight (mg, mean SO} 3971758 449918 524+9.38 77011382 99311757 103.4+6.86
Bloted weight {mg, mean + SD}  35.216.34 405842 480943 6801128 86.3+10.15 9352615
bw {9, mean + SD} 6.6+ .48 85.0+387 65.4:4.20 655369 64.7+292 6481384
Absolute ratio 1.16 1.36 1.93 245 268
bw adjusted ratio 1.16 1.36° 1.94* 2.47¢ 2.69°
{Lower CL, upper CLy {0.89, 1.50) {1.05, 1.76} {1.50, 2.5} 181,321 {2.08, 3.49}
3 Wel waight (mg, mean 1 SN) 3421349 47.1+6.83 86.2+19.85 108.9+20.26 121923068 1387 £ 10.78
Blotted weight (mg, mean+ SO} 31.5:3.97 45.1£6.82 81.0+1697 101.4£16.06 10741790 132.2+9.09
bw (g, mean 1 S0} 6351392 63.2:213 626+ 1.54 615+338 623259 63.8=154
Absoluse ratio 1.20 2.16 270 2.86 352
bw adjusted ratio 1.21 221 2.8 298 352*
{Lower CL, upper CL} (0.9911% 1.49) (1.80,2.71) (2.34,3.55) 12.42, 3.65) {287,431}
12 Wet weight (mg, mean + SD) 2681897 Not done 713£10.13 #92:898 83.2+ 1060 Nat done
Bloted weight {mg, mean= SU) 224 £6.47 62.3+9.23 76.2 = 38.60 720942
bw {g, mean £ SD} - 4042338 397698 396 + 1.66 387527
Alisalule ratio 278 340 3.21
bw adjusted ratio 2.85° 3.53* 33
{Lower CL, upper CL) (2.18,3.77} {2.68, 4.65) {2.53, 4.40}
14 Wot weight {mg, mean = SD} 183z 3.61 235418 408+ 14.58 58.2+£13.33 743+£1844 726£21.34
Biotted weight (ng, mean 1 S0} 1632378 178454 277+628 44311234 61.8£13.12 §0.2 1 7.60
bw {g, mean + SD) 442 525 N7 AR 464497 407 £9.15 44.7 £ 500 4581449
Absolute ratio 1.08 1.69 n 1 369
bw adjusted ratio -l 1.62* 28%* 376" 3.56¢
{Lower CL, upper Cl) {0.78, 1.45} {1.20,219) (213,3.93) {2.78, 5.09) {2.58, 4.88]

%Lower and uppet 95% conlidence limits for ratio of blotted uterine we!gh!s baset on body weighls as a covariable, *With the lower 95% confidence limit not > 1.0, the result is not sta-

tisticatly significant. *Lovel of significance, p < 0.05.
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detected statistically significant increases in
uterine weights at a LOEL dose of 10 mg
DDTlkglday, and three studics ar 50
mp/kg/day (Table 22). In protocal B, one
study detected statistically significant increases
at a dose of 100 mg DDT/kg/day, and the
other three laboratories achieved statistical
significance at dases of 200 mgfkg/day
(Table 23). In protocol C, one scudy detected
statistical significance at a dosc of 50 mg
DDT/kg/day and anc study at a dose of 100
mg/kg/d (Table 24). The laboratory that did
not achicve statistical significance used only
the three intermediace doses and did not vse
the high duse of 200 mglkgfday. In protocal

D, one study derected statistical significance at
a dose of 30 mg DDT/kg/day and the other at
a dose of 100 mg/kg/day (Table 25). The
satellite study with OVX animals using oral
gavage adminiseracion detected statistically sig-
nificant increnses in uterine weight ac the low-
est af the three intermediate doses used in tha
study, 50 mglkg/day (i.c., the lowest 10-my
DI T/kglday dose was not tested in this fabo-
ratory with this protocol) (Tuble 26).

The 0,p"-DDT resules, except for the
satellice study, are shown graphically in Figure
5, In protocol A using oral gavage, the ratio of
the maximum mean utcrine weights of the
treated groups to the controls was gencrally

between 2.5 and 3.5 and platcaued ac the sec-
ond-highest dose of 300 mg/kg/day. In proto-
cols B, C, and D, the ratio in uterine weights
was approximately 1.5, Extending the dosing
ro 7 days did not lead to an apparent increase
in the maximum induction in uterine
weights, Within the sc protocols, there was no
apparent difference in variability of the
dose~response curves between the inracr,
immature, and QVX animals,

Discussion and Conclusions

Reproducibilicy of the dose response among
laboratories within a given protocol was good.
It is noteworchy that this reproducibility was

Table 14. Utarine waights, body waghts, and ratio of the relative increass in uterine waights for MX in protocaol C.

Dose 1 Dose 2 Dose 3 Dose 4 Nose 5

Labaratory Measure Vehicle 120 mg/kg/day) 1100 mykg/dayl {50 mg/kg/day) (500 moskg/day) (800 morkasday)

1 i Wet weight {mg, mean x SD) 92118486 88.5+6.03 1183£15.22 173.3+£34.90 256.7 + 80.39 282.1£ 9049
Blotterl waight {mg, mean+ SD}  84.9£8.03 81.4+6.04 1083138 1865+ 25.31 197.1 £ 48.05 2033+ 3471
bw {g, mean + SD) 2659 +10.19 259.41:16.10 2517+ 852 249.3 £ 9.53 248.0+11.64 2466+ 13.26
Absolute ratio . 0.96 1.28 - 184 232 239
bw adjusted ratio 0.95 1.28" 1.85° 2.32* 242
{Lower CL, upper GL)? {0.77,1.19) {1.03, 1.59) - {1.49,2.31) {1.86,2.89) (1.93,3.02)

