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Executive Summary

Purpose and Background

At the request of the U.S. Environmental Protection Agency (EPA), the National Toxicology
Program (NTP)/National Institute of Environmental Health Sciences (NIEHS) organized and
conducted an independent and open peer review aimed at evaluating the scientific evidence on
reported low-dose effects and dose-response relationships for endocrine disrupting chemicals in
mammalian species that pertain to assessments of effects on human health. The peer review took
place in Research Triangle Park, North Carolina, on October 10-12, 2000. The members of the peer
review organizing committee are listed in Table 1.

The purpose of this meeting was to establish a sound scientific foundation upon which the U.S. EPA
could determine what aspects, if any, of its standard guidelines for reproductive and developmental
toxicity testing need to be modified to detect and characterize low-dose effects of endocrine
disruptors. Results from this review may also influence how other national and international agencies
select doses, endpoints, animal models, and testing regimens for reproductive and developmental
studies of endocrine active agents. In particular, the NTP is interested in evaluating the scientific
underpinnings of dose-response relationships for reproductive toxicants. For this peer review, "low-
dose effects" referred to biological changes that occur in the range of human exposures or at doses
that are lower than those typically used in the EPA's standard testing paradigm for evaluating
reproductive and developmental toxicity. The U.S. EPA’s current recommended methods are
described in the document “Health Effects Test Guidelines OPPTS 870.3800 Reproduction and
Fertility Effects” (EPA 712-C-98-208, August 1998). The focus of this review was on “biological
change” rather than on “adverse effect” because, in many cases, the long-term health consequences of
altered endocrine function during development have not been fully characterized.

The peer review panel (the Panel) included individuals from academia, government, and industry
with expertise in receptor/molecular biology, experimental and clinical endocrinology, reproductive
and developmental toxicology, statistics, and mathematical modeling. The Panel was divided into
five subpanels: Bisphenol A, Other Environmental Estrogens and Estradiol, Androgens and
Antiandrogens, Biological Factors and Study Design, and Statistics and Dose-Response Modeling.
Table 2 identifies the members of each subpanel.

This peer review used a unique and novel approach to resolve a controversial but very important
environmental health issue. Fifteen principal investigators of primary research groups active in this
field were asked to provide their individual animal data on selected parameters for independent
statistical re-analysis by the Statistics Subpanel prior to the meeting. The Organizing Committee
requested the raw data on specific parameters in 59 different studies. The selected studies are listed
by principal investigator in Table 3 and the requested parameters from each study are given in Table
4. Data were willingly submitted from 49 of the 59 selected studies. In general, the primary reasons
that certain requested data sets were not provided was that the data were not available in an electronic
format as specified by the Statistics Subpanel or the raw data were in the possession of collaborators
and could not be provided in the requested time frame. Studies for which requested data sets were not
submitted by principal investigators for independent review by the Statistics Subpanel were used as
background information by the Panel. In addition to submitting their raw data, principal investigators



were asked to provide for each study responses to a list of 23 questions (Table 5) on issues relevant to
the evaluation of endocrine low-dose studies; these questions addressed animal source and
specification, animal husbandry, chemical characterization, administration of test agent, treatment of
controls, evaluation of endpoints, and methods of data analysis. Investigators from these research
groups were also available at the meeting to give formal presentations of their findings and to have
informal discussions with individual subpanels. Because of the extreme rigor of this evaluation
process and the extensive analyses of raw data performed by the Statistics Subpanel, unpublished
studies were also included in this peer review.

The selected studies included treatments with bisphenol A, diethylstilbestrol, ethinyl estradiol,
nonylphenol, octylphenol, genistein, methoxychlor, 17b—estradiol, and vinclozolin, or effects of diet
or intrauterine position. Exposure periods included in utero, neonatal, pubertal, adult, in utero
through neonatal, in utero through puberty, and in utero through adult. Requested parameters
included organ weights (prostate, testis, epididymis, seminal vesicle, preputial gland, uterus, and
ovary), perinatal measures (e.g., anogenital distance), pubertal measures (e.g., age at vaginal opening,
first estrus, preputial separation, and testis descent), and other relevant factors (e.g., daily sperm
production, sperm count, serum hormone levels, lymphocyte proliferation in response to anti-CD3,
histopathology, estrous cyclicity, receptor binding, estrogen receptor levels, gene expression, and
volume of sexually dimorphic nuclei of the preoptic area of the hypothalamus). To conduct this
evaluation within a reasonable time frame, the focus of this review was on reproductive and
developmental effects. The extensive literature on dioxin and dioxin-like compounds was excluded
because EPA was finalizing its extensive and rigorous reevaluation of dioxin risk. Phthalate esters
were also excluded because separate evaluations on these compounds were being conducted by the
NTP Center for the Evaluation of Risks to Human Reproduction. A future workshop may focus on
low-dose effects of dioxin-like compounds.

The Statistics Subpanel analyzed the raw data from 39 of the 49 submitted studies over a 6-week
period and provided results from these analyses to the other subpanels prior to the peer review
meeting. These analyses provide greater insight on the experimental data than is typically apparent in
most peer-reviewed research articles, consequently, the statisticians’ report was critical for each of
the subpanel reviews. The Dose-Response Modeling group provided theoretical dose-response
models based on mechanisms of receptor-mediated processes, as well as empirical dose-response
models of endocrine-related effects prior to the meeting. Several important statistical issues were
identified by the subpanel and are addressed in their report; these include study sensitivity (power),
adjustment for litter effects, pooling of control groups, exclusion of statistical outliers, accounting for
body weight differences on organ weight effects, appropriateness of the selected statistical
methodology, and data heterogeneity across dose groups. All of these matters, plus experimental
design and conduct issues, were taken into consideration by each of the subpanels in their evaluations
of the individual studies during the peer review. The statisticians and modelers participated in the
other subpanel reviews to ensure that their analyses and models were appropriately used by the
subpanels.

The Panel evaluated data from the major, selected studies that support the presence or absence of
low-dose effects in laboratory animals and that would be relevant for human health assessments.
Low-dose effects analyzed by the Panel should be considered as effects occurring at NOELS (no-
observed-effect levels) since this review did not distinguish adverse versus non-adverse effects.



However, the Panel did compare, when appropriate, its analyses to existing NOAELSs (no-observed-
adverse-effect levels) or LOAELS (lowest-observed-adverse-effect levels) reported by EPA or others.
The Panel was also asked to consider biological and mechanistic data that might influence the
plausibility of low-dose effects and to identify study design issues or other biological factors that
might account for differences in study outcomes. Conclusions from the Panel on the existence of low-
dose effects and the shape of the dose-response curve for endocrine active substances in the low-dose
region were based on the totality of available knowledge. The specific questions and issues
formulated by the Organizing Committee for the subpanels to address in this peer review are given in
Table 6.

This unique scientific peer review provided an extraordinarily rigorous, open, transparent, and
objective evaluation of the scientific evidence showing the presence or absence of low-dose effects of
endocrine disrupting agents and an opportunity for participation by all stakeholders. The subpanels’
independently prepared reports follow the Executive Summary. Highlights of the subpanels’ findings
are given below.

Peer Review Subpanel Findings
Bisphenol A

Based on EPA’s estimate that the lowest-observed-adverse-effect level (LOAEL) for oral exposure to
bisphenol A in rats is 50 mg/kg/day, the Subpanel used 5 mg/kg/day as a cutoff dose for low-dose
effects, regardless of the route or duration of exposure or the age/life stage at which exposure
occurred.

D Several studies provide credible evidence for low-dose effects of bisphenol A; these include
increased prostate weight in male mice at six months of age and advanced puberty in female mice
after in utero exposure to 2 or 20 pg/kg/day, and low-dose effects on uterine growth and serum
prolactin levels that occurred in F344 rats but not in Sprague-Dawley rats exposed to 0.5
mg/kg/day. The latter findings demonstrate a clear difference in sensitivity to the estrogenic effects
of bisphenol A in these two strains of rats.

D Several large studies in rats and mice, including multigenerational studies in Sprague-Dawley rats,
found no evidence for a low-dose effect of bisphenol A despite the considerable strength and
statistical power those studies represent.

D For those studies that included DES exposure groups, those that showed an effect with bisphenol A
showed a similar low-dose effect with DES (e.g., prostate and uterus enlargement in mice), while
those that showed no effect with bisphenol A also found no effect with DES.

D Discrepancies in experimental outcome among studies showing positive and negative effects of
bisphenol A may have been due to different diets with differing background levels of
phytoestrogens, differences in strains of animals that were used, differences in dosing regimen, and
differences in housing of animals (singly versus group). Although some studies attempted to
replicate previous findings, body weights and prostate weights of controls differed between these
studies. Studies also differed in the extent of analysis of dosing solutions.



D The Subpanel concluded that “there is credible evidence that low doses of BPA [bisphenol A] can
cause effects on specific endpoints. However, due to the inability of other credible studies in several
different laboratories to observe low dose effects of BPA, and the consistency of these negative
studies, the Subpanel is not persuaded that a low dose effect of BPA has been conclusively
established as a general or reproducible finding.”

D Data are insufficient to establish the shape of the dose-response curve for bisphenol A in the low
dose region, and the mechanism and biological relevance of reported low dose effects are unclear.

D The Subpanel identified areas for additional research that would clarify uncertainties about low-
dose effects of bisphenol A, these include:

1) additional low-dose studies, including the development and use of sensitive and easily
measured molecular endpoints, following in utero or early neonatal exposure to conclusively
establish low-dose effects of bisphenol A as a general, reproducible phenomenon;

2) pharmacokinetic data in multiple species and strains of animals to characterize fetal uptake,
metabolism, and elimination of bisphenol A and its metabolites;

3) mechanistic data on estrogen receptor occupancy during critical periods of development, effects
of specific receptor antagonists, and responses in estrogen-receptor knock-out mice;

4) additional studies on intrauterine position effects;

5) characterization of genetic and epigenetic factors that affect responses to bisphenol A and
hormones in general, e.g., factors that lead to strain and species differences in sensitivity;

6) mechanistic studies on the effects of bisphenol A on regulation of transcriptional activity, from
gestation through adulthood.

Other Environmental Estrogens and Estradiol

The subpanel developed an operational definition for “low-dose effects” that was based on the dose-
response data for the selected endpoints for each agent under evaluation. Low-dose effects were
considered to be occurring when a nonmonotonic dose-response resulted in significant effects below
the presumed NOEL expected by the traditional testing paradigm.

D Low-dose effects were clearly demonstrated for estradiol and several other estrogenic compounds.
The shape of the dose-response curves for effects of estrogenic compounds varies with the endpoint
and the dosing regimen. Theoretical models based on mechanisms of receptor-mediated processes,
as well as empirical models of endocrine-related effects, produced dose-response shapes that were
either low-dose linear, or threshold-appearing, or non-monotonic (e.g., U-shaped or inverted U-
shaped). Low-dose effects of the estrogenic agents evaluated by the Subpanel include the
following:

D Estradiol (ovarian steroid with greatest estrogenic activity) - Low-dose effects include changes in
serum prolactin, LH, and FSH in ovariectomized rats at a dose of approximately 3 ng/kg/day.

D Diethylstilbestrol (DES, a non-steroidal synthetic estrogen that had been used to prevent
spontaneous abortions and to enhance cattle weight gain) - DES is a transplacental carcinogen in



humans. There is clear evidence of a low-dose effect on prostate size by DES (at 0.02 ng/kg) in
mice.

D Genistein (isoflavone derived from soy) - Low dose effects were observed in F1 offspring following
dietary exposure to 25 ppm, these include a decrease in the volume of sexually dimorphic nuclei of
the preoptic area (SDN-POA) of the hypothalamus in male rats (approaching female-like volumes),
changes in mammary gland tissue in male rats, and an increase in proliferation of splenic T-
lymphocytes stimulated with anti-CD3.

D Methoxychlor (insecticide) - Classic estrogenic activity occurs in F1 rats following in utero and
perinatal exposure to 5 mg/kg/day or higher doses. Low-dose immune system effects occur in F1
offspring following dietary exposure to 10 ppm methoxychlor (approximately equal to 1
mg/kg/day).

D Nonylphenol (industrial compound identified in drinking water supplies) — Low-dose effects in F1
rats following dietary exposure to 25 ppm include a decrease in SDN-POA in males, an increase in
relative thymus weight, an increase in proliferation of splenic T-lymphocytes stimulated with anti-
CD3, and a prolonged estrus in females.

D Octylphenol (an intermediate for the production of surfactants) - There was no evidence of low-
dose effects in a five-dose multigeneration study in rats.

D Areas of future research include:
1) multiple dose studies and modeling of dose-response relationships,
2) need for replication of low-dose findings in other studies or in other laboratories,
3) determination of the toxicological significance of volume changes in SDN-POA in male rats
and the relationship between estrogenic activity and stimulation of lymphocyte proliferation.

Androgens and Antiandrogens

The Subpanel’s review focused on low-dose effects of vinclozolin, a fungicide that is an androgen
receptor antagonist. NOAELSs for vinclozolin were established from studies in rats; these levels are 6
mg/kg/day for acute dietary exposure and 1.2 mg/kg/day from chronic dietary exposure. No studies
have been conducted on vinclozolin at doses below its NOAEL.

D Exposure of pregnant rats to vinclozolin at six doses ranging from 3.125 to 100 mg/kg/day results
in reduced anogenital distance (female-like), increased incidence of areolas, and permanently
reduced ventral prostate weight in male offspring. For these effects, the dose-response curves
appeared linear to the lowest dose tested. Reproductive tract malformations and reduced ejaculated
sperm numbers were observed only at the two highest doses. Thus, dose-response relationships are
not equivalent among endpoints affected by exposure to vinclozolin.

D Antiandrogens have been shown to act as androgen receptor antagonists, inhibitors of 5a—reductase
activity, and/or inhibitors of steroidogenesis. In addition to vinclozolin, other agents (or their
metabolites) that have been identified as antiandrogens include p,p’-DDT (insecticide), flutamide
and Casodex (pharmaceuticals developed to treat prostate cancer), finasteride (pharmaceuticals



developed to treat benign prostate hyperplasia), methoxychlor (pesticide), procymidone (fungicide),
linuron (herbicide), ketoconazole (fungicide), and certain phthalate esters (plasticizers). For
finasteride, which acts as a 5a—reductase inhibitor, the dose-response for reduction in anogenital
distance (linear) was different than that for increased hypospadias (threshold-appearing).

D There are no data available on low-dose effects of environmental chemicals that act as androgen
mimics.

D Future research needs include the following:

1) further testing of the hypothesis that the dose-response for antiandrogens is linear to the
NOAEL/LOAEL,

2) development of mechanism-based assays for the detection of androgen mimics,

3) development and utilization of molecular and biochemical markers as sensitive indicators of
low-dose effects of androgenic and antiandrogenic agents,

4) characterization of dose-response relationships for androgenic and antiandrogenic agents in
different species and in multiple strains,

5) development of dosimetry/mechanistic models for exposures occurring during in utero and
early neonatal development.

Biological Factors and Study Design

D Several factors may account for discrepant findings on low-dose effects of particular endocrine
active agents, these include:

1) intrauterine position, although not essential for the detection of low-dose effects, may be
important in evaluating variability in response;

2) strain and substrain differences in response, which could occur due to genetic differences or
selective breeding to maintain high rates of fecundity and growth;

3) diet with varying background levels of phytoestrogens and differences in caloric intake might
influence reproductive parameters;

4) differences in caging (e.g., stainless steel, polycarbonate), bedding material, or housing (group
versus individual) could influence study outcomes;

5) seasonal variation, which has been reported to affect sex ratios in rodents.

D Comments on the multigeneration test. The traditional multigeneration reproduction study protocol
includes exposure of animals through most critical windows of sexual differentiation in the F1
generation and an assessment of the F2 generation through postnatal day 21. This protocol provides
substantial information on reproductive effects, but limited information on developmental effects.
Frequently, litter size is reduced on postnatal day 4 (usually to 4 males and 4 females) and litter size
is further reduced at weaning (postnatal day 21) so that only one animal/sex/litter is held until
adulthood. The reduction in number of treated animals evaluated may provide inadequate power to
detect low incidence responses (e.g., reproductive tract malformations). Further, a number of
sensitive or subtle endocrine-related endpoints are not routinely evaluated, and evaluations of F2
pups on or around postnatal day 21 may not reveal effects on reproductive tract organs that are not
yet fully developed. This concern is underscored by the fact that certain endocrine active chemicals
were negative in standard multigeneration and prenatal studies.
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D Additional design factors for future studies:

1) Because of clear species and strain differences in sensitivity, animal model selection should be
based on responsiveness to endocrine active agents of concern (i.e. responsive to positive
controls), not on convenience and familiarity.

2) Pharmacokinetic data need to be routinely generated, using appropriately sensitive methods, to
characterize the dosimetry of the test chemical or its metabolites in target tissues.

3) Caution is needed in implementing experimental designs to reduce animal variability (e.g.,
controlled feeding, individual housing), because factors such as body weight and stress can
influence reproductive endpoints.

4) The biological/toxicological relevance of specific endpoints affected by endocrine active agents
would benefit from measuring functional parameters or collecting mechanistic data on related
biomarkers of effect.

5) The long-term health consequences of early changes induced by endocrine active agents, e.g.,
prostate enlargement or accelerated uterine development, need to be determined.