3 Wet weight {mg, mean = SD) 908837 971847 155.7 £19.42 1844+ 33.95 2984+ 12620 290.9£56.93
Blotted weight fing, mean + SD}  85.5+8.57 9251893 1497 2 1859 1736+ 30.05 21202748 226.2 £23.49
bw g, mean + SN 271851115 2187 21033 27271 £ 1533 . 27240041 261211298 264.5 £12.62
Absolute ratio 1.08 1.74 2.03 248 2.64
bw adjusted ratio 1.08 » 112 1.99* 242 259+
{Lower CL, upper CL) {0.89, 1.32) 11.41, 2.0} {1.63.2.43) 11.96, 2.98) {2.10,3.19)

12 Wet weight {mg, mean + SO 106.0 £ 18.84 Not done 170243193 196.8 % 48.65 2146+24.88 Not done
Blotted weight {ing, mean + SD) 986 22.04 155.8 43281 171.7+36.48 185,04 22.30
bwe {g, mean + SD) 207.2 = 14.54 287.4+16.77 2900+ 12.36 208.7£9.24
Absolute ratio : -1.58 1.74 168
bw adjusted ratio 1.63* 1.79* 1.95*

{Lower CL, upper CL} 1.21,2.19) {1.33,2.39} (1.45, 2.62}

2 ower and upper 85% confidance limits for ratio of blotted uterine weights based on body weights as & covariable. *Level of significance, p< 0.05.

Table 15, Uterine weights, body weigtits, and ratio of the relativa increase in utering weights for MXin pratocot D.

Dose | Dosa 2 Dose 3 Dose 4 Dose b

Laboratary Measure Vehicle {20 mg/kg/day} {100 mg/kg/day) {250 mg/kg/day! (500 mg/kg/day) {800 mg/kg/day}

1 Wet waight (mg, mean + SD} 98.1 £ 1543 8061193 128122827 187.9+32.11 254.0£61.79 246.9 = 30.58
Blotied weight {mg, mean+ S0} 90.8+15.92 848+ 10.43 121.2:26.36 155.9+28.39 ARKEX WA 2167+ 27.12
bw {g, mean % SO) 272.1 1 14.66 271611686 232.2 1485 2514+ 14.80 2485+17.59 2458+ 14.41
Absglute ratio 0.93 1.3¢ 1.72 2.33 2.3
bw adjusted ratio 0.94 1.33* 1.75* 2.30* 2.46*

{Lower CL, upper CLj® 10.72, 1.23} {1.02,1.75) {1.30, 2.34) {1.76,3.22) {1.82,3.34

3 Wat weight [mg, mean 2 5D) 968+6.73 10431 5.76 161.0+26.12 237.7 £ 29.06 238.6.+ 40.63 252.0+34.97
Blotted weight fmg, mean £ 8D) 928587 §9.3+£4.97 1446+ 2561 2212204 2282+ 38.44 246.9 £ 30.58
bw Ig, mean 1 SD) 2827 £ 1953 27761755 265.21:18.00 756.6+ 14.68 2547+895 250.9+10.80
Absolute ratio 1o 1.56 ' 2.38 2.46 258
bw adjusted ratio 1.08 1.55* 41 247 ‘ 61
{Lower CL, upper CL) {0.89, 1.30) {1.27,1.90} 11.94, 2.98) {1.94, 3.06) {2.08, 3.26)

a ower and upper 95% confidence limits lor ratio of blotted uterine waeights hased on body weights as a covariable, *Level of significance, p < 0.08,

Table 16, Uterine weights, body weights, and ratia of the relative increase in uterine weights for MX in satellite DVX protocal by oral gavage.

Dose 1 Dose 2 Dose 3 Dose 4 Dase 5

Laboratory Measure Vehicle {20 mg/ky/day) {80 mg/kg/day) {120 mg/kg/day) {300 mg/kg/day} {500 mo/xy/day)
12 Wetweight {mg, mean = SD) 101.1 £16.93 Not dane 247.122031 301.8454.21 388621889 Nut done

Blotted weight {mg, mean £ 3D} 95.0£16.43 194.7 £ 33.94 2171 16.75 23182371

bw (g, mean 2 SD) 2955+ 11.09 278.7£1296 27504 11.90 279.0+ 969

Absolute ratio 205 2.28 2,44

bwy adjusted ratio 2.1 2.36* 250

{Lower CL, upper CLJ° 1.7, 260} (1.89, 2.94) (2.03, 3.08)

ALowsr and uppor §5% sonfidence limits for ratio of blotted uterine wiights based on hody weig}ns as 1 cavariable.

1540
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Figuse 3, Ratio of the mean absolute blotted uterine weight in response to doses of MX relative (o the vehi-
cle contrel group. (4] Participating laboratory results for protocol A using immature famale rats, dasing by
oral gavage for 3 consecutive days. {8l Participating labaratory resuits for protocol B using immature
female rats, dosing by sc injection for 3 consecutive days. {€) Participating laboratory resuits for protocal
C using adult OVX rats, dosing by sc injsction for 3 cansecutive days. {0) Participating laboratory rasuits
for protocol C using adult DVX rats and extending sc injection dosing to 7 days. In all cases, animals were
humanely sacrificed 24 hr after the last dose administration, the uteri were removed and trimmed, and wet
and blotted weights wara recorded.

achieved under a variety of different swudy
conditions {e.g., strain, diet, housing prorocol,
bedding, vehicle); modest differences in che
age of the immature animals (pnd 18-20), age
at ovariectomy, and time of regression afeer
ovaricctomy; and a significant range in labora-
tory experience and proficiency (Table 27).
For example, some laboracories have con-
ducted uterorrophic studies for several years,
whereas a number of nthers were conducting
the bioassay for only for the first or second
time, These variations and possible difference
in experience would be expecred o contribure
to some degree of variability for a given proro-
col. In this light, the good reproducibilicy
obscrved suggests that the urerotraphic bioas-
say iwself is robust, This reproducibility is simi-
lav to that obscrved in phase 1 using the
potent reference estrogen EE (Kanno et al.
2001), 1n addition, the urerine increase is
observed even under conditions of severe sys-
temic toxicity, as cvidenced by mortalities and
decreases in body weights sometimes grearer
‘than 10% (Tables 2D, 4D, 5A, and 6A), This
‘easily observed response at doses exceeding the
maximum tolerated dose further supports that
the uterotrophic assay is a robust screen for
detecting possible estrogen agonists,

For all protocols, the blocted urerine
weights appeared to show less intetlaboratory
and incragroup variability than uterine wet
weight. This suggests that the blorced weight
will provide greater power for dececring
utcrotrophic effects than wer weight,

Table 17, Uterine weights, body weights, and ratio of the relative increase in uterine weights for NP in protocol A,

Dose 1 Dose 2 Dose 3 Dose 4 Dose 5§

Labotatory Measure Vehicle (15 mg/kg/day} (75 mo/kg/day) (126 mg/kg/dayl {250 mgfkgiday) (350 mg/ko/day)
4 Wet weight {mg, mean 1 8D} 313103 08+542 50.5+10.54 525572 623 £8.02¢ See note”

Blotted welght {mg, mean +SD) 2931091 28.7 + 4.68 4521598 49.3 589 6032699

bw g, mean £ SD) 42.74 291 388+£7.12 38.7+349 36.3+£5.00 7851155

Abslute ratio® 098 1.54 1.68 2.05

Buy weight Adjusted Ratio® 107 1.68* 191 261

{Lower CL, upper CLIY {0.80, 1.43) {1.26,2.22) {1.40, 2.61) {1.69, 4.04)
7 Wet weight {mg, mean = SO} N4:247 Boxa42 448+736 498424 65.3410.30¢ 9.2 + 8.68°

Blotted weight {mg, mean £ S0} 30.0+2.30 3182434 435+ 7.07 48.1+4.13 62.8+9.44 64.6:8.30

hw g, mesn & SD) 57.8+3.50 56.614.97 543 4,61 55.5 ¢ 4.50 4987212 438457

Absolute ratio 1.08 145 1.60 2.09 ' 2.15

bw adjusted ratio 1.06 1.46* 1.62* 217 237

{Lower CL, upper CLJ {0.87,1.30) (1.19, 1.80) {1.32, 1.96) [1.72, 2.74) 11.71,3.17)
3 Wel weight {my, tnean S} 2972454 36.947.82 4265+530 6021107 58.119.28 60.6 £4.03'

Blotted woight {mg, meen < S0)  29.2:4.48 364 +7.80 420538 8871114 57.6+8.98 60.0£4.22

bw (g, mean + SO} 56.7+2.1 59.012.29 583+316 57.0£3.11 47.1+955 3383483

Absolute 1atio 1.24 1.44 204 1.97 205

hw adjusted ratio 120 142* 2.02* 27 2.61*

{Lower CL, upper Cl) (0.94, 1.54) 1.11,1.81) {1.59,2.58) 11.82, 2.80) {1.61,4.23)
12 Wet weight {mg, mean = SD) 24217248 Not done 505+ 10.39 4504930 66.9 = 20.29¢ Not done

Blotted weight {mg, mean 280} 2061 1.81 46552 9.22 420785 - 62.2£18.95

bw {g, mean + SO} 397+3.10 441149 405344 3991205

Absoiute ratio 2.1 : 19 303

bw sdjusted ratio 1.96° 1.85% 285"

{Lowor CL, upper Cl) 11.45, 2,64} {1.41,2.42) {202,432

Two enimals died in 250 nig NP/ky/day group before necrapsy; all animals died in 350 mg NP/kg/day group belore necrapsy. ®Ratia of arithmetic means of the treated blotted uterine
veights relative to the vehicle control blotted uterine woights, *Rutio of gaometric means of treuted blotted utering weights relative 10 the vehicle contral blotted wigrine welghts after
idfusting for budy weiphts Bt necropsy as a covarisble. “Lower and upper 35% confidance fimits for ratio of blatted ulerine waights based oa body weighls as o covariable. ®One animal

lied in 250 mg NP/kp/day group hefare nucropsy; three animals died in 350 mg NP/kg/dey group before nec
wimals died in 250 mg NP/kg/day group before necropsy. *Level of significince, p < 0.05,
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Neverrheless, the wet weight and bloceed
weights were generally consistent in achiey-
ing stacistical significance. Again, chis out-
come is identical to that of phase 1 using the
potent reference estrogen EE, where the blot-

ted weights were slightly less variable than
the wet weights (Kanoo et al. 2001).
Additionally, the observadon was made thac
wet and blotted weights in the rat vary by
only a few milligrams with borh BE and the

weak agonists employed here, as long as che
relative ratio of the uterine increase is about 2
or less. As che relative ratio exceeds 2, u rapid
increase in the quantity of imbibed incra-
uminal Muid occurs. This was crue wich EE

Tahle 18, Uterine weights, body weights, and ratio of the relative incraasa in uterine weights for NP in protocal B,