6) Windows of susceptibility to endocrine disrupting chemicals need to be identified from
mechanistic data, and empirical tests need to include exposures at those times.

Overall Conclusions

D Low-dose effects, as defined for this review, were demonstrated in laboratory animals exposed to
certain endocrine active agents. The effects are dependent on the compound studied and the
endpoint measured. In some cases where low-dose effects have been reported, the findings have not
been replicated. The toxicological significance of many of these effects has not been determined.

D The shape of the dose-response curves for these effects varies with the endpoint and dosing
regimen, and may be low-dose linear, threshold-appearing, or non-monotonic.

D The traditional multigeneration reproduction study protocol has not revealed major reproductive or
developmental effects in laboratory animals exposed to endocrine active agents at doses
approaching their NOAELSs set by the standard testing paradigm. However, few multigenerational
studies have been conducted over expanded dose ranges, and endpoints such as cancer of reproductive
organs or neurobehavioral effects are generally not evaluated in multigenerational studies.

D The Panel recommended additional research to replicate previously reported key low-dose findings,
to characterize target tissue dosimetry during critical periods of development, to identify sensitive
molecular markers that would be useful in understanding mechanistic events associated with low-
dose effects, and to determine the long-term health consequences of low-dose effects of endocrine
active agents.

D The findings of the Panel indicate that the current testing paradigm used for assessments of
reproductive and developmental toxicity should be revisited to see if changes are needed regarding
dose selection, animal model selection, age when animals are evaluated, and the endpoints being
measured following exposure to endocrine active agents.
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Table 4. Selected Studies: Requested Parameters

(Studies shown in bold indicate data were received by the Statistics Subpanel)

Selected P.1. Study Chemical Exposure Parameter
Studies Category Organ Perinatal Puberty Other
Ref. # Weight
1 Ashby, Ashby, J., H. Tinwell, et | Bisphenol A In Utero Testis, Vaginal Daily Sperm
John al. (1999). “Lack of Epididymis, Opening Production
effects for low dose Seminal
levels of bisphenol A Vesicle,
and diethylstilbestrol on Prostate
the prostate glad of CF1
mice exposed in utero.” | DES Testis, Vaginal Daily Sperm
Regulatory Toxicology Epididymis, Opening Production
and Pharmacology 30: Seminal
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2,3 Ashby, Ashby, J., H. Tinwell, et | 3 diets Pubertal Uterus
John al. (2000). “Current
issues in Mutation
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free" rat diet.”
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4 Ashby, Ashby, J., H. Tinwell. Bisphenol A In Utero Anogenital | Vaginal
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(Unpublished Abstract). | Ethinyl Anogenital | Vaginal
Estradiol Distance Opening,
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comparison with a yeast | Estradiol Opening
estrogenicity assay.”
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Mammary
Gland
Differentiation

Ashby,
John

Odum, J., . T.G.
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Final Report). Assays
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Barry Munson, et al. (2000). Adult Response to
“Immunotoxicity of Anti-CD3 &
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“Effect of dietarily ERa
administered endocrine
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prep (Unpublished Estradiol Metabolism,
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9,10 Delclos, Meredith, J. M., C. Nonylphenol In Utero- Sexually
Barry Bennett, et al. (2000). Adult Dimorphic
“Ethinylestradiol and Nucleus of the
genistein, but not Preoptic Area
vinclozolin, decrease the of the
volume of the SDN- Hypothalamus
POA in male rats.” (SDN-POA)
Society for
Neuroscience Abstracts | Genistein SDN-POA
(in press).
Scallet, A. C., C. Ethinyl SDN-POA
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the sexually dimorphic
nucleus of the medial
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1 O’Connor, | Biegel, L.B.,J.C. 17 B-Estradiol | Adult; Serum
John Cook, et al. (1998). In Utero- Hormone
“Effects of 17R-estradiol Adult Concentrations
on serum hormone (P1 & F1):
concentrations and Estradiol,
estrous cycle in female Progesterone,
Crl:CD BR rats: effects Follicle
on parental and first Stimulating
generation rats.” Hormone,
Toxicological Sciences Luteinizing
44: 143-154. Hormone,
Prolactin
Estrous
Cyclicity (P1 &
F1)
2 O’Connor, | Biegel, L. B., J. A. Estradiol Adult; Epididymis, | Anogenital | Vaginal Histopathology
John Flaws, et al. (1998). “90- In Utero- | Accessory Distance Opening, : Ovaries and
day feeding and one- Adult Sex Glands, | (F1) Preputial Uterus (P1)
generation Testis, Separation
reproduction study in Uterus, (F1) Mammary
Crl:CD BR rats with Ovary (P1) Gland Cell
17R-estradiol.” Proliferation
Toxicological Sciences (P1 & F1)
44: 116-142.
Uterine
Markers (P1 &
F1)
Reproductive
Indices (P1)
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3 O’Connor, | Cook, J. C., L. Johnson, | Estradiol Adult; Testis, Hormone
John et al. (1998). “Effects of In Utero- | Epididymis Serum
dietary 17R-estradiol Adult Concentrations
exposure on serum (P1 & F1):
hormone concentrations Estradiol,
and testicular Prolactin,
parameters in male Testosterone,
Crl:CD BR rats.” Follicle
Toxicological Sciences Stimulating
44: 155-168. Hormone,
Luteinizing
Hormone
Sperm (P1&
F1)
Sertoli Cells
(F1)
4 O’Connor, | O'Connor, J.C.,S. R. Estradiol Adult Uterus, Uterine
John Frame, et al. (1998). Testis, Stromal Cell
“Sensitivity of a tier | Epididymis, Proliferation &
screening battery Seminal Epithelial Cell
compared to an in utero Vesicle, Height
exposure for detecting Prostate
the estrogen receptor Uterine
agonist 17R-estradiol.” Estrogen
Toxicological Sciences Receptor
44: 169-184. Concentration
Female & Male
Serum
Reproductive
Hormone
Concentrations:
Estradiol,
Prolactin,
Follicle
Stimulating
Hormone,
Luteinizing
Hormone,
Testosterone,
Dihydro-
Testosterone
1 vom Saal, | Alworth, L. C., K. L. DES In Utero Uterus
Fred Howdeshell, et al. Methoxychlor Uterus
(1999). Uterine response
to estradiol: low-dose
facilitation and high-
dose inhibition due to
fetal exposure to
diethylstilbestrol and
methoxychlor in CD-1
mice. Paper presented
at the Environmental
Hormones meeting,
Tulane University, New
Orleans, October.
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2,3

vom Saal,
Fred

Howdeshell, K. L., A. K.
Hotchkiss, et al. (1999).
“Exposure to bisphenol A
advances puberty.”
Nature 401: 763-764.

Howdeshell, K. L. and F.
S. vom Saal (2000).
“Developmental
exposure to bisphenol A:
interaction with
endogenous estradiol
during pregnancy in
mice.” American
Zoologist 40(3). (in
press).

Bisphenol A

In Utero

Vaginal
Opening,
Time to 1%
Estrus

Female Wean
Weight, Male
Wean Weight

vom Saal,
Fred

Nagel, S. C., F. S. vom
Saal, et al. (1997).
“Relative binding
affinity-serum modified
access assay predicts
the relative in vivo
bioactivity of the
xenoestrogens bisphenol
A and octylphenol.”
Environmental Health

Perspectives 105(1): 70-
76.

Bisphenol A

Octylphenol

In Utero

Prostate

Prostate

vom Saal,
Fred

Palanza, P., S.
Parmigiani, et al. (1999).
“Prenatal exposure to low
doses of the estrogenic
chemicals
diethylstilbestrol and
o,p'-DDT alters
aggressive behavior of
male and female house
mice.” Pharmacology

Biochemistry and
Behavior 64(4): 665-672.

DES

DDT

In Utero

Preputial,
Testis

Preputial,
Testis

vom Saal,
Fred

Thayer, K. A, R. L.
Ruhlen, et al. (2000).
“Altered reproductive
organs in male mice
exposed prenatally to
sub-clinical doses of
17a-ethinyl estradiol.”
(in press).

Ethinyl
Estradiol

In Utero

Prostate at 50
days and 5-
months-old

Daily Sperm
Production at
50 days and 5-
months-old

vom Saal,
Fred

Timms, B. G., S. L.
Petersen, et al. (1999).
“Prostate gland growth
during development is
stimulated in both male
and female rat fetuses by
intrauterine proximity to
female fetuses.” Journal
of Urology 161: 1694-
1701.

None-
Intrauterine
Position

Prostate
Budding
(Figure 2)
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8 vom Saal, vom Saal, F. S., B. G. DES In Utero Prostate
Fred Timms, et al. (1997). (Figure 4)
“Prostate enlargement in
mice due to fetal Estradiol Prostate
exposure to low doses of (Figure 2)
estradiol or
diethylstilbestrol and
opposite effects at high
doses.” Proceedings of
the National Academy of
Sciences 94: 2056-2061.
9 vom Saal, |vom Saal,F.S.,P.S. Bisphenol A In Utero Seminal Daily Sperm
Fred Cooke, et al. (1998). “A Vesicle, Production
physiologically based Epididymis
approach to the study of Testis,
bisphenol A and other Preputial
estrogenic chemicals on Glands
the size of reproductive
organs, daily sperm
production and Octylphenol Seminal Daily Sperm
behavior.” Toxicology Vesicle, Production
and Industrial Health Epididymis
14 (1/2): 239-260. Testis,
Preputial
Glands
10 vom Saal, |vom Saal, F.S., K.L. None- In Utero Prostate
Fred Howdeshell, et al. Intrauterine
(2000). High sensitivity | Position
of the fetal prostate to
endogenous and
environmental
estrogens. Paper to be
presented at the
Bisphenol A: low dose
effects-high dose effects
meeting, Freie
Universitat, Berlin,
November.
11 vom Saal, | Welshons, W. V., S. C. None- Prostate Male Fetal
Fred Nagel, et al. (1999). Intrauterine Serum
“Low-dose bioactivity Position Estradiol
of xenoestrogens in Concentration
animals: fetal exposure
to low doses of Androgen
methoxychlor and other Binding
xenoestrogens increases | Methoxychlor In Utero Prostate,
adult prostate size in Seminal
mice.” Toxicology and Vesicles,
Industrial Health 15: Testis,
12-25.
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2 Ben- Long, X., R. Steinmetz, Bisphenol A Adult DNA synthetic
Jonathan, et al. (2000). “Strain response in
Nira differences in vaginal vaginal
responses to the epithelia (F344
xenoestrogen bisphenol & SD rats),
A.” Environmental *H-BPA (F344
Health Perspectives & SD rats)
108(3): 243-247.

Estradiol DNA synthetic
response in
vaginal
epithelia (F344
& SD rats)

Controls Estradiol-ER
binding (F344
& SD rats)

3 Ben- Steinmetz, R., N. G. b-Estradiol Young Serum

Jonathan, Brown, et al. (1997). Adult Prolactin (F344

Nira “The environmental & SD rats),
estrogen bisphenol A Prolactin
stimulates prolactin Regulating
release in vitro and in Factor (F344 &
vivo.” Endocrinology SD rats)
138(5): 1780-1786.

Bisphenol A Serum
Prolactin
(F344 & SD
rats),

Prolactin
Regulating
Factor (F344 &
SD rats)

4 Ben- Steinmetz, R., N. Bisphenol A Young Cell
Jonathan, Mitchner, et al. (1998). Adults Proliferation of
Nira “The xenoestrogen Uterus and

bisphenol A induces Vagina,
growth, differentiation c-fos

and c-fos gene expression Expression
in the female

reproductive tract.”

Endocrinology 139(6):

2741-2747.

1 Chahoud, | Chahoud, I. “Studies on | Bisphenol A In Utero Prostate Anogenital | Vaginal Daily Sperm
Ibrahim the reproductive effects Distance Opening, Productions,

of in utero exposure to Preputial Testosterone
bisphenol A and ethinyl Separation Levels, and
estradiol of male and Estrouscycle
female Sprague Dawley
rat offspring.” (3 Ethinyl Prostate Anogenital | Vaginal Daily Sperm
Abstracts). Estradiol Distance Opening, Productions,
Preputial Testosterone
Separation Levels, and
Estrouscycle
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1 Chapin, Chapin, R. E., M. W. Methoxychlor | In Utero- | Prostate, Anogenital | Vaginal
Robert Harris, et al. (1997). Pubertal Testis, Distance Opening,
“The effects of Epididymis, Preputial
perinatal/juvenile Seminal Separation
methoxychlor exposure Vesicle,
on adult rat nervous, Ovary,
immune, and Uterus
reproductive system
function.” Fundamental
and Applied Toxicology
40: 138-157.
2 Chapin, Chapin, R. E. (1999). Methoxychlor | In Utero- | Testis, Sperm Count
Robert Study of rats exposed to Perinatal Epididymis,
methoxychlor. The Seminal
Toxicology Forum: Vesicle,
dose-response Prostate
considerations for
potential endocrine
active substances,
Washington, DC, April.
3 Chapin, Chapin, R. E., J. Nonylphenol In Utero- | Vagina, Anogenital | Vaginal Estrouscycle
Robert Delaney, et al. (1999). Adult Uterus, Distance, Opening Length
“The effects of 4- Testis, (F1,F2, & | (F1F2, & (F1 & F2)
nonylphenol in rats: a Epididymis, | F3) F3)
multigeneration Ventral Sperm Count
reproduction study.” Prostate Preputial (F2)
Toxicological Sciences (F1,F2, & separation
52: 80-91. F3) (F1)
Ovary (F2) Testis
Descent
(F2 & F3)
1 Ema, Ema, M. (2000). “Two- | Bisphenol A Prostate, Anogenital | Vaginal Sperm Count
Makoto generation Testis, Distance Opening,
reproduction study of Epididymis, Preputial
bisphenol A in rats.” Seminal Separation
(Unpublished Study Vesicle,
Report). Ovary,
Uterus
1 Gray, Earl | Gray, L. E., J. Osthy, et | Vinclozolin In Utero- | Prostate, Anogenital Sperm Count,
al. (1999). Perinatal | Epididymis, | Distance, Permanent
“Environmental Seminal Areola/Nip Nipples,
antiandrogens: low Vesicle, ple Hypospadias,
doses of the fungicide Testis, Agenesis of
vinclozolin alter sexual Ventral
differentiation of the Prostate,
male rat.” Toxicology Ectopic Testis,
and Industrial Health Epididymal
15: 48-64. Granulomas,
Epididymal
Agenesis
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Gray, Earl

Wolf, C., J. Osthy, et al.
(2000). “Effects of
prenatal testosterone
propionate on the sexual
development of male and
female rats: a dose-
response study.” Biology

of Reproduction
62(Supplement): 247.

*Study not
through US

EPA clearance.

Received
abstract.

Lee, Ping

Lee, P. C. (1998).
“Disruption of male
reproductive tract
development by
administration of the
xenoestrogen,
nonylphenol, to male
new born rats.”
Endocrine 9(1): 105-
111

Nonylphenol

Perinatal

Testis,
Epididymis,
Seminal
Vesicle,
Ventral
Prostate

Anogenital
Distance

Newbold,
Retha

Newbold, R. (1995).
“Cellular and molecular
effects of developmental
exposure to
diethylstilbestrol:
implications for other
environmental
estrogens.”
Environmental Health

Perspectives 103(7): 83-
87.

DES

In Utero

Reproductive
Capacity

Newbold,
Retha

Newbold, R. R., W. N.
Jefferson, et al. (1997).
“Uterine carcinoma in
mice treated neonatally
with Tamoxifen.”

Carcinogenesis 18(12):
2293-2298.

Tamoxifen

Perinatal

Uterine Tumors

Newbold,
Retha

Newbold, R. R., R. B.
Hanson, et al. (1998).
“Increased tumors but
uncompromised fertility
in the female
descendants of mice
exposed
developmentally to
diethylstilbestrol.”

Carcinogenesis 19(9):
1655-1663.

DES

In Utero;
Perinatal

Uterine Tumors
(F2)
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Selected
Studies
Ref. #

P.1.

Study

Chemical

Exposure
Category

Parameter

Organ
Weight

Perinatal Puberty

Other

4

Newbold,
Retha

Newbold, R. R., R. B.
Hanson, et al. (2000).
“Proliferative lesions
and reproductive tract
tumors in male
descendants of mice
exposed
developmentally to
diethylstilbestrol.”

Carcinogenesis 21(7):
1355-1363.

DES

In Utero;
Perinatal

Testis
Proliferative
Lesions (F2)

Newbold,
Retha

Newbold, R. R. (2000).
“Dose related changes
in male reproductive
tract tissues following
prenatal exposure to
diethylstilbestrol.”
(Unpublished Abstract).

DES

Adult

Seminal
Vesicle,
Prostate,
Testis,
Coagulating
Gland

Newbold,
Retha

Newbold, R. R., E. P.
Banks, et al. (2000).
“Low doses of
diethylstilbestrol during
development result in
permanent alterations
in the reproductive
tract.” (Unpublished
Abstract).

DES

Perinatal

Uterus

Uterine
Epithelial Cell
Height,
Epithelial Cell
Number, Gland
Number,
Induction of
Lactoferrin (an
estrogen-
responsive
protein)

Spearow,
Jimmy

Spearow, J. L., P.
Doemeny, et al. (1999).
“Genetic variation in
susceptibility to
endocrine disruption by
estrogen in mice.”
Science 285: 1259-1261.