Dose 1 Dase 2 Dosc 3 Dose 4 Dose 5
Laboratory Measure Vehicle {5 mg/kg/day) {15 mg/kg/day) {45 iny/kg/day} (80 ma/kg/day) {100 ing/kg/day)
4 Wet weight {img, mean + SO} 3474347 343789 29.7+2.88 372240 64.5+18.51 836:1349
Blotted weight (mg, mean 80} 34.1£3.67 31.3+7.83 28.2+3.76 34.0=4.00 61.5+17.41 512=1323
bw (g, mean £ SO) 456+3.93 45.3+3.80 441+3.88 448273 4444326 440291
Absolute ratio 1.02 ' 0.91 1.10 1.99 1.66
bw adjusted ratio 1.04 0.97 1.16 205 1.72*
{Lower CL, upper CLJ? {0.73, 1.48} {0.68, 1.38) (0.81, 1.85) {1.44,292) {1.21, 2.48)
6 Wet weight [mg, mean 4 SD) 6111524 Not done 52711714 66.7£12.35 795£37.03 Not done
Blatted weight {mg, mean £ SD}  58.0+14.00 50.5+16.83 6241238 755+ 33.32
tw (g, mean + SD) 489:8.15 492+ 1185 50.8 +6.52 AB8+897
Absolute ratio 0.87 1.00 1.30
bw adjusted ratio 0.84 1.03 1.24
{Lower CL, upper CL} {0.62, 1.13) 10.76, 1.40) {0.91, 1.68)
7 Wet waight (ing, mean 1 S0} 30.7+4.18 3224335 37.1£553 3481749 52541323 £8.1+7.65
Biotted waight {mg, mean+80) 2961385 31.04329 358+£5.36 338+7.27 50941273 6.3+ 7.69
bw {g, mean + SO) 57.2+4.01, 57.0+3.13 56.8+4.30 67.4£4.17 57.4£4.20 5704302
Absolute Fatio ) 1.06 1.2 114 1.72 2.4
bw adjusted ratio 1.05 122 AV 1.68% 2.25*
{Lower CL, uppes GL) {0.85, 1.30} {0.99, 1.50) {0.91,1.39 {1.36,2.08) {1.83,2.78)
8 Wet weight {mg, mean = SD) 26.013.06° 2394269 261213 2924159 30972 J88+5.26
’ Blotted weight {mg, mean 2 SD)  242:277 223250 2451183 7752145 35.2+9.30 36.9:4.80
bw (g, mean + SD} 52.9£6.02 520 +4.96 51.0£5.77 51.4£4.34 503+4.84 50.4 + 4.42
Absolute ratio 0.92 1.01 1.14 1.45 152
bw adjusted ratio 0.93 1.02 1.15 1.44* 1.54*
{Lavver CL, upper CL) " {0.74,1.16) (0.82,1.28) (0.92,1.44) {1.15,1.80) {1.23,1.93)
9 Wat weight (mg, mean « SDJ 349+347 37.1+888 38.8+:6.28 18.3+5.79 65.1 £9.37 B28:13.92
Biotied weighl {mg, mean+ S0} 3414367 36.4 +6.67 12632 452+ 5.89 63.91:9.31 805+13.10
bw-{g, mean + 50} 5801227 5B.1+3.84 58.2+ 350 5714185 5832275 5654+ 2.30
Absolute ratio 1.07 1.12 1.33 1.88 236
bw adjusted ratio 1.06 1.1 1.33* 1.86% 238
{Lower CL, upper CL) {0.83,1.34) {0.88, 1.41) {1.05, 1.70) {1.47,2.36) {1.87,3.03)
12 Wat weight {mg, mean + SD) 26.8+6.97 Not done 3241542 33311440 49.118.42 Not done
Blotred weight (mg, mean + SN} 22.4£6.47 2744534 27811541 425594
bw g, mean + SD) 404:3.38 4364247 3714750 A0.2+246
Absolute ratio 1.22 1.24 1.95
v adjusted ratiy 1.05 1.3 202+
{Lower CL, upper CL} {0.76,1.44) 10.95, 1.80} {1.49, 2.75)
15 Wet weight {mg, mean + SD} 332+ 556 313543 335+243 30.3+450 428=877 57041752
Blottod weight {mg, mean+ SD) 287 £ 5.47 270x335 235+ 356 247 £4.08 352+7.76 43821387
bw {g, mean ¢ SD} 4.3+ 3.65 1912249 48.9+250 4731578 48.1+3.89 470259
Absolute ratie 0.94 0.82 .86 1.23 : 153
bw adjusted ralio 0.94 0.82 0.87 1.22 1.62*
{Lower CL, uppor CL} {0.70, 1.26} {061, 1.10) {0.65, 1.17) (0.91, 1.65) {1.13,2.05)
18 Wet weight {mg, mean 1 SD} 250166 2071282 23.1£2.97 821457 524 +5.42 728 16.30
Blotted waight {mg, mean £ SD)  21.3+1.50 19.0£242 19.81 335 2491527 419400 64.4+6.70
bw (g, mean  SD) 521370 544481 56.5% 3.86 512+ 4.23 56.2+3.20 58.1+2.54
Absolute ratio 0.89 0.93 1.17 197 3.02
v adjusted ratio 0.8 0.90 112 1.93* z24a2°
{Lower CL, upper CL) {0.71, 1.08) {0.72,1.12} 10,89, 1.40} {1.56, 2.39) 12.32,3.69)
20 Wet weight {mg, mean 1 SD) 57.7£13.08 4194 20.16 43.8+8.70 453+ 10.93 49.4+1265 505+ 10.88
Blotied waight (mg, mean £50)  54.3+11.77 37.1:888 3372791 KINERING) 11341096 39.0 100
bw {g, mean £ S0) 50.7:4.01 51.8+3.00 50.1+3.12 522509 51.2+3.18 50.4+1.95
Ahsoluts ratio 068 0.62 0.69 0.76 g.12
bw adjusted ratio (.68 0.52* 0.68 0.75 on
{Lower CL, upper CL) {0.46, 1.00345)¢ 10.42,0.91) {0.46, 1.0t} (0.51, 111} (0.44, 1.05)
YA Wel weight img, mean £ S0} 58.0+7.04 8481777 7hA4+15.28 83.2+11.67 #2.9:1524 783+ 2080
Biotted weight {mg, mean = S0} 47.3 8.4/ 66.6+15.54 64.2 » 16.29 66.2£10.19 76.2 11877 60.0+15.00
bw {g, mean = SO} -t - ] i _t o
Absalute ratia 1.3g% 1.3 1.44* 1.58%¢ 125
hw adjusted ratio —d —4 - - -
{Lower CL, upper CL) — —1 —7 ~ =

"Lower u-nd upper 95% confidence limits for ratio of blotted uter
group was statistically significent, “With the upper 95% confide

ine weights based on body weights as a covariable. Mhe rocorded decreasa in uterine weights from the control vehicle
nee limit not < 1.0, the result is not statistically significant, dTerminal hody weights were not recorded by the laberatary.

#The blotied uterine weights wore analyzed without body waight adjustinerits and were found to be slabistically significant. *Levet of significance, p < 0.05.
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in both phases | and 2 and, in most cases,
with the weak agonists in phase 2 (data not
shown). Combining the observations of
lower variability and the intermiceent limited
increase in uterine weights with weak

estrogen agonists, the blotred weight appears
to be the metric of chaoice,

Despite the excellent overall agreement
among laboratories within protocols, there
wis some variability concerning the acrual

closes ar which stacistical significance was first
achiceved. This varfability in the dose first
achicving statistical significance was greavest
for BPA in prococols A and B, Here, the dosc
range was abour 3-fold for protocel A

Table 19, Uterine weights, hody weights, and ratio of the relative increase in uterine waights for NP in protocal C.

Dlose 1 Dose 2 . Dosa 3 Dose 4 Dose 5

Laboratory Measure Vehicle {6 mg/kg/day) (15 my/ky/day) {35 mg/kg/day) {80 mg/kg/day) (100 my/ky/day)

6 Wet weight fmg, mean + SD) 116,51 19.84 Not done 1236+ 1860 130.8£0.90 136.7 13398 Not done
Blored weight [mg, mean+ SO} 110.7 +19.60 1125+ 16.77 12381221 131.2£33.18
bw (g, mean £ 8D} 299.6 £ 29.76 30031775 297.2 1+ 1412 3026 +22.87
Absolute ratio 1.02 1.12 119
bw adjusted ratio 1.02 1.14 1.16
{Lower CL, upper CL)? {0.79, 1.30) {0.89, 1.46} {0.90, 1.48)

7 Wet weight (mg, mean = SD) 75.7 £ 6.68 92.0£12.94 84421162 96.5+9.82 1245 £20.06 11552 22.27
Blotted weight mg, mean+SD)  73.9=6.58 89.9112.43 83.0x11.56 942+ 967 122.0 + 1856 113522129
bw iy, meanz SD) - 2515z 10.11 2524 £ 10.26 251.0 + 15.54 2530+ 11.48 2629 +8.20 2499+ 10.75
Absolute ratio 122 112 1.27 1.65 1.54
bw adjusted ratio 1.21 112 1.2 1.64* 1.52*

{Lower CL, upper CL} {0.97, 1.50) {0.90, 1.39} {1.02,1.58) 11.32, 2.03) {1.22,1.89)

8 Wet weight Img, mean 1 SD) 86.1+9.20 84.7 £10.07 84.8+8.03 99.5 + 12,82 100.1£7.13 1222155
Blotted weight {mg, mean+ SD)  82.2+8.69 80.0+9.81 81.2:820 94.7 +12.02 96,5+ 7.50 117.04 1452
hw {g. mean + SD) Z46.7 £ 21.81 291.2 +17.60 2852 £18.64 289.3+172.79 290821308 287811555
Absolute ratio : : 0.97 0.99 1.15 147 1.42.
bw adjusted ratio 0.97 098 115 1.7 1.42*

{Lower CL, upper Ci) {0.81,1.15) {0.83,1.17) (0.96, 1.36) {0.98, 1.39} {1.19,1.67)
8 Wet weight (mg, mean + S0} 87.2+11.74- A8.3£6.17 B9.0£14.35 94.5+ 20,04 10691418 1400+ 22.49
- Blotted weight {mg, mean + SN} 86.3211.88 85.6+ 4.91 82511447 9341985 1058 +13.74 137.7£21.83
bw (g, mean £ SD} 256.1: 887 2553 +8.93 260.1+9.95 2540+ 1130 256121148 25441233
Absolute ratio 0.99 im 1.08 122 1.60
bw adjusted ratin 100 0.99 1.08 1.3 1.61*
{Lowar CL, upper CL) {0.81, 1.24) {0.80,1.23) {0.88, 1.24) {0.99, 1.52} {1.30, 1.97)

12 Wet weight {img, mean £ SD) 106.0+18.84 Not done 117.6+1815 118.1 £ 12.78 146.7 £ 26.86 Not done
Blotted weight [mg, mean+ SD}  98.6£22.04 106.3+17.70 105.1 £ 15.22 1298 +20.50
bw {g, mean = 3D) 297.2 + 14.54 01421513 2991 £ 16.72 297.1£16.18
Absaluts ratip 1.07 107 1.31
bw adjusted ratio 1.09 1.08 1.33°
{Lower CL, upper CL} {0.83, 1.41) {0.83, 1.41) (1.02,173)

"Lower and upper 95% confidance limits for ratio of hintted uterine weights bused on body weights as a covariable. *Level of siguilivance, p < 0.05.

Table 20. Urerine weights, hody weights, and ratio of the relative increase in uterine weights for NP in protocol D.