Estradiol

Pubertal

Testis in 4
Mouse
Strains

Sperm
Maturation

Spearow,
Jimmy

Spearow, J. L., T. Sofos,
et al. (2000). Genetic
variation in sensitivity
to endocrine disruption
by estrogenic agents.
Paper modified from a
poster presented at the
Second Annual UC
Davis Conference for
Environmental Health
Scientists, Napa,
California, August.

Estradiol

Estradiol
Benzoate

Pubertal

Testis,
Vesicular
Gland

Uterus

Sperm
Maturation
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Selected P.1. Study Chemical Exposure Parameter
Studies Category Organ Perinatal Puberty Other
Ref. # Weight
1 Tyl, Tyl, R. W, C. B. Myers, | Octylphenol Adult; Epididymis, | Vaginal Daily Sperm
Rochelle et al. (1999). “Two- In Utero- | Seminal Opening, production (FO,
generation Adult Vesicle, Preputial Fl, & F2)
reproduction study with Prostate, Separation
para-tert-octylphenol in Testis, (FO, (F1&F2)
rats.” Requlatory Fl-day 21 as
Toxicology and well, & F2-
Pharmacology 30: 81- day 21 as
95. well)
Ovary,
Uterus (FO &
Fl-day 21 as
well)
2 Tyl, Tyl, R. W.,, C. B. Myers, | Bisphenol A Adult; Epididymis, | Vaginal Daily Sperm
Rochelle et al. (2000). “Three- In Utero- | Seminal Opening, Production (FO,
generation reproductive Adult Vesicle, Preputial Fl, & F2)
toxicity evaluation of Prostate, Separation
bisphenol A Testis, (FO, (F1&F2)
administered in the feed F1-day 21 as
to CD (Sprague- well, & F2-
Dawley) rats.” RTI day 21 as
Study No 65C-07036- well)
000 (Draft Final
Report). Ovary,
Uterus (FO &
F1-day 21 as
well)
1 Waechter, |Cagen,S.Z.,J. M. Bisphenol A In Utero Prostate, Daily Sperm
John Waechter, et al. (1999). Seminal Production, Sex
“Normal reproductive Vesicle, Ratio
organ development in Epididymis,
CF-1 mice following Testis
prenatal exposure to
bisphenol A.” DES Prostate, Daily Sperm
Toxicological Sciences Seminal Production, Sex
50: 36-44. Vesicle, Ratio
Epididymis,
Testis
2 Waechter, | Cagen, S.Z.,J. M. Bisphenol A Prostate, Daily Sperm
John Waechter, et al. (1999). Seminal Production, Sex
“Normal reproductive Vesicle, Ratio
organ development in Epididymis,
wistar rats exposed to Testis
bisphenol A in the
drinking water.” DES Prostate, Daily Sperm
Regulatory Toxicology Seminal Production, Sex
and Pharmacology 30: Vesicle, Ratio
130-139. Epididymis,
Testis
1 Welsch, Elswick, B. A., F. Bisphenol A In Utero- | Prostate
Frank Welsch, et al. (2000). Perinatal
“Effect of different
sampling designs on
outcome of endocrine
disruptor studies.”
Reproductive
Toxicology (in press).
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Selected P.1. Study Chemical Exposure Parameter
Studies Category Organ Perinatal Puberty Other
Ref. # Weight
2 Welsch, Elswick, B. A., D. B. Bisphenol A In Utero- | Prostate, Anogenital | Preputial
Frank Janszen, et al. (2000). Perinatal | Seminal Distance Separation
“Effects of perinatal Vesicle,
exposure to low doses of Epididymis,
bisphenol A in male Testis
offspring of Sprague-
Dawley rats.” DES Prostate, Anogenital | Preputial
Toxicological Sciences Seminal Distance Separation
54(Supplement): 256A. Vesicle,
Epididymis,
Testes
3 Welsch, Welsch, F., B. A. Bisphenol A In Utero- Anogenital | Vaginal
Frank Elswick, et al. (2000). Perinatal Distance Opening,
“Effects of perinatal Time to 1%
exposure to low doses of Estrus
bisphenol A on female
offspring of Sprague- DES Anogenital | Vaginal
Dawley rats.” Distance Opening,
Toxicological Sciences Time to 1%
54(Supplement): 256A. Estrus
4 Welsch, Welsch, F., B. A. Bisphenol A In Utero- | Prostate,
Frank Elswick, et al. (2000). Perinatal | Seminal
“Lack of effects of Vesicle,
perinatal exposure to Epididymis,
low doses of bisphenol Testis
A on male rat offspring
ventral prostate
glands.” In prep
(Unpublished Abstract).

XXViii




Table 5. Issues Relative to the Evaluation of Endocrine Low-Dose Studies

ISSUE INVESTIGATOR’S RESPONSE LOCATION OF
THESE DATA

1) Specific overall study objectives

2) Species, strain, and source of
animals

3) Diet/source

4) Caging protocols (single or
multiple housing)

5) Assignment of treatment groups
to cage location on racks

6) Bedding/source

7) Chemical analyses:
Chemical(s)/source

Purity of test agent
Identified contaminants, %
Stability of test agent

Analyses of dose
Formulations

Methods of analyses

8) Age and weight of animals at
start and end of study

9) Method of assigning animals to
dosed and control groups

10) Type of control groups?

Concurrent with dosed groups?

11) Specifics of treatment
regimens:
Formulations/vehicle
Administration dates
Route of exposure

Dose levels

Frequency and duration of dosing

Light/dark cycle

12) Whether litter mates were
used, if so, specify the precise
litter identities of each animal in
the study

13) Was there any “culling” of
litters? If so,

When?

How much?
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What was the method of selection?
Was any cross fostering done? If
s0, please provide details

14) Survival information: were
there any early deaths or notable
“competing risks”?

15) Specific variables that are
considered to be most critical in
the overall evaluation of the study;
any potentially “confounding
variables” that should be
considered in the data analysis

16) Was the study done in a single
“replicate” with a single shipment
of animals, or whether multiple
replicates or shipments were used.
Please give details

17) Did the same technician
examine and measure dosed and
control animals, or were multiple
technicians used? Please give
details.

18) Were animals and tissue
samples examined in a blinded
fashion?

19) Were animals examined in a
random order or were they
examined in a systematic fashion
(e.g. all controls measured first)?
If non-random, what was the order
of examination used?

20) Is there information on the
uterine location of each animal
(e.g., between 2 males, between 2
females, between one of each
sex)? Please provide available
information.

21) What statistical techniques
were used to evaluate the data and
why?

22) Any historical control data
relevant to the interpretation of
experimental results should be
provided.

23) Are the endocrine response
data provided to us complete in the
sense of including all animals that
were evaluated as part of this
research effort? If some selectivity
was involved, please provide the
details
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Table 6. Subpanel Questions and Issues

Subpanels: Bisphenol A, Other Environmental Estrogens and Estradiol, Androgens and
Antiandrogens

1. What is the extent of empirical evidence demonstrating low-dose effects of chemical X on
reproductive and developmental endpoints from studies in mammalian species? For this
meeting, “low-dose effects” refer to biological changes that occur at environmentally
relevant exposure levels or at doses that are lower than those typically used in EPA’s
standard toxicity testing paradigm. Within and across studies, describe the specificity,
consistency, and strength of the evidence with consideration of the timing of exposure, when
the endpoint was measured, and sensitivity of the endpoint. Are conclusions supported by
appropriate statistical analyses?

2. What is the extent of empirical evidence demonstrating the lack of low-dose effects of
chemical X? Within and across studies, describe the specificity, consistency, and strength of
the evidence with consideration of the timing of exposure, when the endpoint was measured,
and sensitivity of the endpoint. Are conclusions supported by appropriate statistical
analyses?

3. If possible, identify differences in study design or biological factors that might account for
the observed differences in study outcomes.

4. How do the findings from studies of low-dose effects on reproductive and developmental
outcomes using chemical X compare with those for other endocrine active chemicals?
Describe the specificity and consistency of the evidence, and as possible, identify the
similarities and/or differences in study design, chemical activity, species or strain, etc. that
might explain the observed outcomes.

5. Describe the available and relevant pharmacokinetic, biologic, and other mechanistic
information that strengthen or weaken the plausibility of low-dose effects. How did this
information impact on the subpanel’s overall conclusions? Describe the shape of the dose-
response curves in the low-dose region using empirical data as well as biologically based
dose-response models.

6. Based on the totality of available knowledge, what is the subpanel’s overall conclusion
regarding whether chemicals can cause hormone-related effects on reproductive and
developmental endpoints at doses lower than those typically used in the standard
toxicological dose-setting paradigm?

7. Are there specific knowledge gaps for which additional research relative to the low-dose
question is needed? If possible, suggest ways to address those gaps.
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Subpanel on Biological Factors and Study Design

1. Within the scientific literature positive and negative findings are reported relative to whether
endocrine disrupting chemicals have low-dose effects on reproductive and developmental
endpoints in mammalian species. For this meeting, “low-dose effects” refer to biological
changes that occur at environmentally relevant exposure levels or at doses that are lower than
those typically used in EPA’s standard toxicity testing paradigm. Identify similarities and/or
differences in study design (e.g., diet) or biological factors (e.g., strain, intrauterine position)
that might explain the observed outcomes. Describe the specificity, consistency, and strength
of the evidence with consideration of the timing of exposure, when the endpoint was
measured, and sensitivity of the endpoint. Are divergent data sets equally supported by
appropriate statistical analyses?

2. Based on the totality of available knowledge, what is the subpanel’s overall conclusion
regarding whether chemicals can cause hormone-related effects on reproductive and
developmental endpoints at doses lower than those typically used in the standard
toxicological dose-setting paradigm? Describe the available and relevant information
regarding study design, biological factors, and mechanistic data that strengthens or weakens
the plausibility of low-dose effects. How did this information impact on the subpanel's
overall conclusions?

3. Are there specific knowledge gaps for which additional research is needed relative to the

question of study design and/or biological factors affecting study outcomes? If possible,
suggest ways to address those gaps.
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AGENDA

Tuesday, October 10, 2000

7:30 AM Registration (Foyer, EmpireA)

8:30 AM Welcome (Empire ABC)
Kenneth Olden, NIEHS and Penelope Fenner-Crisp, U.S. EPA

Background and Charge to Panel
Ronald Melnick, NIEHS, Organizing Committee Chair

Review Process
George Lucier, NIEHS, Peer Review Chair

9:00 AM Body of Knowledge Presentation and Discussion
John O'Connor, DuPont
10:00 AM Break
10:30 AM Body of Knowledge Presentation and Discussion
Frederick vom Saal, University of Missouri
11:30 AM Body of Knowledge Presentation and Discussion
John Ashby, Zeneca, United Kingdom
12:30 PM Lunch
1:30 PM Body of Knowledge Presentation and Discussion
Barry Delclos, National Center for Toxicological Research
2:30 PM Summary of Other Bodies of Knowledge Studies

JimKariya, U.S. EPA
Principal Investigators:
Nira Ben-Jonathan, University of Cincinnati
Ibrahim Chahoud, Freie Universitat Berlin
Robert Chapin, DuPont
Makoto Ema, National Institute of Health Science-Japan
Earl Gray, U.S EPA
Ping Lee, Medical College of Wisconsin
Retha Newbold, NIEHS
Jimmy Spearow, University of California at Davis
Rochelle Tyl, Research Triangle Institute
John Waechter, Dow Chemical Company
Frank Welsch, Chemical Industry Institute of Toxicology

3:30PM Break
3:45 PM Summary of Other Bodies of Knowledge (continued)
4:30 PM Report from the Statistics and Dose-Response M odeling Subpane! -

Statistical Evaluations
Joseph Haseman, NIEHS, Subpanel Co-Chair

5:00 PM Report from the Statistics and Dose-Response M odeling Subpane! -
Theoretical M odeling
Michael Kohn, NIEHS, Subpanel Co-Chair
5:20 PM Dinner
6:50 PM Public Comments
Moderator - Lynn Goldman, Johns Hopkins University
School of Public Health
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AGENDA - continued

8:00 PM

Subpanels: Initial M eeting

1. Bisphenal A

2. Other Environmental Estrogens and Estradiol
3. Androgens and Anti-Androgens

4. Biological Factorsand Study Design

Wednesday, October 11, 2000

8:30 AM - 5:00 PM

10:00 AM
12:00 PM
2:30 PM

Thursday, October 12, 2000

8:30 AM

10:00 AM
10:30 AM

12:00 PM
1:00 PM
2:30 PM
3:00 PM
5:00 PM

Subpanel Mesetings

1. Bisphenal A

2. Other Environmental Estrogens and Estradiol
3. Androgens and Anti-Androgens

4, Biological Factorsand Study Design

Break
Lunch
Break

Subpanel Meetings

1. Bisphenol A

2. Other Environmental Estrogens and Estradiol
3. Androgens and Anti-Androgens

4, Biological Factorsand Study Design

Break

Presentation and Discussion of Subpanel Reports

Moderators - George Lucier, NIEHS and
Lynn Goldman, Johns Hopkins University
School of Public Health

Lunch

(Bull Durham Room)

(Royal A)
(Crown B)
(Royal B)

(EmpireC)
(EmpireD)
(EmpireA)
(EmpireE)

(Imperial I)
(Imperial 1)
(Imperial VI)
(Imperial VII)

(Empire DE)

Presentation and Discussion of Subpanel Reports (continued)

Break

Presentation and Discussion of Subpanel Reports (continued)

Closing Remarks
Penelope Fenner-Crisp, U.S. EPA
Christopher Portier, NIEHS
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Chapter 1:
Report of the Bisphenol A Subpanel

Chair
George Stancel, University of Texas Health Science Center at Houston

Rapporteur

Gail Prins, University of Illinois at Chicago

Facilitator
Penelope Fenner-Crisp, U.S. Environmental Protection Agency

Panelists

Ralph Cooper, U.S. Environmental Protection Agency

Warren Foster, Bureau of Chemical Hazards, Health Canada

Jun Kanno, National Institute of Health Sciences-Japan

John Faust, California Office of Environmental Health Hazard Assessment

Statistics and Dose-Response Modeling Subpanel Representatives
Joseph Haseman, NIEHS (statistics)
Robert Delongchamp, National Center for Toxicological Research (modeling)
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Background

Prior to the meeting the members of the Subpanel were provided with a selected set of

background references and a set of “selected studies” which had been selected by the members
of the organizing committee. The raw data for some, but not all, of the selected studies was
provided in advance to the Statistics and Dose-Response Modeling Subpanels who
independently analyzed the data. Drs. Joseph Haseman (Statistics Subpanel) of NIEHS and
Robert Delongchamp (Modeling Subpanel) of the National Center for Toxicological Research
then served as members of the Bisphenol A Subpanel at the meeting.

Based on an analysis of the selected studies, the Subpanel was then asked to address a set

of 7 questions.

1.

What is the extent of empirical evidence demonstrating low-dose effects of bisphenol A
(BPA) on reproductive and developmental endpoints from studies in mammalian species?
For this meeting, “low dose effects” refer to biological changes that occur at
environmentally relevant exposure levels or a doses that are lower than those typically
used in EPA’s standard toxicity testing paradigm. Within and across studies, describe the
specificity, consistency, and strength of the evidence with consideration of the timing of
exposure, when the endpoint was measured, and sensitivity of the endpoint. Are
conclusions supported by appropriate statistical analyses?

What is the extent of empirical evidence demonstrating the lack of low-dose effects of
BPA? Within and across studies, describe the specificity, consistency, and strength of the
evidence with consideration of the timing of exposure, when the endpoint was measured,
and sensitivity of the endpoint. Are conclusions supported by appropriate statistical
analyses?

If possible, identify differences in study design or biological factors that might account
for the observed differences in study outcomes.

How do the findings from studies of low-dose effects on reproductive and developmental
outcomes using chemical X compare with those for other endocrine active chemicals?
Describe the specificity and consistency of the evidence, and if possible, identify the
similarities and/or differences in study design, chemical activity, species or strain, etc.
that might explain the observed outcomes.

Describe the available and relevant pharmacokinetic, biologic, and other mechanistic

information that strengthen or weaken the plausibility of low-dose effects of BPA. How

did this information impact the Subpanel’s overall conclusions?

- Describe the shape of the dose-response curves for BPA in the low-dose region using
empirical data as well as biologically based dose-response models.

Based on the totality of available knowledge, what is the Subpanel’s overall conclusion
regarding whether BPA can cause hormone-related effects on reproductive and
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developmental endpoints at doses lower than those typically used in the standard
toxicological dose-setting paradigm?

7. Are there specific knowledge gaps for which additional research relative to the low-dose
question for BPA is needed? If possible, suggest ways to address those gaps.