. Dose 1 Dose 2 Dose 3 Dose 4 Dose 5
Laboratory Measure Vehicle {5 mg/kg/day) {15 mg/kg/day} {35 mg/kg/day) (80 mg/kg/day) {100 mg/kg/day)
7 Weat weight (img, mean 2 SD) 8151275 8491993 881453 1068+ 11.92 171.8£17.90 158.9 1 29.05

Blotted weight [mg, mean+ 8D} 836 13.41 83.0+998 85.7 +4.94 1047 £12.12 166.9£17.97 154.4 +29.48
bw g, mean x SD) 2728+ 14.89 273.1£15.08 2689+ 1251 26781172 2666+ 11.47 261311527
Absofule ratio 1.02 1.05 1.29 205 1.90

bw adjusted ratio 1.02 108 1.31* 21 1.96*

{Loweer CL, upper CLY? (0.84,1.24) {0.88, 1.31) {1.08, 1.80} {1.73,2.58) {1.66, 2.40)

9 Wet weight {mg, mean = 8D} 76.8 459 80.4£0.84 88.0 £10.30 106.3116.24 140.2 = 14.09 160.6 £ 1876
Blotted weight (mg, mean £ 8D) 7592497 79.5+10.04 87.3£10.09 105.4+16.29 138041358 158.0 £ 17.42
bw {g, mean  SDJ 282.1 £ 1240 26231446 218911394 2749+1389 271.6+18.50 M.2£1252
Absolute ratio 1.05 115 1.39 183 2.08
bw adjusted ratio 1.04 115 1.38* 1.03* 2.08*

{Lower CL, upper CL} {0.87, 1.26} 10.95, 1.38} {1.14, 1.66) {1.51,2.21) 117,251

TLawer and upper 85% confidence limits for ratio of blotted uterine weights based on baty welghts as a covariable. *Level of significance p < 0.05.

Tahle 21. Uterine woights, body weights, and ratio of the relative increasa in uterine welghts for NP in satellite VX protocol by oral gavage.

Dose 1 Dose 2 Dose 3 Dose 4 Dose 5

Laboratary Measure Vehicle 115 mg/kg/day) {75 mg/kg/day) {125 my/ky/day) {250 mg/kg/day) {350 mg/kg/day)

12 Wet weight {mg, mean + SD} 101.1£16.93 Not dane 16352457 1790+ 30.90 179.2 £ 1550 Not done
Blotted weight g, mean+ S0} 95.0+16.43 1538+ 23.74 168.7 £ 28.77 168.9+ 16.16
b [gr, mean £ SD) 29551 11.09 7845+ 10.86 28371393 2804+ 11.60
Absolute ratio , 1.62 .1 1.78
by adjusted ratio 1.60% 1.74* 1.76%

{Lower CL, upper CL? ) {1.23, 2.09) (1.34, 2.27} {1.34,2.32)

"Lowag and upper 95% confidence hmits for ratio of blofted uterine woights bused on bady weights as a covariable. "Level of significance, p < 0.05,
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(375-1,000 mg BPA/kg/day) and 60-fuld for
pratocal B (10-600 mg BPA/kg/day),
whereas protocols C and D first achieved

The doses at which the weak estrogen
agonists firse reach statistical significance were
far in cxcess of those determined for the

potent reference estrogen EE in phase 1. By
oral gavage (protocal A), 16 abaratories

statistical significance at the dose of 100 mg
BPAZkg/day in all studies,

4

2 Laba

(4] [& s ! 18] STim )
= =118 Lah7 _— = a|— Lobb Lsbis]
-2 DCR & hs | - B Son - lub? -9~ tab 0
B0l e tmn].” §=3 A s @ Lahan]
‘”é T @8 [ il @ tbg C-labl
= -2 ! T —
€8, - £8, Fa
gg 1
52 s 8
g~ - 87
R g §
- i o :' s
o lse . - - B S " - Dot v
6 50 10 180 200 50 A0 30 400 0 0 0 &0 80 w1
Dose {mg/ky/day) Dose {mg/lg/day)
4 e 3 .
- labg | - - -@- Lub? e
s ® Lah7 | ¢ =4 -8 Labg] T
‘B__3 & Leby B3 sk
- g’_‘ N -
55 |-@ tang |7 iE
5 E, . Lab12]. -gg
2% £3°
"8g BE | |
8 -]
g ! g 1 -—
& o il
oL .. ~ - 3 . o W - R L .
0 bl ] 80 ) e 120 ) 2 4 5o o 0 120
Dose (mgfkg/day) Dnse {(mg/kg/day)

Figure 4, Ralio of the mean absalute hlotted uterine weight in responss 1o doses of NP relative to the vohi-
cle control group. {A) Participating laboratory results for protacol A using immature female rats, dosing by
oral gavage for 3 consecutive days. (B} Participating laboratory results for protocel B using immature
feale rats, dosing by sc injection for 3 consecutive days. {£} Participating laboratory rosuits for protocol
C using adult OVX rats, dosing by sc injection for 3 consecutive days. (D) Participating laboratory results
for prolacal € using adult OVX rats and extending sc injection dosing to 7 days. In all cases, animals'were
humansly sacrificed 24 hr after the last dose administration, the uteri were removed and trimmed, and wet
and hlotted weights were recarded,

achieved stacistical significance in phase | at
cicher 0.3 or | g LE/kg/day (Kanno et al,
2001). By conrrast in phase 2, doses of the
weale rgonists ranged fram 1,000- w 10,000-
fold higher as estimated for MX and shown
for GN, respectively, to over 300,000-fold
higher for BPA. Similar disparities are
observed with sc injection, as sratistical signif-
jcance with EE was achieved at 0.1 or 0.3 pg
LLifkg/day in phase 1 (Kanno et al, 2001) and
from 5 to 200 mglkg/day with the weak
agounists in phasc 2, including with extended
dosing in protacol D.

As expected for weak estrogen agonists,
the maximum increase in the utcrine weights
was also generally less than that observed for
EE in phasc 1 of the validadion program. The
maximum relative ratio responses of EE-
treated were 4 to 5 in protocol A, 4.5 w0 6 in
protocol B, 3.25 to 5 in protocol C, and
approximately 4 in protocol D (Kanno et al.
2003). The maximum uterine weighes
reached by the weak estrogen agonists in these
phase 2 studies were route, protocol, and test
substance dependent, as is apparent by com-
pating the data in Figures 1-5.