(NOTE: Because the Subpanel was not provided with an explicit level to be considered “low
dose”, considerable time was spent for an on site discussion about what dose should be used as a
cut-off for this level to address questions (1) — (7) above. In the initial discussion, it was noted
that a NOAEL had not been found in rodent studies used for setting a reference dose for BPA. A
1982 NTP Technical Report (CAS no. 80-05-7) found “no convincing evidence that bisphenol A
was carcinogenic for F344 rats or B6C3F1 mice of either sex”. Nevertheless, since the incidence
of testis tumors was significantly elevated in the low dose (1000 ppm) male rat group, the EPA
apparently used these data to support their conclusion that this dose, which corresponds to an
oral dose of 50 mg/kg/day based on typical food consumption rates, represents a LOAEL for
BPA Applying the standard use of uncertainty factors of 10 for interspecies variability,
intraspecies variability, and subchronic to chronic comparison, the Subpanel originally decided
to use the oral reference dose of 50 ny/kg/day as the “low dose” cut-off.

However, after a lengthy Subpanel discussion on this point, members of the Organizing
Committee instructed the Subpanel to consider 5 mg/kg/day or less as representing a “low dose”
of BPA, and during the course of the meeting instructions were similarly given to consider 1
ny/kg/day or less of diethylstilbestrol (DES) as a low dose of that chemical. [Note added in
proof. The Organizing Committee based this directive on the definition of “low dose” used in
this peer review as “doses that are lower than those typically used in EPA’s standard toxicity
testing paradigm”. This would generally be interpreted as doses in the range of a NOAEL, or in
the absence of a NOAEL, the use of ~ LOAEL/10. Given the oral LOAEL of 50 mg/kg/day in
rats as noted above, this approximation corresponds to a value of 5 mg/kg/day, and this was the
rationale used by the Organizing Committee.])

It should be emphasized that the Subpanel used the 5 mg/kg/day dose level as instructed by the
Organizing Committee to define the low-dose cutoff for BPA, regardless of the route or
duration of administration or the age of the animal used for a particular protocol. This is
an important point, since the concentration of a chemical reached at a tissue site, can vary widely
following administration of identical doses by different routes and over different durations. This
is especially true when one route is oral and the other is parenteral. The Subpanel also did not
distinguish the duration of administration of BPA, i.e., the number of days for which a dose of 5
mg/kg/day was administered, the age at which exposure occurred, or the developmental stage for
in utero exposure. Thus, in some cases BPA was administered by injection or silastic implants,
while in others it was given via feed, and in others it was given by gavage. Additionally, some
exposures were in utero, while others were during neonatal or adult life.)
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Question 1. What is the extent of empirical evidence demonstrating low-dose effects of
BPA on reproductive and developmental endpoints from studies in mammalian species?
Within and across studies, describe the specificity, consistency, and strength of the evidence
with considerations of the timing of exposure, when the endpoints were measured, and
sensitivity of the endpoint. Are conclusions supported by appropriate statistical analyses?

Studies from vom Saal and Colleagues.

Several studies in mice provided evidence for a low dose effect(s) of BPA. These include the
following. The report by Nagel et al (1997), EHP 105:70-76, demonstrates an increase in
absolute prostate weight of CF-1 male mouse offspring at 6 months of age following
administration of 2 and 20 pg/kg/day BPA to pregnant mothers. The statistics Subpanel
reanalyzed this data and found it to be significant at the level of p < 0.05, and the BPA Subpanel
found this data to be credible. However, the changes in body weight reported in this study were
found to be unusual in that the body weight appears decreased in the low dose group, but this
finding is not replicated in other studies from the same group, where in fact, a low dose of BPA
increases body weight (Howdeshell et al, vide infra). In addition, a study from another group
(Ashby, J., H. Tinwell, et al., “Lack of effects of low dose levels of bisphenol A and
diethylstilbestrol on the prostate gland of CF1 mice exposed in utero”, Reg. Toxicol. Pharmacol.
30:156-166, 1999) did not observe BPA-related effects on body weight.

A subsequent paper from the same laboratory (vom Saal et al., Tox. Industrial HIth 14:239-260)
using other measurements of the same group of 6 month old animals, found a small
(approximately 20%) decrease in sperm efficiency (daily sperm production per gram of testis
weight) in the 20 pg/kg/day dose group (but not the 2 pg/kg/day group). The authors reported
this decrease as significant (p < 0.05), but this level of significance was not confirmed by the
Statistics Subpanel’s revaluation which found only p < 0.10 (see final report of Statistics
Subpanel). The Subpanel did not consider the issue of whether or not a 20% decrease in daily
sperm production efficiency, even if real, is likely to have biological or toxicological
significance. It was also noted that statistically significant changes in preputial gland weight,
seminal vesicle weight, and testis weight were not observed in this study.

The above 2 studies were performed with CF-1 mice obtained from the colony at the University
of Missouri. That colony is no longer available, but in an oral presentation at the Low Dose Peer
Review, data were presented showing an effect of in utero exposure of 10 pg/kg/day to pregnant
CD-1 mice on enlargement of the prostate in male offspring. Since the information from this
study was not provided prior to the peer review, neither the statistics nor BPA Subpanels had the
opportunity to independently analyze the raw data.

In several reports (Howdeshell et al., Nature 401:763-764 and Howdeshell and vom Saal, Am.
Zoologist 40: in press) in utero exposure to 2.4 ug/kg/day BPA advanced puberty in female CF-1
mice (measured as the number of days between vaginal opening and first vaginal oestrus),
although there was no change in the age of vaginal opening). This effect was observed only for
females positioned between two females during intrauterine development. In the same study,
increases in body weight at weaning of both male and female CF-1 were observed following in
utero exposure in animals located between 2 females or between 1 male and 1 female, but not



between animals located between 2 males, during intrauterine growth. It was noted at the Peer
Review Meeting that the authors did not provide the raw data to the Statistics Subpanel for re-
analysis for either of these studies, so there was no way for that Subpanel to independently
confirm the reported positional effects.

These observations seemed counterintuitive to the Subpanel since animals positioned between 2
females would be expected to be exposed in vivo to higher levels of endogenous estrogens from
neighboring fetuses than animals positioned between 2 males. While counterintuitive, the
Subpanel could not rule out the possibility of endocrine signaling loops, e.g., some type of “feed
forward” loop, not currently documented. [Note added in proof. The Statistics Subpanel

found in data provided in advance of a paper to be presented by vom Saal’s group in Berlin in
November, 2000, that no consistent positional effects on body weight were observed in castrated
mice treated at 3 months of age with testosterone or 5alpha-dihydrotestosterone. See the Statistics
Subpanel report for further details.] The Bisphenol A Subpanel did not discuss whether or not
these reported changes in body weight at weaning or time between vaginal opening and vaginal
oestrus are likely to have biologically or toxicologically significant implications.

Studies from Ben-Jonathan and Colleagues.

In a set of studies using Fisher 344 rats, another group demonstrated (Khurana et al.,
Endocrinology in press) that sc injections of 5-10 mg/kg/day of BPA on neonatal days 1-5
altered plasma levels of prolactin and developmental patterns of this hormone in the plasma of
both male and female animals between 15 and 30 days of age. BPA also produced more modest
changes in hypothalamic and pituitary levels of estrogen receptor mRNA levels measured by
RT-PCR.

In other studies, this same group investigated the effects of administering BPA to young adult
rats (7-8 weeks of age) and observed the following. 1) silastic implants yielding BPA release
estimated to be approximately 0.5 mg/kg/day for 3 days increase uterine epithelial cell height
and uterine weight in one strain of rats (F344) but not another (SD), and 2) silastic implants
releasing BPA at an estimated daily rate of 0.3 — 0.5 mg/kg/day increase serum prolactin levels,
again in F344 but not SD rats. In another study with 7-8 week old rats, this group reported
increases in uterine DNA replication and c-fos gene expression in F344 rats — although no
statistically significant effects were noted in the low dose range of 5 mg/kg/day or less used by
the Subpanel — there was a trend toward a response over the entire dose range, including the low
doses. Interestingly, this latter study displayed an apparent monotonic dose response curve over
the entire dose range studied. It is also noteworthy, that collectively these studies illustrated a
clear difference in sensitivity to the effects of BPA in the two strains of rats.

On balance, the Subpanel found the set of studies provided from Dr. Ben-Jonathan’s group to be
very credible, and consistent. At the same time, however, it should be stressed that these studies
did NOT find any low dose effects in SD animals, and that the “low dose” effects of BPA seen in
F344 animals were observed at what would be considered the “high edge” of the low dose range.
Furthermore, BPA administration in all of these studies was via sc injection or release from
silastic implants, and both these routes of administration would be expected to have far higher
levels of bioavailability than oral administration of BPA.



[Note. It should be mentioned that while the Bisphenol A Subpanel found the data from Dr.
Ben-Jonathan’s group to be credible and consistent, these data were not provided to the Statistics
Subpanel for their independent re-analysis.]

Low dose effects observed in other studies.

Several other reports contained data that reported effects in the low dose range of BPA. In one
study from Welsch’s group an effect of BPA on ventral prostate weight was observed in male SD
rat offspring exposed in utero, although a subsequent study with a different sampling strategy
with larger N values did not repeat this observation. Furthermore, the effect that was observed
did not show a clear dose-response relationship.

In multigenerational studies in SD rats with a very large number of endpoints, statistically
significant (p < 0.05) increases in ovarian weight were found in certain BPA-treated groups in a
study by Tyl and significantly decreased anogenital distances were found some BPA-treated
groups in a study by Ema. However, the Subpanel felt these observations displayed erratic dose
response relationships, and some changes were eliminated when the values in question were
subject to corrections for body weight differences between groups. Given the large number of
endpoints in these studies, the Subpanel felt these miscellaneous observations might simply
represent coincidental effects.

Summary. There are several reports of low dose effects of BPA which the Subpanel finds
credible as outlined above, especially in studies with CF-1 mice from vom Saal’s group, and this
group presented similar data for CD-"1 mice in an oral presentation at the meeting. Data from
Ben-Jonathan’s group was considered very credible by the Subpanel, and this data is also
potentially important because it provides very strong evidence for strain differences in the
sensitivity to BPA which is consistent with known differences in SD and F344 rats with regard to
sensitivity to endpoints of estrogenic action. These latter studies, however, were performed at
the very high end of the low dose range. Also, they all utilized either sc injection or release from
silastic implants as the route of administration of BPA, and the Subpanel questions whether
similar results would be obtained if this chemical was administered by the oral route which
would be more toxicologically relevant. These findings would thus provide greater support for a
low-dose effect if they could be repeated at lower doses and/or following oral administration. In
conclusion, there is credible evidence for low dose effects of BPA, and the conclusions reported
in the above several studies are supported by appropriate statistical analyses. This evidence is
limited to one dose level in a small number of reports and it is thus difficult to generalize about
specificity, consistency, or strength of the evidence relating to the timing of exposure, biological
endpoints measured or their functional significance, or their sensitivity.

Question 2. What is the extent of empirical evidence demonstrating the lack of low-dose
effects of BPA? Within and across studies, describe the specificity, consistency, and
strength of evidence with consideration of timing of exposure, when the endpoint was
measured, and sensitivity of the endpoint. Are conclusions supported by appropriate
statistical analyses?
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A number of studies have provided evidence demonstrating the lack of low dose effects of BPA.
Since low dose effects were NOT observed in these studies, the experimental details are not
reviewed as extensively as those in Question #1 above — rather, interested readers may refer
directly to the Selected Studies chosen by the Organizing Committee. This lack of discussion
here is simply due to the lack of any observed effects. The Subpanel felt that the selected studies
provided fell into 3 categories.

First there were 3 very large studies, conducted as GLP studies, that failed to show low dose
effects of BPA. These included several multigenerational studies (by Tyl and Ema) in rats that
examined a large number of endpoints, and a large study (by the Cagen group) using CF-1 mice
specifically designed to be conducted exactly as one of the vom Saal studies.

Second, a large study from the Welsch group that used multiple pups per litter exposed during
pregnancy found no BPA effects on prostate weight or on other endpoints.

Finally, a number of studies from Ashby’s group using both mice and rats, including some that
used the same CF-1 strain of mice and were designed to replicate the vom Saal studies, did not
observe low dose effects of BPA.

The Subpanel explicitly noted that this collection of studies covered the reported window of
sensitivity of exposure to BPA reported in studies referred to in Question #1, that they involved
very long duration exposures over multiple generations, that they used both mice and rats, and
that they administered BPA by several routes. Several of these studies also went so far as to
include DES as a known estrogen so as to repeat the experimental design of some of the vom
Saal studies. (Note: these studies did not observe an effect of DES on the endpoints measured
as reported in studies from vom Saal’s group, but the Subpanel did not address the question of
whether one would or would not expect to see an effect of DES on the endpoints measured in
either set of studies. The Subpanel did note, however, that if DES was included in a given study,
its effect generally “mirrored” the effect of BPA, i.e., either the two produced a similar effect or
neither produced any effect.) As a group these studies are very consistent, the conclusions are
supported by appropriate statistical analyses, and the Statistics Subpanel confirmed the lack of
BPA effects for the studies noted above, except for the second Welsch designed to investigate
sampling design for which that Subpanel was not provided the raw data . Collectively, these
studies found no evidence for a low dose effect of BPA, despite the considerable strength and
statistical power they represent, which the Subpanel considered especially noteworthy.

Question 3. If possible, identify differences in study design or biological factors that might
account for the observed differences in study outcomes.

There were a number of differences between the studies that provided evidence demonstrating
either a low dose effect of BPA or the lack of such an effect.

1. Some of the no effect studies were multigenerational, and animals were thus chronically

exposed to BPA. Animals in these studies may have adapted so that they did not show a
response to BPA at some “critical” time. However, there were other studies that failed to
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observe a low dose effect of BPA which utilized an exposure paradigm designed to
reproduce the short-term exposure studies from the vom Saal group and these also failed
to show a low dose effect of BPA.

Diets were not identical in studies that observed and did not observe low dose effects. In
particular, the Subpanel wishes to note that the background level of estrogens, e.g., from
dietary sources, may have been different and this could have contributed to the positive
effect of the BPA via previously unrecognized mechanisms (vide infra). For example,
vom Saal studies used a diet (Purina 5001) different from that used by the Cagen and Tyl
studies (Purina 5002), and Thigpen reported (background data) that the 5002 diet had
soy/phytoestrogen levels approximately half of those found in the 5001 diet. The
Subpanel thought the possible contribution of dietary estrogens should be considered in
light of the report that intrauterine position plays an important role (presumably due to
small differences in exposure to endogenous estrogens) in determining whether
developmental exposure to BPA in utero produces biological effects in the adult animal.
These studies reported that IUP effects played a role in the response of both female and
male animals for low dose effects of BPA, i.e., 2F animals (animals between 2 females)
show the greatest response following developmental exposure to BPA.

The Subpanel also felt that differences in the strains of mice used could in theory have
contributed to different responses to low doses of BPA. For example, while the studies
of both Cagen’s and Ashby’s groups used CF-1 mice in attempts to replicate the
experimental format used in the vom Saal studies, the CF-1 mice used by the Missouri
group had been raised in a closed colony since 1979. While the studies of both Cagen
and Ashby also used CF-1 mice, these were from true outbred colonies.

Careful examination of the raw data indicates that certain parameters in the control
animals were different in studies that observed and did not observe low dose effects of
BPA. In particular, the control BW and prostate weights differ between some studies,
e.g., some of the Ashby studies and the vom Saal studies. This raises the theoretical
possibility that tissues may have already been maximally stimulated by estrogens and /or
that the differences in body and prostate weights could be indicative of different levels of
maturation in the animals used in the two studies.

The routes of administration of BPA varied across studies, and this was felt to be
potentially most significant for studies using sc injection or release from silastic implants
versus those studies using oral administration. Even within the oral dosing groups there
were differences, e.g., in different studies BPA was given in drinking water, by gavage,
or in oil via micropipettes.

There may have been some differences in housing of the animals between different
studies. For example, housing of animals singly versus group housing for different
periods of time. This could, in theory, affect the outcome of studies since there are
known effects of housing due to the phenomenon of male dominance.



7. Different bedding was used by Ashby, vs that used by vom Saal, although Cagen used the
same bedding as the Missouri group. Thus, while bedding could be a potential factor (as
a source of possible exposure to estrogenic substances) the Subpanel thinks this is less
likely to be a potential factor than other differences.

8. The sample size was significantly different between studies that did and did not report
low dose effects of BPA. However, the Subpanel did not think this particular concern
was likely to be the principle basis for the differences because the negative studies had
the larger number of animals. This further emphasizes that the different studies reviewed
by the Subpanel indeed observed different outcomes.

9. There were differences between studies with respect to whether or not there was an
analysis of BPA purity in the starting material, and in the concentrations actually present
in dosing solutions. The Cagen study included an analysis of the BPA used as well as an
analysis of the dosing solutions for their actual BPA content. The Ashby studies did not
perform chemical analyses of BPA during the actual study, but did determine the stability
of BPA solutions (stable). Vom Saal did not perform chemical analyses of BPA
preparations used, but did determine the estrogenic potency. Ashby and vom Saal
obtained BPA from the same supplier (Aldrich), although the Ashby sample was obtained
from an Aldrich distribution source in the UK while the vom Saal material was from a
source in the U.S. In contrast, Cagen used BPA obtained from a different supplier
(Dow).

The Subpanel found no specific reason to suspect that there were differences in the
estrogenic activity, impurities, or other properties between the BPA batches used in these
different studies, or in the preparation of dosing solutions. Nevertheless, the studies that
reported a positive low dose effect did not specifically analyze their dosing solutions or
starting material, and one has to recognize this is always a potential confounder. Thus,
without analyses done at the time of the actual study, one cannot unequivocally rule out
potential effects of contaminants or errors in the preparation of dosing solutions.

Question 4. How do the findings from studies of low-dose effects on reproductive and
developmental outcomes using BPA compare with those for other endocrine active
chemicals? Describe the specificity and consistency of the evidence, and if possible, identify
the similarities and/or differences in study design, chemical activity, species or strain, etc.
that might explain the observed outcomes.

Due to the large amount of material on BPA assigned by the Organizing Committee, and the
level of discussion of that material, the Subpanel did not have sufficient time for an in depth
analysis of studies on other endocrine active chemicals. The Subpanel felt that it could only
briefly consider DES, since some of the BPA (both those reporting and not reporting low dose
effects of BPA) also studied DES. As noted previously, a representative of the Organizing
Committee instructed the Subpanel to consider a dose of 1 ng/kg/day as a “low dose” of DES.



There are credible reports that DES may produce low dose effects, including studies from both
the vom Saal and Newbold laboratories. Similar to the vom Saal findings in the male
reproductive tract, Newbold’s lab found low-dose stimulatory effects on female reproductive
tract endpoints. Studies from the Welsch group also showed a decreased body weight at 10
ny/kg/day of DES in drinking water and an effect on the vaginal opening (advanced) in the
female pups. Data from another study provided by the Organizing Committee as background
information (Gupta) also showed a low-dose BPA effect on prostate, which was blocked by the
antiestrogen I1CI 182,780. However, other credible studies have not observed such low dose
effects of DES or other estrogens. Thus the limited time available to discuss this question, as
well as the conflicting results, did not really allow the Subpanel’s discussion of this point to
contribute much to the central issue of low dose effects of BPA.

(As a point of reference, several members of the Subpanel, who are familiar with uterotrophic
assays, expressed the opinion during discussions that an oral dose of 0.2 ng/kg/day DES is
approximately the lowest dose at which they would expect to observe an effect of the synthetic
estrogen following this route of administration.)

Question 5. Describe the available and relevant pharmacokinetic, biologic, and other
mechanistic information that strengthen or weaken the plausibility of low dose effects of
BPA. How did this information impact on the Subpanel’s overall conclusions? Describe
the shape of the dose response curves in the low-dose region using empirical data as well as
biologically based dose-response models.

The selected studies included some in vitro data which indicate that BPA is not bound as
extensively to serum proteins as estradiol. This data alone would suggest that BPA might
preferentially exit the plasma space (relative to the endogenous hormone) to enter target cells.
However, this hypothetical possibility has not been established in vivo, which is the critical issue
since decreased plasma binding might also be expected to enhance both renal and hepatic
clearance and such an effect would be expected to decrease BPA concentrations at cellular
receptor sites.

There is also data available that the bioavailability of BPA is likely to be significantly less
following oral vs parenteral administration because of first pass hepatic metabolism, especially
since the glucuronides generated by metabolism do not have appreciable affinity for the classical
estrogen receptor.

A very important issue for thorough analyses of developmental effects is fetal uptake via
transplacental transfer, of non-metabolized BPA, as well as fetal biotransformation and
accumulation of BPA and metabolites. Extensive information on this important point was not
available in the selected studies, but from comments offered to the Subpanel by audience
members, these issues may be contentious.

An in-depth knowledge of directly measured pharmacokinetic parameters such as bioavailability,

bioaccumulation, transplacental transfer and fetal accumulation, clearance, volume of
distribution, half-life, and the complete spectrum of metabolites formed, is essential to
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understand the toxicology of BPA and is particularly important because of the low affinity, as
measured in vitro, of this chemical for estrogen receptors. This is also important because BPA
and other endocrine active chemicals could in theory affect the metabolism of endogenous
steroid hormones via induction or inhibition of P450s or glucuronyl transferases, or other
mechanisms.

With respect to the shape of the dose curve, there are not sufficient doses of BPA that have been
reported to elicit low dose effects to establish the shape of the dose response curve for this
chemical. Parenthetically, the Subpanel noted that in the studies with F344 rats, which contained
1-2 doses of BPA in the low dose range (5 mg/kg/day or less), showed a monotonic dose
response curve (Ben-Jonathan studies).

In addition, the Subpanel wishes to emphasize that the large number of negative data points in
the literature make it impossible to perform any sensible dose response modeling for BPA in the
low dose range at this time.

The paucity of BPA pharmacokinetic data led to the Subpanel’s view that this is an area that
represents a critical data gap. Extensive pharmacokinetic information was not provided in the
selected studies and background information. This, coupled with the available time, precluded
the Subpanel from undertaking a rigorous consideration of pharmacokinetic issues. Thus, if
definitive and reproducible pharmacokinetic information on BPA is available, it should be
thoroughly analyzed in the context of low dose effects, and if such data is not available, it should
be a high priority for future work. This was emphasized by the striking difference in response of
two rat strains (F344 and SD) to BPA in the selected studies, and because of the clear evidence
of genetic effects on hormonal responsiveness reported in the literature and described in part
during the oral sessions at the meeting.

Question 6. Based on the totality of available knowledge, what is the Subpanel’s overall
conclusion regarding whether BPA can cause hormone-related effects on reproductive and
developmental endpoints at doses lower than those typically used in the standard
toxicological dose-setting paradigm?

There is credible evidence that low doses of BPA can cause effects on specific endpoints.
However, due to the inability of other credible studies in several different laboratories to observe
low dose effects of BPA, and the consistency of these negative studies, the Subpanel is not
persuaded that a low dose effect of BPA has been conclusively established as a general or
reproducible finding. In addition, for those studies in which low dose effects have been
observed, the mechanism(s) is uncertain (i.e., hormone related or otherwise) and the biological
relevance is unclear.

(Note: The Subpanel wishes to emphasize that the above is a consensus statement. The
Subpanel expended a considerable amount of time and effort developing the above statement to
answer the question posed by the Organizing Committee about our “overall conclusion”, and the
true sense of our overall conclusion is accurately presented from the entirety of the above
statement. Thus, the presentation of only a portion of the above statement would not accurately
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represent the content or spirit of our conclusion. Consequently, the Subpanel will not endorse
anything but the above statement in its complete form as presented here.)

Question 7. Are there specific knowledge gaps for which additional research relative to the

low-dose question is needed? If possible, suggest ways to address those gaps.

There are numerous knowledge gaps which limit the ability to assess low dose effects of BPA.
Some of the specific items suggested during the Subpanel discussion are listed below, although it
should be noted that this listing is not intended to be all-inclusive.

1.

Studies should be performed with multiple doses of BPA in the low dose range,
especially following oral administration during in utero or early neonatal development. If
experimental paradigms can be developed to conclusively establish low dose effects of
the chemical as a general, reproducible phenomenon, these should be used to obtain
sufficient data points to perform credible physiologically based pharmacokinetic
modeling.

Extensive pharmacokinetic data should be obtained in multiple species including CF-1
and CD-1 mice and in F344 and SD rats. This data is intrinsically important and is also
required for modeling studies.

There is no meaningful data on the occupancy of estrogen receptors following exposure
of animals to BPA in the low dose range, especially during critical periods of
development. Data on the occupancy of receptors, in the reproductive tract, pituitary, and
brain, following exposure of animals to low and high doses of BPA would be very
valuable and is essential to rigorously address mechanistic questions.

The use of pharmacological (e.g., specific receptor antagonists) and genetic (e.g., knock
out animals) approaches would provide important information about the mechanism of
BPA effects, especially the role (if any) of estrogen receptors in any observed effects.

Further studies on the intrauterine position effect are suggested to fill existing knowledge
gaps. It would be valuable to establish the generality and reproducibility of this effect, as
well as establishing unequivocally the endogenous hormone levels as a function of
intrauterine position and the site of their production. In related areas, it may also be
important to carefully examine the effect(s) of minor differences in background levels of
estrogens (e.g., provided by different feeds, due to genetic variation and species
differences, etc.).

Genetic and epigenetic factors that affect responses to BPA and hormones in general are
important areas that deserve further study. These include not only factors that affect
hormone and receptor levels, but also factors in “intermediate” steps in hormone action
which could lead to observed differences in sensitivity (e.g., such differences in
“intermediate” or “down stream” effects have been suggested from studies comparing
F344 and SD rats).
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Mechanistic studies of BPA action that span the full course of in utero development,
neonatal life, puberty, and adulthood would provide important data not currently
available.

Given recent advances in understanding the basic mechanisms of steroid receptor actions,
ligand specific effects of BPA on the transcriptional activity of receptors, recruitment and
activation of co-activators and co-repressors, regulation of transcription by protein-
protein vs DNA-binding mechanisms, and non-genomic actions of BPA might aid our
understanding of the actions of this chemical at all dose levels. These studies would be
especially important to determine if effects of BPA are mediated through classical
hormone regulated pathways, or whether other mechanisms are operable.

One of the most critical needs is to search for other possible markers and specific
endpoints (e.g., in addition to, or instead of, gross measures such as organ weights) that
can be used to reproducibly investigate low dose effects of BPA. The development of
easily measured and sensitive molecular endpoints, especially endpoints that can be
assessed shortly after exposure, are critical needs which would greatly aid our ability to
resolve current questions about low dose effects of BPA.
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Introduction:

Estrogens are classically defined as those compounds (endogenous and exogenous) that
induce the state of estrus in the immature or ovariectomized female rat or mouse. Variations on
this theme have been used since the discovery and characterization of the estrogen specific
binding protein called the estrogen receptor. In elegant experiments it has been shown that the
estrogen action of estradiol and other estrogens is mediated by the estrogen receptor (ERa).
Hence, many compounds are being classified as estrogens because they bind to the estrogen
receptor and turn on estrogen responsive genes. In addition, the recent discovery of a second
high affinity estrogen binding protein (ERb) has added new complexities to the general principle
of induction of estrus. The ERa and ERD are not distributed equally in the same tissues or cells.
Hence, even the definition of a classic ER agonist, antagonist and partial agonist is in flux.

The subpanel addressed the question of what is an estrogen and how the definition should
flavor the deliberations. The members also addressed the question of potency of a compound as
an estrogen when compared to estradiol. The area of relative potency and mechanisms of action
were beyond the scope of this meeting but are clearly areas for further research. The discussions
focused on three major areas: 1) criteria to evaluate effects, 2) relevant parameters to be
considered, and 3) gaps in the databases.

The criteria to evaluate effects centered on the question of the ability to lead to disease, or
do the effects lead to a persistent and detectable change in cells, tissues or organs. Importantly,
the question of whether the effect(s) were part of a continuum of toxicity, or simply a
manifestation of a physiologic response that rapidly reversed with no permanent effect, was
addressed. The overarching question of what is a low dose is imbedded in the above questions.

The subpanel considered several key parameters in their deliberations. The first and
foremost parameter was the compound in question. What was known about the chemistry and
biological effects of the compound as tested. Secondly, the questions focused on the specifics of
the protocol such as the age and time of exposure and/or examination of the animals, the length
of exposure of the animals, the dose range tested, what was the lowest dose tested, what was the
lowest effect level, was there an effect at the lowest dose tested, and the species, strain, sex and
number of animals tested. An important question that remained in front of the subpanel was
what is a low dose. The consensus was that a low dose might be compound specific based on
background exposure, body burden, or chemical class. It was generally agreed that a single
number could not be used as the low dose for all compounds. The robustness of each study was
considered using the above criteria. Dose-response curve models (See Figure 1) were discussed
that allowed the subpanel members to characterize the general biological effects of the
compounds. The subpanel developed an operational definition for “low-dose effects” that was
based on the dose-response data for the selected endpoints for each agent under evaluation. Low-
dose effects were considered to be occurring when a nonmonotonic dose-response resulted in
significant effects below the presumed NOEL (no-observed-effect level) expected by the
traditional testing paradigm.

Qualitative and quantitative data gaps were identified for all the compounds examined.
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Compounds Examined:

The compounds selected for examination were considered to be representative of several
classes of estrogenic xenobiotics, and estradiol. These compounds include: genistein (an
isoflavone soy derivative), diethylstilbestrol [DES] (the prototypical non-steroidal estrogen),
octyl-, and nonylphenols (environmental chemicals), methoxychlor [an estrogenic methoxylated
derivative of p,p’-DDT] (an organochlorine insecticide) and estradiol (the primary ovarian
estrogen). For each compound the subpanel made a judgment on five criteria: 1) empirical
evidence for a low dose effect, 2) empirical evidence for lack of a low dose effect, 3) relevant
PB/PK and/or mechanistic information, 4) overall evaluation of hormonal activity at “low
doses”, and 5) data gaps.

Genistein is an isoflavone derived from soy. As such genistein is a general dietary component of
humans, including newborns and children, and animals. There is a large body of experimental
and clinical literature relating to the biological actions of genistein. A low dose effect at 25ppm
in the diet is achievable in human mammary tissue, and in mammary tissue, brain and
lymphocytes of CD rats. The latter effect involved an increase in proliferation of splenic T-
lymphocytes stimulated with anti-CD3. At 5ppm in the diet there was a trend toward a decrease
in volume of sexually dimorphic nuclei (SDN) of the medial preoptic area (POA) of the
hypothalamus in male rats that returns toward normal at 625ppm. The volume of SDN-POA is
approximately 5-10 times larger in male rats than in female rats. However, in F1 male rats that
had been exposed to genistein the SDN volume was intermediate between control male and
control female rats. The physiological consequence of a change in volume of SDN-POA in male
rat pups has to be more fully examined and elucidated. The lack of data below the 5ppm dietary
concentration of genistein was considered as evidence that an effect at the lowest dose tested had
been demonstrated. Little mechanistic data and/or physiologically based-pharmacokinetic
(PB/PK) information were made available to the panel. However, there is a great deal of
information in the open literature. The overall evaluation of genistein is that hormonal activity
was demonstrated at low doses (5-25ppm) and the effects were seen in the CNS, mammary tissue
and WBCs. There are several data gaps that should be addressed regarding genistein. There
should be clarification of the activity at the lower end of the dose-response curve (<25ppm in the
diet), what mechanisms are involved in genistein action (test in the ERKO a and b), and test in
studies using estrogen antagonists. The subpanel was unanimous in its recommendation that the
“low dose” studies must be replicated.

Diethylstilbestrol (DES) is the prototypical non-steroidal estrogen. The compound was
synthesized in the mid-1930s, and introduced in the 1940s as a drug to prevent spontaneous
abortions, and the late 1940s as a caponizing agent in chickens and a supplement in cattle to
enhance weight gain. DES was banned for use in pregnancy and as an indirect food additive in
the 1960s but is still available for some medical and veterinary uses. DES is an animal
carcinogen, as well as a transplacental carcinogen in humans. There is an enormous literature on
the biology and toxicology of DES. The transplacental carcinogenicity and the effects on the
neonatal mouse urogenital system are unique. The most recent literature is addressing questions
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of effects on the developing male reproductive system. The importance of DES is underscored
in that it serves as the model for several other estrogenic chemicals. Understanding the
mechanism of action of this potent drug and toxicant will lead to further insights into the actions
of other like compounds. There is very clear empirical evidence of a low dose effect on prostate
size at 0.02ng/kg bw in CF-1 mice and supportive evidences in CD-1 mice. Additionally there is
evidence of behavioral changes in CD-1 mice at this dose. There is evidence from dose-response
studies that a no effect level exists at 0.002ng/kg bw in mice. PB/PK and mechanistic
information exists but was not reviewed by the subpanel. Overall, hormonal activity was
observed at low doses (see above) but non-hormonal effects may exist at lower doses. Data gaps
exist in several areas. The low dose effects should be remodeled. A plausible mechanism and
the studies to support it should be developed to validate the findings of enlarged prostates in
treated males. Additionally, a META analysis should be conducted on the four major studies
that have been completed on DES.

Alkylphenols are industrial compounds that have been identified in drinking water supplies and
wastewaters. Several investigators have demonstrated the estrogenic potential of this class of
compounds in vitro and in vivo. Two compounds were evaluated by the subpanel; nonylphenol
and octylphenol. The “low dose” of nonylphenol is questionable. Renal toxicity occurred at the
200ppm in the parent generation of SD-rats of a multi-generation study, and increased relative
uterine weight occurred at the same concentration in F1 females. Higher doses (2000 ppm)
induced changes in testes and prostate weight, decreased live births and prolonged estrus cyclity.
Several other changes occurred in the F1 offspring of the 25ppm group including an increase in
proliferation of splenic T-lymphocytes stimulated with anti-CD3, an increased relative thymus
weight, a decreased volume of SDN-POA in males, and a prolonged estrus in females. A pattern
of change in SDN-POA volume in males following treatment with nonylphenol was similar to
that observed for genistein. As stated above the SDN-POA changes are difficult to interpret at
the moment, as are the anti-CD3 findings. The lack of a low dose effect appears to be at
approximately 5ppm, but the immune markers have not been tested at that level. There was no
PB/PK information available to the subpanel on nonylphenol. The data gaps for nonylphenol are
similar to those stated above. What is the meaning and mechanistic basis for the changes in
SDN-POA? Immune-markers should be evaluated at levels less than 25 ppm. More data are
needed at the level of ng/kg/day, the human exposure level.