Differences were found between the routes
of administration in study responsiveness, i.¢.,
the dose producing the first stacistically signifi-
cant increase in urerine weight, from test sub-
stance to test substance, Although many
parties might choose to use the term “sensitiv-
ity” racher than “responsiveness,” validation
experts have used the rerm sensitivity for a
measure of assay performance: che proportion
of all positive chemicals that are correcily

Tabla 22, Uterine welghts, body weights, and ratio of the relative increase in uterine weights for 0,0"-D0T in protacol A,

Dose 1 Daose 2- Dose 3 Doss 4 Dose 5

Laboratory Mensure Vehicle {10 mg/kg/day) {50 mg/kg/day} (126 mg/kg/day) {300 mg/kg/day) {600 mg/ky/day}

3 Wat weight {mg, mean  SO) 3464393 446+7.09 64.4 490 81.3:12.80- 101.6£11.55 229.6 £ 85.83°
Blotted weight (mg, mean+ SO1 326423 4251703 62.0+506 78311246 97.3x11.28 104.1 £ 13.22
bw (g, mean = SD} 63.24:3.07 62.7+£221 627177 606296 543956 3612269
Absolute ratio? 1.07 157 1.98 248 263
bw adjusted ratio® 1.08 1.60* 2.04* 2.67* 3.30¢
{tower CL, upper CL)* (0.84, 1.40) {1.24,2.05) {1.58, 2.63) {1.99, 3.59) {1.80, 6.04)

§ Wel weight (g, moan = SU) 4552768 5431172 673261 8731705 123.4 + 40.55° 181.2£ 9.0
Blotted weight {mg, mean £ SD)  43.3+7.91 525+ 11.61 65.1£543 034£1578 100.3 £ 20.64 1237+ 2157
bw g, mean + SO} 58.6:507 f0.5:2.19 58.2:438 55.0+8.53 443£11.26 350£1.27
Absolute ratio 1.21 150 183 232 286
bw adjusted ratio 1.19 153" 201* 2. 37
{Lower CL, upper CL} {0.91, 1.54) {1.18, 1.48) {1.54, 2.63) {1.92,2.24) {2.24,8.18) ,

1" Wetl weight (mg, mean £ SD) 7954435 342371 63.7+ 555 67.9:4.38 103.8+ 31.01 2103 £ 127.63
Blotied weight [mg, mean+SD} 2631375 3132347 58.7+5.24 542+4.720 87.0+390 9524573
bw {g, mean + SD) 386439 4061240 132401 374£257 335:356 283:230
Absolute ratio : 1.24 232 2.54 344 376
bw adjusted ratio 1.21% 2.25* 260 3.43% 433*

{Lower CL, upper CL} {104, 11} (1.94, 2.63) {(2.24,3.01) 12.98,3.98} {3.35, 5.59)

12 Wet weight (mg, mean = 30 242248 Not rone 614:924 74.0£14.28 129.2 + 58.426 Not done
Blotted weight {ing, mean = S0} 206+ 1.8 546+903 67.5=14.06 67.4116.63
tw (g, mean = SD) 39.72 3.0 405+ 254 4132585 33.0:8.16
Absoluie ratio 266 328 328
bw adjusted ratio 261* ALY 3.45%

. {Lowver €L, upper CL} {2.01, 3.40) [2.43, 415} (2.41,4.98)

Fgur animals died In 860 mg DDT/kg/day group before necropsy.

bRgiio of arithmetic means of the treatad blotted uterine waights ralative to the vehicle control blotiad uterine weights.

“Ratio of geomatric means of trautad biottad uterina weights refative to the vehicle cantrol blotted uterine wuights after adjusting for hody weights at necropsy s a covariabla. fLower

and upper 95% confidence limits fur ratic of blotted uterine weights based on hody weights as a

covariablo, "One animal died in 300 mg DDT/kg/day group before necropsy; faur animals

died in 500 mg DDT/kg/d group before necrapsy. Threa animals died in 600 mg DDT/kg/day group belore negropsy. Throe animals died in 300 mg DOT/ky/day graup hefore necrapsy.

*Level of significance, p < 0.U5.
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Table 23. Uterina weights, bady weights, and ratio of the relative increase in uterine welghts for o,0-DDT in prutocol B,

Dosa 1 Dose 2 Dosa 3 Duse 4 Dose §
Lahoratory Measure Vehicle {5 mg/ka/day) {25 mg/ka/day) {50 mgskg/day) 1100 mgskg/day) {200 my/kg/day)
K| Wal weight {mg, mean x 5D) 342349 3502374 408+£7.04 402:2.19 0.01362 51.3:8.10
Blotted weight (mg, mean £SD)  31.5:3.67 33.2£333 390£6.85 364182 37.8+349 495 17,97
bw (g, mean + SO} 654313 66.1:432 14,3 £3.60 65.2+4.67 64.6+1.70 6501297
Absolua raliv 1.05 1.24 1.22 120 1.57
bw adjusted ratio 0.88 103 1.02 1.0 1.31%
{1 owes CL, upper CLJ {0.72,1.08) {085, 1.26} {0.84, 1.25) {0.83, 1.23} (1.07, 1.59)
5 Wet weight Img, mean + S0} 33.011051 442 £9.83 41541556 37.7+894 443+977 534 +8.45
: Blutted weight {mg, mean 2 30)  38.1£10.07 05934 38.1£14.74 33.7+8068 3951887 485889
bw ig, mean £ S0} 575+ 5.69 573+4.97 56.7 1527 56.5+4.682 55.9+6.36 56.7+454 .
Absolute ratio 1.12 1.06 043 1.09 134
bw adjusted ralio 1.15 1.06 0.97 118 14"
{Lower CL, upper CL) {0.88, 1.49) {0.82, 1.38) {0.75, 1.27} {0.81, 1.54) {1.09, 1.84)
i1 Wet waight {ing, mean 1 SD) 211415 275355 06484 211209 284£282 35.8+8.34
Blotted weight (mg, mean +SD) 236+ 3.87 24733 257 £3.47 28.1+218 2611279 329£17.99
bwe (g, mean + SO} 3|exAN 383+334 . 40.0 +3.87 38132 383350 303395
Absoluta ratin 1.05 1.09 1.02 1.06 139
bw adjusted ratio 1.66 1.6 1.04 1.08 1.36*
{Lower CL, upper CL) {0.85, 1.31} {0.86,1.32}° 10.84, 1.29} {0.87, 1.34} 11.10, 1.68)
12 Wer waight {mg, mean = SO} 2684897 Not done 30.8+10.00 372+6.82 376+ 1086 Not done
Blotted weight {mg, mean £ SD) 2241547 263916 3184626 339£1048
bw {y, mean £ SD) 4041338 37.6+6.10 4271354 410+ 5.0
Absolute ratia 1.7 1.42 1.51
bw adjusted ratio 1.3 1.30 1.47°
{Lower CL, upper CL) {0.997" 1786} £0.98,1.72) {1.11,1.94)