Octylphenol is another member of the class of alkylphenols. The compound is primarily used as
an intermediate for the production of surfactants. The literature for low dose evaluation of this
compound is limited to one major study. There was no evidence of a low dose effect in a five
dose multigeneration study in rats. Only the highest dose (2000 ppm) induced toxicological
changes. At doses ranging from 0.02-200ppm no effects were observed. Little or no PB/PK or
mechanistic data exists for this compound. The binding of octylphenol to the ERa is 3to 7
orders of magnitude less than estradiol to the same receptor. Hence, there is no evidence that
octylphenol induces hormonal activity at low doses. The only data gap identified by the
subpanel was the absence of a confirmatory study in another laboratory species.

Methoxychlor is a chlorinated diphenylethane insecticide that is chemically related to p,p’-DDT.

The major difference between methoxychlor and DDT is the substitution of methoxy-groups for
the chlorines in the para-positions of the phenyl rings. The estrogenicity of methoxychlor in

2-4



rodents has been known for several decades. The compound binds to the ERa with a relatively
low affinity compared to estradiol, but can induce uterotrophism in immature rodents. Despite
the many studies on the mechanism(s) of action of methoxychlor few studies detailed the dose-
response relationship for estrogenic action. The primary multi-dose study with methoxychlor
examined six doses ranging from 0.05 to 150mg/kg/d given shortly before birth and through
neonatal day 7, at which time the pups were dosed directly. Effects were seen at all doses with
the exception of the 0.5 and below. At the effective doses there were a wide range of changes in
estrogen sensitive organs. The lowest effective dose was 5/mg/kg/d. Hence it appears that at
levels less than 5mg/kg/d (0.05 and 0.5mg/kg/d) none of the effects seen at higher doses were
reported. Mechanistic studies have been carried out in several laboratories. Serum
concentrations and milk concentrations mimic the administered doses. Additionally, the active
metabolites also mirror the parent compounds in relative concentrations. Overall the classic
estrogenic activity is limited to doses greater than 5mg/kg/d, but some immune effects (increase
in proliferation of splenic T-lymphocytes stimulated with anti-CD3 in F1 female SD rats) have
been reported at 10ppm in the diet. Data gaps that should be addressed to complete the profile
on methoxychlor are a further evaluation on the anti-CD3 alterations. Are these changes related
to estrogen action or are other pathways affected. A second data gap, which may be more
important, is the comparison between technical grade and pure methoxychlor.

Estradiol is the ovarian steroid with the greatest estrogenic activity. It binds the ER with the
greatest affinity of the compounds evaluated and induces all the classic effects that are termed
estrogenic. The basic biology of estradiol defines the feedback pathways of the steroid-driven
endocrine system. Estradiol has been widely studied and the molecular mechanisms of action
are very well understood. The studies evaluated by the Subpanel addressed the question of low-
dose activity keeping in mind that this is an extremely potent steroid that is difficult to evaluate
in an in vivo system because of the homeostatic mechanisms of the test systems. The
ovariectomized CD rat in the Tier 1 (EDSTAC Protocol) studies had reproducible changes in
serum prolactin at 3ng/kg/d with an associated increase with administered dose. Several other
changes in hormonally active tissue were reported, as was changes in LH and FSH as a function
of dose and blood level. An apparent no effect level was attained in a 90-day feeding study with
no changes being observed at the three lowest doses tested (3, 170 and 700ng/kg/d).
Mechanistic studies were not conducted in this bioassay. However, the best metric for endocrine
changes was the blood estradiol level rather than administered dose. Overall, the TIER1 dietary
study demonstrated the three types of dose-response relationships based on particular endpoints,
tissue responses and time points. The remaining data gap for estradiol in this test system is to
determine the shape of the dose-response curve at the low effect and high no effect levels.

GENERAL RECOMMENDATIONS

Based on the studies and compounds reviewed the subpanel has three major recommendations

that cross most studies:

1) Model dose-response relationships - in multiple dose studies, modeling of dose-response
relationships should be done in addition to pair-wise comparisons;

2) Replicate and validate studies - low dose effects are difficult to ascertain, hence the studies
must be replicated and validated across laboratories;
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3) Examine and elucidate the physiological and toxicological consequences of SDN-POA and
anti-CD3 changes - determine the biological significance of the volume changes in the SDN-
POA in male rodents, and the significance and relationship of the anti-CD3 changes and
estrogen action.
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Introduction

This article highlights major issues discussed in the Androgens and Antiandrogens
Subpanel at the 2000 Endocrine Disrupters-Low Doses Peer Review Workshop. The goal of the
Workshop was to review the scientific evidence related to potential low-dose effects of
endocrine active chemicals (EACs) on human health. The Subpanel was charged to examine
data from a selected study on vinclozolin (V), a fungicide with antiandrogenic activity *, and
other supporting information 2% in order to determine whether the body of evidence
demonstrated low-dose androgenic/antiandrogenic effects or the lack of such. Specifically, it
was asked to evaluate the consistency and strength of the scientific evidence presented in the
study, including parameters such as timing of exposure, sensitivity of the endpoints, sample
sizes, sampling methods, appropriateness of the controls, strain differences, species sensitivity,
number of doses in the low-dose range, and the vigor of the statistical analyses. Other main
topics of discussion included the shape of the dose-response curve for V, and other relevant
mechanistic data that might strengthen or weaken the plausibility of its low-dose effects. During
the Subpanel’s deliberation, opinions on whether the weight of evidence provided sufficient
grounds to change the traditional dose-setting paradigm, particularly in the low-dose region, for
mammalian toxicology studies on V and related compounds, were reflected. Finally, knowledge
gaps regarding environmentally active androgenic/antiandrogenic agents were identified.

Defining “low-dose effects”

In order to assess whether low-dose effects exist, it is imperative to first define what
constitutes low dose for each EAC under investigation. The organizers of the conference, NTP
and NIEHS, had asked the Subpanels to consider “low dose effect as biological changes that
occur at environmentally relevant exposure levels or at doses that are lower than those typically
used in EPA’s standard toxicity testing paradigm”. With regard to V, information on
environmentally relevant exposure levels in human populations is currently unavailable.
However, the no-observable-adverse-effect level (NOAEL) and low-observable-adverse-effect
level (LOAEL) for acute dietary exposure to V has been established to be 6 mg/kg/day and 11.5
mg/kg/day, respectively, while the chronic dietary NOAEL and LOAEL are set at 1.2 mg/kg/day
and 2.3 mg/kg/day, respectively (revised Human Health Risk Assessment 5-12-00, Office of
Pesticide Program). These values have been established from rat studies, using developmental
and ventral prostate (VP) weight changes as endpoints in acute exposure studies and
histopathological lesions of lungs, liver, ovary, and eye as adverse effects in chronic exposure
studies. Human risk assessment levels have been derived from these values after adjustment for
human factors. In order to facilitate further discussion the Subpanel had arbitrarily defined “low-
dose range” as one below the currently recognized NOAEL/LOAEL. However, the Subpanel
was aware of the fact that no studies had been conducted in dose-ranges below NOAEL/LOAEL
for V. The issue of whether studies conducted at NOAEL/LOAEL should be considered as low-
dose studies or only those carried out at dose ranges substantially lower than NOAEL/LOAEL be
counted was debated. At present, no information is available on environmentally relevant
exposure such as exposure levels from crop residue. This data gap has hampered current and
future hazard evaluation, risk assessment, toxicity testing and risk management.
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Vinclozolin is an antiandrogen

Vinclozolin (V, 3-(3,5-dichlorophenyl)-5-methyl-5-vinyl-oxazolidine-2, 4-dione) is a
dicarboximide fungicide widely used to control fungal growth on several fruits, vegetables, and
turfgrass 2. Structurally, it resembles hydroxyflutamide and exerts antiandrogenic action %%,
Prenatal exposure to V causes reduced anogenital distance (AGD), hypospadias, ectopic testes,
viginal pouch formation, agenesis of the ventral prostate, and nipple retention in male offspring.
Exposure of pregnant rats to low dosages of V, 12 mg/kg/d or lower, results in female-like AGD,
retained nipples, and permanently reduced VP weights in some male offspring, while a high dose
of 100 mg/kg/d causes hypospadias, deformity, and infertility in all male offspring. In contrast,
fertility and reproductive functions are unaffected when male rats are exposed as adults to high
doses of V in a chronic manner #. Mechanistically, the antiandrogenic action of V is mediated
via metabolic conversion to two open-ring metabolites, M1 and M2, which have been shown to
induce AR nuclear import, compete with androgen for AR binding, and block AR-DNA
interaction . They do not bind estrogen receptor (ER)-a nor inhibit 5a-reductase activity, yet
do possess weak affinity for progesterone receptors. Biologically, M2 is more potent than M1,
and has a Ki around 1 mM, as compared to hydroxyflutamide, which has a Ki of 0.1 nM, for the
AR. In contrast, V, the parent chemical, is a poor AR antagonist . Dosimetry studies reveal
that when M1 and M2 in maternal serum concentrations approach their respective Ki values for
AR binding hypospadias and more severe infertility are noted in the exposed offspring 2.

The Vinclozolin data set

The study by Gray and associates * was the only article selected for peer-review. The
principal investigator had submitted raw data to the Statistics and Dose-Response Modeling
Subpanel for re-evaluation and has responded to the 23 questions listed in the “Issues Relative to
the Evaluation of Low-Dose Studies”. In this study, pregnant rats were dosed (po) with V at 0,
3.125, 6.25, 12.5, 25, 50, or 100 mg/kg/day from gestational day (GD) 14 to postnatal day (PND)
3, and postnatal reproductive developmental abnormalities, including female-like AGD, retained
nipples, cleft phallus with hypospadias, suprainguinal ectopic scrota/testes, a vaginal pouch,
epididymal granulomas, and small to absent VP, in the male offspring were used as endpoints.
The investigators reported that the AGD was significantly reduced in newborn male offspring
and the incidence of areolas was increased. VP weight in one-year-old males was reduced and
permanent nipples were observed in male offspring born to mothers treated with all tested doses.
Males born to mothers exposed to the two higher doses (50 and 100 mg/kg/day) exhibited
reproductive tract malformations and reduced ejaculated sperm numbers. Different endpoints
displayed varied dose-response curves. For example, AGD, areolas, and VP weight displayed a
continuous response to V treatment with no apparent threshold while hypospadias and ectopic
testes exhibited threshold-responses.

Statistical re-evaluation revealed that statistical methods applied in the study were
generally appropriate. The Statistic Subpanel agreed with the investigators’ decision to use the
litter as the basic experimental unit, given the significant “litter effects” that were present in the
data. It also confirmed that at postnatal day2, AGD in male offspring was significantly reduced
in the group exposed to the lowest test dose (3.125 mg/kg), but it did not find AGD reduction to
be significant for the next lowest dose (6.25 mg/kg/day) group. Additionally, it agreed with the
investigators that the 50 and 100 mg/kg/day V doses significantly reduced VP weight, the 100
mg/kg/day dose diminished seminal vesicle weight, and none of the tested doses affected body
weights, testis weight, paired epididymis weight, or testicular and epididymal sperm counts.
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However, the Subpanel’s analyses disagreed with the investigators’ finding that an effect of 6.25
mg/kg/day V on VP weight was significant.

Based on peer-review of the investigators’ data and the Statistic Subpanel’s re-evaluation,
our Subpanel noted the following: 1) the study was well-designed and demonstrated V exerted
antiandrogenic action developmentally, 2) the test doses were in the NOAEL/LOAEL range, 3)
alteration in AGD in male offspring was the most sensitive endpoint and was significantly
different at the lowest test dose (3.125 mg/kg), 4) the areolar/nipple persistence in males was a
highly informative endpoint but was not subjected to statistical re-analysis, and 5) for some end-
points tested, the dose-response curves displayed no threshold and appeared linear to the lowest
test dose, which simultaneously approached the limit of detection.

Other antiandrogenic EACs and their mechanisms of action

Other EACs with antiandrogenic activities have been identified'®. According to their
mechanisms of action, they could be broadly classified into AR antagonists, 5a-reductase
inhibitors, and inhibitors of steroidogenesis.

In addition to V, several EACs are known to exert antiandrogenic activities through their
action as AR antagonists. The p,p’-DDE, a persistent metabolite of the insecticide p,p’-DDT,
binds AR with moderate affinity and inhibits androgen-induced transcription with a potency
similar to that reported for the antiandrogen hydroxyflutamide *°. Prenatal exposure (gestational
day 14-18) to 100/kg/day of p,p’-DDE induced AGD reduction and nipple retention in male
offspring *°. Other metabolites of p,p’-DDT have also been reported to exhibit antiandrogenenic
activities in a cell culture system %°. Similarly, 2,2-bis-p-hydroxyphenol-1, 1, 1-trichloroethane,
the primary o-demethylated metabolite of the pesticide methoxychlor, is an effective AR
antagonist %°. It exerts potent antiandrogenic action in vivo. The fungicide procymidone also
acts as an AR antagonist ***®. At a dose of 100 mg/kg/day, it produces in vivo antiandrogenic
activities similar to those induced by V and p,p’-DDE '°***8, Linuron, a herbicide, is a weak
competitive inhibitor for the AR (Ki of 100 mM) although it is highly effective in altering sexual
differentiation in vivo in an antiandrogenic manner *°. Short-term treatment of castrated adult
rats with linuron reduces testosterone- and DHT-dependent tissue weights in the Hershberger
assay ** at an oral dose of 100 mg/kg/day for 7 days. It has been suggested that the principal
antiandrogenic acton for linuron is mediated via inhibition of steroidogenesis ?’. Likewise, the
fungicide ketoconazole has been shown to exert antiandrogenic activity in vivo by lowering
serum testosterone levels, and altering both gonadal synthesis and hepatic inactivation of
testosterone 2%, Lastly, the phthalates, common plasticizers, are now believed to exert their
antiandrogenic action via interference with the synthesis or metabolism of androgens %°.

Pharmaceuticals (e.g. flutamide and Casodex) developed to treat prostate cancers and
benign prostatic hyperplasias (BPH) are potent antiandrogens. Flutamide, following in vivo
hydroxylation to hydroxyflutamide, acts as an AR antagonist. It binds to AR with high affinity
but fails to initiate transcription **. Casodex (ICI 176,334) binds to the AR with good affinity,
but fails to induce receptor accessory protein dissociation, DNA binding, and transcriptional
activation **2. In a 5-day Hershberger assay *°, flutamide at 0.15, 0.6, 2.5 and 10 mg/kg/day
effectively produces antiandrogenic responses %, In contrast, finasteride, developed to treat BPH
and hair loss, exerts its antiandrogenic action primarily by acting as a 5a-reductase inhibitor 3,
Gestational exposure to finasteride produces transient AGD reduction and nipple retention, and
increases hypospadias incidence in male rat offspring ®”. It has been noted that the decrease in
AGD apparently shows a linear response over the tested dose range. Yet, the hypospadias



response does exhibit a threshold around 0.1 mg/kg/day and a 100% effect level at 100
mg/kg/day (with dosing through Day 20 of gestation) ®. Interestingly, unlike AR antogonists,
finasteride does not completely block prostate differentiation or feminize the external genitalia
despite high-dose exposure *°. Finally, the non-steroidal antiandrogen, nilutamide, has a weak
binding affinity for the AR. Nonetheless, it has a long biological half-life and potent
antiandrogenic activity in vivo. Its action is likely due to its inhibitory action on androgen
synthesis .

When the effects of V are compared to those induced by the aforementioned EACs it
becomes apparent that these compounds all behave as antiandrogens. Thus far, there is little
evidence for environmental chemicals that act as androgen mimics. Although examples of
potential androgenic effects in wildlife have been reported * presently no evidence exists for
effects in humans related to environmental exposures. If androgenic mimics were to be present
in the environment, they most likely will be detected by their effects on female development and
reproductive functions. In this regard, it has been reported that exposure of pregnant rats to
testosterone adversely affects pregnancy and masculinizes female offspring *.

Mechanistic models for screening environmental antiandrogens

In order to safeguard detection of low-dose effects caused by environmental
antiandrogens, it is important to employ appropriate mechanism-based models with the most
sensitive endpoints for detection. Existing multigenerational tests sample only a small number of
pups for necropsy and have missed malformations and low-dose effects of EACs. The problem is
more serious when the endpoints are low frequency events. For example, multigenerational
studies with DDT have failed to detect the androgenic effects of p,p’-DDE in rats, mice and
beagle dogs “. With regard to detection of environmental androgen/antiandrogen three
mechanism-based in vivo screening models, if utilized routinely and complementarily, should
help to improve detectability. The gestational/postnatal exposure rat model system is based the
ability of an EAC to interfere with low levels of endogenous androgen required for normal male
development. This is recognized as a highly sensitive in vivo assay. The developmental
endpoints such as AGD reduction, areolar/nipple persistence, preputial separation, hypospadias,
testicular descent are highly sensitive in detecting antiandrogenic activities . Mechanism-wise,
the in vivo antiandrogenic activity is, in general, supported by AR binding and transcriptional
activity assays. Furthermore, the EAC’s Ki for AR binding usually agrees with the relative
potency of its antiandrogenic action %°. The Hershberger assay **, a short-term in vivo assay, also
has the sensitivity and specificity for detecting androgen/antiandrogen. Castrated mature rats are
exposed to the chemical in the absence of presence of an androgen and accessory sex organ
weights are used as detection endpoints. Androgenic activity is detected on the basis of
stimulation of accessory sex organ weight gain in the absence of an androgen and antiandrogenic
activity is measured as competitive inhibitory action on androgen-stimulated growth of these
organs. Lastly, the peripubertal exposure model is another in vivo system that permits detection
of androgenic/antiandrogenic activity based on preputial separation. In addition to in vivo
assays, numerous in vitro or cell-free androgen/antiandrogen-screening assays have been
developed. These assays are based on hormone specific mechanisms of action such as cell-free
and whole-cell AR binding, androgen-dependent cell proliferation, and transcriptional activation
of androgen-specific reporters or genes. Utilization of these assays as first-tier tests or as
mechanism-finding assays should complement findings from in vivo assays ***.
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Comments and recommendation on current and future study design

Based upon existing knowledge of mechanisms, the current study designs are found to
have the sensitivity and selectivity for detecting environmental antiandrogen, particularly if these
compounds behave as competitive AR antagonists. However, protocol modifications may be
required for the detection of EACs that act(s) as inhibitors of steroid biosynthesis and/or
metabolism modulators. The Subpanel has found little additional benefit to extend the current
standard toxicology tests to dose range below the currently set NOAEL/LOAEL. This
conclusion is reached partially based on the low incidence of malformation detected by the
current assays at NOAEL/LOAEL, suggesting that the detection limits of these assays may
approximate these levels. Furthermore, based on our present understanding of the mechanisms
of action for these detection assays we recognized that current data are obtained based upon
environmental chemicals acting as antiandrogens, i.e. as agents that interfere with endogenous
testosterone action. In intact adult animals, testosterone is present at high levels and therefore
the effect of an antiandrogenic agent is only observed if it is present at high concentrations.
Similarly, in castrated adult rats, detection of an antiandrogenic compound is based on its
efficacy to block the action of an exogenously administered, potent androgen (testosterone or
dihydrotestosterone). However, in gestational/prenatal exposure assays, antiandrogenic activity
is detected as the efficacy of the EAC to antagonize the action of low levels of endogenous
testosterone. Therefore, these assays are deemed to have higher sensitivities than the non-
developmental assays. Yet, they are still dependent on the Kis of the EACs, which likely
approach the exposure levels induced by the NOAEL/LOAEL.

Recognizing that knowledge gaps exist in this area of studies, the following
recommendations have been made. First, since only one study has been conducted in the range
of the NOAEL/LOAEL, verification and substantiation of data from this study with independent
(unrelated and multiple) investigations should be a top priority for immediate future research.
Furthermore, since no studies had been conducted at dose-ranges below the NOAEL/LOAEL for
vinclozolin and other environmental antiandrogens a need exists to test the hypothesis that the
dose-response for antiandrogens is linear to the NOAEL/LOAEL. Secondly, although so far no
EACs have been identified as androgen mimics for the human, it is necessary to develop
mechanism-based assays for their detection since this class of compounds apparently affects
wildlife. Thirdly, research can be focused on further advancement of the basic knowledge on the
mechanisms of androgenic/antiandrogenic action.  These efforts should benefit future
development of new detection methodologies. Likewise, as new molecular markers of tissue
response are identified (by genomics or proteomics discovery platforms), it will be useful to
include such molecular/biochemical biomarkers as endpoints since they may be more sensitive or
specific than current biological endpoints. With the advent of bioinformatics and large-scale
molecular modeling it becomes attractive and cost-effective to utilize these new approaches to
analyze currently available and future biological data in order to formulate novel hypotheses to
be tested under new experimental paradigms. Along this line of argument, since the AR ligand-
binding domain (LBD) has been crystallized it offers new opportunities for structural modeling
of the AR-LBD-ligand crystals to predict androgenic/antiandrogenic activities of various
chemicals. One important issue that future research has to address is the dose-response
relationships for androgenic/antiandrogenic EACs in different species and in multiple strains.
This issue is critical to our understanding of sensitive populations, encompassing such factors as
genetic predisposition, age, gender, past and current exposure history, dietary influences and
multiple chemical sensitivity. Modeling in animal studies may prove to be fruitful endeavors



preluding large-scale epidemiology studies. Lastly, it may be useful to develop credible
dosimetry/mechanistic models for exposures occurring during in utero and early neonatal
development since these are the most sensitive timepoints of detection.
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This Subpanel was not charged to review any particular chemical or group of chemicals.
Therefore, it chose to selectively focus on topics within its area of expertise that it believes have
generic application to design of studies and evaluation of data for evidence of possible endocrine
disruption.

General conclusion. The Subpanel was of the consensus view that there is an adequate scientific
basis to recommend development of a scheme that identifies and characterizes chemicals that
may modulate or perturb endocrine systems. However, restricting scientific attention to schema
that identify effects at low dose is, from a public health perspective, myopic. It is believed that
within the cadre of chemicals found to have endocrine modulating characteristics within a
traditional range of toxicological doses, will be found the majority of those chemicals that may
cause effects at low doses in select circumstances. In our use of the modifier low in the previous
sentence it has meaningful communicative value because it has a biological context. Observing
that a chemical may produce effects at low doses is not revealing a new scientific concept; it is a
broadened awareness that chemicals with endocrine modulating characteristics can exert effects
in situations that had not been previously considered. For example, in the ontogeny of
development there are temporal windows of sensitivity where exposure to a dose that is usually
without effect can have undesired and lasting consequences. DES may serve as a classic example
of estrogenic effects. There are other chemicals that appear to exert effects through anti-androgen
influences such as linuron and dibutyl phthalate.

Factors that may account for discrepant results. The subpanel noted that some reports
identified effects of exposure to bisphenol A (BPA) and diethylstibesterol (DES) during late
gestation in CF-1 mice on subsequent prostate weight in the male offspring™? and on the rate of
sexual maturation in female offspring®. A mechanism by which such effects may occur has been
proposed’. However, the reported low dose effects of BPA and DES could not be replicated by
other laboratories®® and the panel therefore assessed different parameters which might account
for the lack or reproducibility of the low dose effects across laboratories. These were as follows:

Intrauterine Position (IUP):

The IUP phenomenon was first observed 20 years ago in mice and subsequently has been
reported also to occur in rats, gerbils and guinea pigs’. It describes whereby a male fetus located
in the uterus between two female fetuses (OM) is exposed to higher blood concentrations of
estradiol and lower blood concentrations of testosterone than is a male fetus located between two
males (2M). Similarly, an OM female fetus has higher estradiol and lower testosterone levels
than a 2M female fetus. The effect is due to the passage of endogenous steroids between fetuses,
transported across the placental membranes by amniotic fluid. Not only can raised levels of
estradiol and lower levels of testosterone be detected in OM fetuses relative to 2M fetuses prior to
birth, but also alterations in endocrine-related endpoints have been observed after birth, which
can be plausibly related to the early differences in the endocrine milieu’. These endpoints include
variations in anogenital distance, prostate size and weight, prostate androgen receptor numbers
and androgen-dependent behaviors in males, and timing of first estrus, estrous cycle length and
duration of reproductive life in females.

Some of the above endpoints have also been reported to be influenced by low-dose exposures to
certain endocrine-active compounds and one laboratory has reported interactions between IUP
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and exposure to BPA or to 17R-estradiol’®. The Subpanel therefore considered whether
tracking IUP might be a critical factor in revealing possible low-dose effects. It concluded, from
the evidence available to date, that although IUP influenced the magnitude of the response to an
exogenously administered compound, the low-dose effects reported were detectable irrespective
of whether IUP was taken into account. The Subpanel therefore recommends the use of study
designs that keep track of IUP, but that control of IUP is not essential for the observation of
potential low-dose effects.

Strain/substrain Differences:

The CF-1 mice used in the negative studies™° were obtained from a commercial breeding colony
(Charles River), whereas those used in the positive studies™? had been maintained as a colony in
the university institute's animal facility for several years and had not been subjected to
commercial selection pressures to maintain high rates of fecundity and body weight growth.
When the 6-month necropsy data were compared, the mice used by Zeneca study® were observed
to be heavier with greater individual weight variation than those used by Dr. vom Saal’s group™
2. The panel also concluded that genetic differences could also occur in mice of the same strain
obtained form the same commercial breeder because most breeders maintain separate colonies at
different facilities. Outbred rodent strains can exhibit genetic polymorphism in enzymes that
metabolize androgens and estrogens. For example, Wistar rats have been shown to express a
recessive mutation of the UGT2B2 gene which codes for the UDP-glucuronosyltransferase

isoform that conjugates androgen metabolites such as androsterone”°,

Differences in Diet:

Different diets have been used by different groups and little or no attempt has been made to
assay phytoestrogen content of individual batches of diets being used. However, studies
performed with the synthetic diet AIN 76, which contains no soy products, was no less
uterotrophic in prepubertal rats than open formula diets containing soy proteins™. The
uterotrophic activity of AIN 76 could be inhibited by estrogen antagonists. The total caloric
content of a diet can also influence reproductive endpoints. Caloric restriction in immature rats
and mice can delay puberty and disrupt secretion of LH, FSH and growth hormone®®™*. This
would suggest that the caloric content of diets used in different studies might influence
reproductive parameters and that anorexic effects of dosed feed due to problems with either
palatability or toxicity might produce artifactual changes in reproductive endpoints. These effects
would be more likely to occur at high doses than at low doses, and could therefore influence the
shape of dose response curves.

Caging Considerations:

Different studies used different types of caging and bedding. For example some used stainless
steel cages® whereas other studies used polypropylene cages®. The Subpanel was informed (F.S.
vom Saal personal communication) that significant amounts of BPA could leach out of
polycarbonate cages, particularly when the cages became old and had damaged or worn surfaces.
Phytoestrogens could also be present in certain bedding materials. Differences in whether
rodents are group-housed or individually housed could also influence study outcome. The
housing protocol used in the studies that showed low dose effects on prostate weight used group
housing of the male mice (3 per cage) from weaning until they were 5 months old. The mice
were then individually housed for 1 month prior to evaluation'. Dr. vom Saal stated to the
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Subpanel that during the group housing stage a single male in each cage would acquire
dominance over the other two males and the dominant male will exhibit larger accessory
reproductive organs (including the prostate) than the subordinate males. Individually housed
males all had similar sized accessory reproductive organs as group-housed dominant males.
Thus, under the experimental paradigm that showed low dose effects subordinate mice would be
expected to exhibit more rapid catch-up growth of the prostate gland during the month prior to
evaluation. Only a single mouse from each original cage was evaluated for low dose effects, but
it was not known whether either dominant or subordinate mice were selected or whether the mice
were randomly selected. This situation differed in the studies that failed to show low dose effects
with BPA. These either individually housed the mice for the entire period between weaning and
evaluation®, or used the vom Saal procedure but evaluated all three mice from each cage®.

Dosing Considerations:

Although all three groups utilized the same doses and similar dosing techniques the extremely
low doses used precluded the possibility of detailed pharmacokinetic studies to confirm that
similar amounts of the test chemicals were reaching the fetal target tissues.

Temporal/Seasonal Differences:

Many biological parameters such as immune function assays in both humans and rodents vary in
magnitude with the season of the year'®. Seasonal variation is apparent in rodents kept under
constant temperature and light cycle, suggesting that true circannual rhythms do occur’.
Furthermore, there appears to be a genetic component to peak season of responsiveness, since
different strains of mice make maximum responses during different seasons®®. A study which
utilized over 9,000 mice maintained for over several years under a constant light/dark cycle and
temperature reported that the ratio of males to female offspring varied significantly between
spring and fall with more females being born in the springtime®®. The study also reported that the
differences in sex ratio also resulted in a significant seasonal variation in proportions of 2M to
OM male and female pups. The authors suggested that there might be an evolutionary advantage
to this phenomena because 2M progeny have been reported to be more aggressive and less
nurturing than OM progeny®® and would be more likely to survive through the harsh conditions of
winter.

Comments on the sensitivity of “Tier 2” multigeneration test to detect effects.

The traditional multigeneration reproduction study protocol has in the last few years been
utilized to characterize the potential hazards of endocrine active chemicals. Adopting this
protocol in large part is due to the study design that incorporates exposure of animals through all
the critical windows of sexual differentiation in an F; generation and assessment of an F,
generation through postnatal day 21. The multigeneration reproduction study has served
toxicology well over the last twenty or more years and has essentially maintained its original
design. The study provides substantial information of the effects of agents on reproduction (e.g.
fertility, fecundity, pregnancy, gametes etc) with more limited information on (postnatal)
development (e.g. pup survival, growth, developmental landmarks etc).

When used to test endocrine active chemicals the major purpose of the “Tier 2” test is to provide
“definitive” information on hazard characterization of endocrine active chemicals. The test is
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therefore expected to: (1) confirm or refute observations noted in Tier 1screens/ assays; (2)
identify activity with special regard to end points for which concern has been raised in humans
(e.g. decreased sperm count, cryptorchidism, reproductive tract malformations); (3) identify
other endocrine activity of interest; and (4) provide the critical dose-response information on
endocrine active chemicals to be used in risk assessment.

In contrast to the prenatal toxicology study in which every pup is examined in at least 20 litters,
the multigeneration protocol goes through a series of reductions in number of animals for
evaluation. Thus although all animals are exposed through gestation, frequently litter size is
reduced on post-natal day 4 (usually to 4 males and 4 females) to “standardize” the litter
although there are arguments both for and against this reduction in size %> %. Litter size is then
further reduced at weaning (usually pnd 21) at which time only one animal/sex/litter is selected
to carry on until adulthood. Even at this stage a further reduction occurs in that only 10 animals
per group are scheduled for pathological investigation.

There are several severe limitations to the “Tier 2” test, particularly with regard to the detection
of low incidence phenomena (e.g. reproductive tract malformations). A major shortfall is that
only one pup/sex/litter of F; is examined at adulthood. Examining but one pup per sex provides
inadequate power to detect reproductive tract malformations, i.e., the possibility exists to
produce false negatives. It also can lead to false positives if the control population is variable
(e.g. prostate weight®*). Additional deficiencies are that a number of sensitive end points (e.g.
retention of thoracic nipples in male offspring, measurement of anogenital distance) are not
evaluated or are only triggered in F, pups that are terminated and necropsied at weaning. Gross
necropsy at weaning is unlikely to detect subtle malformations (e.g. epispadias), and will not
detect effects on organ systems not yet developed (e.g. sperm production, prostate). A number of
agents have now been shown to have endocrine activity even though well conducted
multigeneration and prenatal studies by competent laboratories were negative in the standard
study design (e.g. linuron?; DINP®). This causes concern for the ability of these guideline
studies to fulfill the needs outlined above and provide the necessary information with regard to
hazard characterization and use in risk assessment.

Other Design Factors Warranting Consideration

Animal model selection:

The Subpanel asserts that the selection of species or strain for future studies should be the
product of a more deliberate thought process. In a review of the literature provided to the
Workshop it is apparent that test animal selections were driven by availability, convenience and
familiarity. It should therefore, come as no surprise that the reviewed data showed a wide range
of responses. There would be value in developing a core of data across a selected array of mouse
and rat genotypes with a modest set of chemicals known to possess endocrine active properties
of interest. The experimental design for such a study should reflect a spectrum of inbred and
random-bred genetic backgrounds and incorporate parameters that reasonably characterize
endpoints of interest. The results of such an effort could provide a basis for reasoned selection of
test animals. It may also provide a basis for modifying and realigning current protocols with
respect to dose groups, group size and parameter and endpoint selection.
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Species/strain Selection:

While the abundance of historical control data makes the CD-1 mouse and Sprague Dawley rat
attractive animal models for reproductive toxicity testing, inbred strains such as the B6C3F;
mouse may produce less variable endpoints. For example, inbred mouse strains do not appear to
exhibit differences in sexual behavior and other endpoints that are related to intrauterine position
(F.S. vom Saal personal communication). Furthermore the apparent advantage of historical
control data has been compromised for several rodent strains due to selective breeding and/or
genetic drift’"%.

Pharmacokinetic Data:

When establishing the reproducibility of low dose effects it is important to establish what
concentration of the test chemical or its active metabolites reaches the target tissue. Because of
the extremely low doses of the test chemicals being used in these studies, more sensitive
analytical methods, such as radioimmunoassay, need to be developed.

Control of Experimental Variation:

Food consumption, body weight and stress can all influence reproductive endpoints and
influence the outcome of toxicity and carcinogenicity bioassays*’. Controlled feeding can reduce
variation in body weight and in relative organ weights in B6C3F; mice® but its effects on
reproductive endpoints have not been investigated. Culling litters to set numbers of pups will
help standardize weight gain and rate of development in suckling rodents, but the number of
fetuses in utero also influences weight gain and energy expenditure during postnatal life*?. Group
housing of male mice results in differences in prostate size in dominant and subordinate mice.
While individual housing may eliminate this variability the low dose effects of BPA were only
detected in group housed mice. Establishment of reproducible low dose effects on prostate
weight might require establishing the subordinate or dominant status of test animals.

Establishment of Multiple Parameters for an Endpoint:

To gain broader acceptance that endpoints such as prostate enlargement or uterine maturation are
of biological or toxicological consequence the reporting that an end point is affected needs to be
supported by multiple parameters. Further, parameters that assess function are of greater value.
In particular, behavior or more mechanistic endpoints such as serum hormone levels, tissue
hormone receptor expression or enzyme activity should be utilized. Emerging techniques of
genomics and proteomics®*** could be extremely useful in establishing potential biomarkers for
endocrine disruption.