2 ower and uppet 95% conlidonce limits for ratio of blotted uterine weights basod un body weights as a covariable. "With the lowsr 95% confidence limit not » 1.0, the result is not con-
sidered stetistically significant *Lavel of significance, p < 0.05.

Table 24. Uterine weights, body weights, and ratio of the relative increase in uterine weights for o,5"-DDT in protocol C.

Dose 1 Dose 2 Dose 3 Dose 4 Dose 5

Laharaloty Mgasure Vehicl {5 mo/ko/day) {Zamg/ko/day) - (50mg/kg/day) (100 mgrkg/day) (200 mg/kg/day)
3 Wat weight {mg, mean % SD) 908 +837 101.2+£10.13 105.0 2 6.55 116.6+ 5.31 126.7 £ 10.92 17093758

Blotted weight (mg, mean + S0} 85.5: 857 96.6£9.04 996+ 643 11112486 12221032 169.6 2 21.57

bw (g, mean + SO) 268.9 = 850 267.3+7580 266.8 = 14.01 266.512.36 264.3+10.76 " 256.8 £ 17.51

Absolute ratio 112 115 1.28 141 1.84

bw adjusted ratio 113 117 . 1.30* 1.43* 1 86"

{Lower CL, uppar CL® {n.96, 1.33) {0.9899% 1.37) {1.11, 1.53} {1.21,1.89) 1.55, 2.21)
1" Wel weight (mg, mean £ D) 88.8£6.80 872472 985+ 8,16 10491279 1036 28.85 1 1211841

Blotted weight {mg, mean £+ S0 78.5+R.38 7582710 80.5.47.63 97.1x12.07 99.6 %2859 1034 1 15.93

bw {g, mean % SD} 217.0 £ 555 2162856 217.8+8.86 2144+ 970 21462922 212.7+6.96

Absolute ratio 0.97 1.15 1.24 1.27 1.32

bw adjusted ratio 0.97 1.15 1.25 125 1.34*

{Lower CL, upper CL} {0.76, 1.23} {0.90, 1.46} {0.98, 1.59} (0.98, 1.59) {1.08,1.71)
12 Wot weight (img, mean + SD} 106.0 = 18.84 Not done 11822224 116.6+13.98 136.6 £ 37.63 Not done

Blatled weight (mg, mean'+ SD)  98.6+22.04 104.1£2063 107.9+16.45 128.3+36.21

bw (g, mean £ SD) 29721454 3001 +21.01 294.3+2278 301.3+£15.35

Absolute ratio 1.08 1.09 1.30

bw adjusted ratio 1.07 . 1.10 1.3

{Lower CL, upper CL) 10.79, 1.45) {0.81, 1.49) {0.96, 1.78) .

“Lower ond upper 95% confidence limits for rutio of blotted uterine wmghts based on body weights as a cavariably. SWith the lower 85% confidence limit not > 1.0, the result is not con-
sidered statistically significant, *Leve! of significance, p < 0.05.

Tahle 25. Uterine weights, body weights, and ratio of the relative increase in uterine weights for 0,p~DDT in protocol D.

Dose 1 Dose 2 Duse 3 Dose 4 Dose §
Lahoratory Moasure Vehicle {5 mg/kg/day) (25 mg/ky/day) {50 mg/kg/day) {100 mg/kg/day) (200 mg/ka/day)
3 Wet weight {ing, mean 2 SD} 89.9+4.86 91.4£10.00 98.0+11.77 104.2+56.70 11341935 147.7 £13.13
Blened weight{mg, mean + SD}  86.31 4.86 B7.5 + 8.40 538+ 10.54 100.8+5.21 109.7 +9.24 14251225
bw {g. mean + SDj 290.6 = 18.95 269.04 11.66 29131844 282511098 2826:6.80 27381448
Absslute ratio 1.01 1.09 117 1.27 1.85
bw adjusted ratio 0.4 1.01 1.09 1.18* 1.54%
(Lower CL, upper CLJ# (0.82, 1.08) (0.88,1.18} (0.95, 1.25) {1.03, 1.36) {1.34,1.78)
1 Wat weight {ty, mean + $0) 84.92 1440 805+7.12 H3.6+898 102027.79 104.8:+ 554 1250+ 35.69
Blotted weight {mg, mean=50)  71.5£14.84 73.8+6.44 76.7+8.14 93.91 643 98.8+ 591 117623348
bw {g, mean £ S0} 235.01.8.47 - 23381189 235321218 2329+12.09 2241 £9580 221811109
Absulute ratio . 1.03 107 1.31 1.38 1.64
bw adjusied 1atio 1.05 1.08 1.34* 1.48? 1737
{Lawer C, upper CL} {0.84, 1.32) {0.87, 1.35} {1.07, 1.68) {1.17.1.87} {1.36,2.20)

“Lower and upper 95% confidunce limits for ratin of bistted uterine weighfs hased on budy waights as a covariablu. *Laval of significance, p < 0.05.
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