Associate Endocrine Disruption with Pathological effects or Toxicity:

Experimental models need to be designed that will determine whether alterations in endocrine
function such as prostate enlargement or accelerated uterine development are associated with
clinically relevant pathological conditions such as prostrate or uterine/ovarian cancers.
Transgenic mice with increased susceptibility to these pathologies may prove useful here as
would susceptible strains such as the Lobund/Wistar rat™.

Establishment of Windows of Susceptibility:

There is a need to map windows of susceptibility for endocrine disrupting chemicals by using
knowledge of the developmental profiles of hormone receptors in target tissues and of plasma
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binding proteins, steroid metabolizing and xenobiotic detoxicating enzymes in the developing
organism. Such windows should then be tested empirically using the endpoints listed above. In
certain cases F, generations may have to be evaluated until adulthood.

Immune System Endpoints:

To determine whether low dose immuno-toxicological effects occur with endocrine active
chemicals requires the use of a comprehensive screen. General indices of immune system
development and function such as lymphoid organ weights and cellularity, bone marrow function
can provide clues of loss or shifts in cell type in lymphoid tissues. Hints that there are defects in
bone marrow function can be gleaned from erythrocyte counts plus total and differential
leukocyte counts or phenotypic analysis of immune system cells. However, functional assays
that evaluate whole body immuno-reactivity, e.g., antibody production and delayed-type
hypersensitivity responses to injected antigens, or other assays that reflect a specific response to
antigen, should be conducted if immunosuppression is suspected. Burns et al. present and
discuss methods to assess immunocompetence™.
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BACKGROUND

The Endocrine Disruptor Meeting's Peer Review Panel and associated expert Subpanels are
charged with the responsibility of reviewing the available endocrine disruptor data and reaching
conclusions regarding the possible presence of low dose effects. To help facilitate this effort, the
Organizing Committee identified and requested raw data from 58 selected studies, involving 15
different sets of investigators, that the Committee felt were relevant to this evaluation. These
data were primarily from published studies, but included some unpublished datasets for which a
manuscript (or Abstract) had been prepared. The Statistics Subpanel was then asked to examine
these data, to re-evaluate the authors' experimental design, data analysis, and interpretation of
experimental results, and to provide a written report, which would be distributed to the various
Subpanels to aid in their deliberations. The study investigators were also asked to submit
responses to 23 specific questions which were designed to help the Subpanels better understand
important features of each study. The investigators' responses to the 23 questions are
summarized in Appendix B.

Before we began our data evaluation, the Statistics Subpanel requested the assistance of experts
in the field to help prioritize the studies and variables for statistical analysis. The Organizing
Committee responded by identifying the specific variables that they wished for the Statistics
Subpanel to evaluate from each study, which often were simply all the data summarized in the
publication. The Organizing Committee then prioritized the studies in terms of the desired order
of data evaluation by the Statistics Subpanel. Our Subpanel is grateful to the various
investigators for their willingness to submit their raw data to us for re-evaluation.

The Chairman of the Statistics Subpanel (Joseph Haseman) assigned a primary statistical
evaluator for each study. To avoid the appearance of a conflict of interest, statisticians were
generally not assigned primary responsibility for studies in which they may have directly or
indirectly been involved. Thus, Haseman was not the primary evaluator of the data from Chapin
or Newbold (NIEHS scientists), nor from most of the NCTR Delclos studies (which had some
involvement with NIEHS scientists). Similarly, he did not have primary responsibility for two
studies - one from Ashby; the other from vom Saal - in which he was a coauthor of a manuscript
reporting study results. Ralph Kodell (NCTR) was not the primary statistical evaluator of the
Delclos studies. Richard Morris (through his association with Analytical Sciences, Inc.) had
indirect involvement with the Chapin studies. Neither of the other two statisticians had previous
direct or indirect involvement with any of the 58 studies.

There were several important limitations associated with our data evaluation. These included

(i)_large number of data sets - The final total of 58 studies for which data was requested was
approximately double the original estimate. The large number of studies (and the limited time
frame) made it impossible for us to evaluate all of the submitted data by the time of the October
meeting. We completed statistical analyses of 38 studies from twelve different investigators, and
these individual writeups are summarized in Appendix A. Importantly, the studies with




submitted data that we were unable to analyze (most notably the datasets of Newbold and
Chapin) should not be viewed as being flawed in any way. The primary reason for the lack of
statistical analysis was simply the lack of time, as is discussed below.

(i) limited time frame - Only two investigators submitted data by the original requested
submission date of August 4. Most datasets were received in late August or early September,
with one high priority data set being received as late as September 19. Since the Organizing
Committee also requested that the draft report of the Statistics Subpanel be distributed one week
prior to the October 10-12 meeting, that left only approximately 4-6 weeks for the Subpanel to
evaluate the available data and to prepare our report. The Statistics Subpanel felt that this was
insufficient time to evaluate the data as thoroughly as we would have liked.

(iii) incomplete documentation/submission of data - Our task was made more difficult in those
instances in which the only reference document was an Abstract rather than a full length
publication, The raw data submitted to us were not always clearly defined (especially in those
instances in which the data submission was in a non-English language), and we found it very
helpful to have full length publications with data summary tables to serve as a clear reference
point for our statistical analyses. In several studies, comparison of the raw data with the
published summary tables identified important errors in the raw data provided to us, which
required corrective measures in cooperation with study investigators. Moreover, certain key
investigators did not provide the Statistics Subpanel with all the data that were requested.

(iv) The focus of our analysis was on individual studies - The Statistics Subpanel did not have
the time to systematically compare and contrast results across different studies/investigators and
to speculate as to why similar or differing results were observed. While this is certainly an
important issue, our focus was primarily on the experimental design, data analysis, and
interpretation of experimental results of each individual study within the context of its own
experimental conditions. Consideration of the various statistical issues discussed in this report
and a detailed analysis of the responses to the 23 questions would be of value in any follow up
study that deals with the broader issue of comparing study outcomes of different investigators.

(v) statistics alone cannot resolve the low dose issue -No statistical analysis or set of statistical
analyses can totally resolve the basic scientific issue of whether or not biologically important low
dose effects truly exist. For example, chemical-related low dose effects may or may not be
"statistically significant,” but the scientific value of the statistical analyses that we provide is a
function of the quality of the data given to us, which is beyond our control. It was not possible
for the Statistics Subpanel to assess the validity or reliability of the data we received.

The purpose of this statistical reevaluation was to provide an independent assessment of the
experimental design and data analysis used in each of the studies and, perhaps even more
importantly, to identify and discuss key statistical issues relevant to all studies. Although the
assessment of individual studies is given in Appendix A, the main focus of this report will be on
important experimental design and data analysis issues that affect the evaluation and
interpretation of all endocrine disruptor studies. Such issues will be illustrated using examples
from the various studies that we evaluated.
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STATISTICAL APPROACH

The 38 studies that we evaluated used a variety of statistical methods. Recognizing that each
study had its own objectives, it was nevertheless decided that our evaluation would use a uniform
statistical approach that would be applied to all studies (see discussion of the choice of statistical
methodologies given below). Since the primary objective of most of these studies was to
determine if significant effects were present in selected dosed groups relative to controls,
pairwise comparisons were made by Dunnett's test. Analysis of Variance (ANOVA) was used to
account for specific design effects (e.g., replicate effects) in addition to dose effects. Linear
mixed-effects models were often employed using litter as a random effect and allowing for
responses from littermates to be correlated. In addition to accounting for litter effects and
replicate effects, we also used Analysis of Covariance (ANCOVA) in the evaluation of organ
weights to adjust for body weight differences among groups. Since low dose effects were of
interest, regression models (linear and quadratic) were also used to study dose-response trends.

When appropriate, a logarithmic transformation was used to eliminate heterogeneity of variances
across treatment groups. In those few instances in which heterogeneity could not be removed by
a log transformation, nonparametric techniques were used. The most common situation for
which we used nonparametric procedures was highly skewed data such as mammary gland
differentiation in which >90% of the responses were zeros. It would not have been appropriate
to use parametric methods in such instances.

Although a uniform statistical approach was used, we retained the flexibility of carrying out any
statistical analyses of the data that any individual statistical evaluator deemed to be appropriate.
More specific details on the statistical methods used in our analyses of each study is given in
Appendix A.

Each evaluator prepared a written report summarizing the results of his re-analysis of each study
for which he had primary responsibility. The Chairman of the Statistics Subpanel then merged
these writeups into a single report, which is included here as Appendix A. The primary
statistical evaluator for each study is also identified in Appendix A.

IMPORTANT STATISTICAL ISSUES

As noted earlier, this report will focus on important statistical issues that arise both in the areas
of experimental design and data analysis. These matters are discussed in more detail below.

I. Experimental Design Issues

A._Study sensitivity (power) - One important experimental design consideration is a
study's power, which is defined as the probability of detecting a treatment effect if it is present in
the data. Study sensitivity or power is influenced by a number of factors: (i) sample size; (ii) the
underlying variability of the data; (iii) the magnitude of the treatment effect that is present; and




(iv) the method of statistical analysis and the associated level of significance chosen.

Obviously, a larger study will generally have more power for detecting chemical-related effects
than a smaller study. Moreover, the interpretation that a study is "negative™ should be given
more weight when relatively large sample sizes are used. The number of animals per group
ranged from 3 to 179 in the studies that were re-evaluated, and this is a factor that must be
considered when comparing and interpreting study results.

Importantly, the effective sample size of a study is the number of independent sampling units.
Thus, if littermates are used and litter effects are present in the data, the effective sample size
becomes the number of litters, not the number of individual pups. This matter is discussed in
more detail below.

Although we would in general anticipate that larger group sizes would lead to greater statistical
power, this may not be realized if larger group sizes are obtained at the cost of introducing new
uncontrolled sources of variability. Reducing variability should be an important study objective,
and this can be achieved in a variety of ways. One is to identify and control those factors most
likely to produce variability in response. Selected sources of variability are discussed in more
detail below as general experimental design issues.

B. Replication - Reproducibility of experimental results is an important and necessary
feature of any scientific finding before it can be generally accepted as valid. There are several
types of replication, which are discussed below.

First, there is replication within an individual experiment. If multiple replications are used
within a study, then each experimental group should be represented in each replicate. In one
experiment we evaluated, three replicates were used, but the mid and high dose groups (which
had only three animals per group) were represented only once, and in different replicates.
Additionally, there were significant differences among the control groups in the three replicates,
although the study authors pooled these groups in their statistical analysis. This is not an ideal
experimental design or data analysis.

In another study we investigated, control and three dosed groups were each evaluated in separate
time frames, extending over a period of one year. The Statistics Subpanel felt that the lack of
concurrent controls was a serious deficiency of the experimental design that greatly limited the
general inferences that could be drawn from this study.

Another type of replication is the reproducibility of results among separate experiments within a
given laboratory. In one publication we evaluated, the investigator carried out eight similar
experiments with the same chemical, although these technically were not replicates, because
different dose levels of the test compound were used in some experiments. This investigator
found statistically positive effects on uterus weight in four experiments and no effect in the other
four experiments. The author concluded that his investigation had shown that even the same
investigator may be unable to repeat experimental findings, and we agree with this conclusion.

Perhaps the most important type of replication is reproducibility among different laboratories
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trying to confirm the findings of another laboratory. Among the data sets we evaluated, there
were several studies that attempted to duplicate the studies of other investigators. Some
confirmed the original results, but many did not. It is difficult to achieve exact reproducibility of
all aspects of an experimental design, and when conflicting results are obtained by different
investigators, one should try to identify study differences that could account for the contradictory
results. That is one reason that we requested answers to the 23 questions noted previously,
which we hoped would help identify the sources of variability that were most likely responsible
for certain findings not being replicated from study to study. Although the limited time available
to us did not permit a comprehensive analysis of this information and its impact (if any) on the
reproducibility of experimental outcomes from study to study, this is certainly an important
matter worthy of future study.

C. Litter effects - Using data from littermates is neither an inherently good or bad
experimental strategy, but if littermate data are to be used, it is essential that this source of
variability be taken into account in the statistical analysis. Some of the studies we evaluated
used littermates; others did not. However, in the studies that used littermates, there was
generally a significant "litter effect,” indicating that the pups within a litter were responding
more "alike" than pups from different litters. Failure to adjust for litter effects (e.g., to regard
littermates as independent observations and thus the individual pup as the basic experimental
unit) can greatly exaggerate the statistical significance of experimental findings.

One of the studies we evaluated carried out a simulation study in which they concluded that one
pup per litter experimental designs "should not be used when assessing effects on highly variable
organ weights and other reproductive endpoints,” since such a design results in "a substantial
percentage of incorrect conclusions about the presence or absence of treatment effects."
However, their simulation study and its conclusions were flawed for several reasons (see
Appendix A for more details).

For a fixed total number of litters, increasing the number of pups per litter will increase power
(will reduce the false negative rate), but it has no impact on the false positive rate. The false
positive rate associated with a particular statistical methodology is fixed by the selection of alpha
(typically 0.05). If the null hypothesis is true and there is no difference among the experimental
groups, then the p value (i.e., the actual false positive rate) should be essentially equal to alpha.

None of the authors' simulations indicated that the sampling strategy used (one, two or three
pups per litter) had any impact on what they regarded to be the false positive rate. Nevertheless,
the authors concluded that "the sampling of only one or two pups per litter" may have been a
"contributing factor" to the positive low dose effects observed by some investigators, effects that
were not confirmed by others who used more than two pups per litter. However, nothing in the
authors' paper supports their speculation that the significant low dose effects were merely false
positive outcomes resulting from the use of only one or two pups per litter.

Moreover, none of the authors' simulations actually assessed false positive rates in any case. A
simulation study should be based on comparing samples selected at random from underlying
populations. If the underlying populations are identical, then the simulations assess false
positive rates; if they are different, then the simulations assess false negative rates (power).
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The authors' simulations were based on comparisons of subsamples selected without replacement
from two (or more) finite samples with different observed mean responses. In those instances in
which the samples themselves were not statistically different, the authors considered the samples
to be identical, and then used them as populations in their simulation study. However, since the
samples (now regarded as populations) were in fact different, all of the authors' reported "false
positive rates” (based on the comparisons of subsamples selected from the nonidentical samples)
were in fact power calculations. Moreover, the use of small finite "populations™ greatly limits
the possible p values that could result from a multiple pup per litter sampling strategy.

Finally, the authors' recommendation to increase the number of pups per litter may be
misleading. If strong litter effects are present, then the gain in power (for a fixed total number of
pups) is best achieved by increasing the number of litters, not by increasing the number of pups
per litter. Why is this so? For data showing significant litter effects, the within group variation
is dominated by variation among dams resulting in high correlation among pups within dams.
Since the individual pups do not respond independently, the appropriate experimental unit is the
litter, not the individual pup.

For example, when significant litter effects are present, a study with dosed groups comprised of
20 pups will have more power if each of the 20 pups is from a separate litter rather than having
four pups from each of five litters. The false positive rates will be identical in both cases. Thus,
the authors' emphasis on increasing the number of pups per litter rather than increasing the
number of litters is misguided.

In an ANOVA-based statistical analysis, if littermates are used only within a single treatment
group, then litter is a nested factor. However, in some experimental designs, one pup from the
same litter may be assigned to each experimental group prior to treatment. In such instances,
litter is a crossed, not a nested factor. This distinction is important, since regarding crossed
factors as nested factors or vice versa in an ANOVA can result in a very misleading test.

Another potentially complicating "litter effect” is the location of the pup within the uterus (e.g.,
whether it is located between two males, between two females, or between one male and one
female). At least one investigator has data indicating that intra-uterine position can influence
certain biological responses. Thus, intra-uterine position is another potentially important source
of variability that must be considered by study investigators.

D. Potential investigator bias - To avoid the possibility of subtle bias, post-experimental
measurements on pups should be made without prior knowledge of whether they are from dosed
or control groups. In other contexts (e.g., histopathology evaluation), it has been argued that
control animals need to be examined in an unblinded fashion to identify what is "normal
variability" and only then can experimental groups be evaluated. The Statistics Subpanel does
not accept this argument (which is debatable even in other contexts), since the primary variables
of interest (organ weight; anogenital distance; sperm counts, etc.) are objective measures that do
not require prior knowledge of control values to be accurately assessed.

A closely related issue is the order of experimental evaluation. Here again, some have argued
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that the controls must be examined first to ascertain what is “normal variability.” The Statistics
Subpanel rejects this argument in the current context, and feels that dosed and control groups
should be examined "together" in a blinded fashion. While it may (or may not) be impractical to
use a completely randomized order of evaluation, at a minimum the experimental design should
ensure that there is no bias associated with a systematic ordering of the data evaluation.

Responses to the 23 questions by one of the laboratories revealed a potential problem in this area
(see Appendix B). This laboratory reported that they evaluated all the controls (unblinded) on
one day, followed by all the low dose animals on the next day, etc. In response to another
question, this lab indicated that within a day, a single technician looked at all the pups, but
different technicians might be used on different days. The potential bias in such a strategy
should be obvious.

Incidentally, each laboratory should avoid situations in which one technician or scientist is
responsible for generating data for the control group, while other technicians/scientists are
responsible for the dosed groups. Even if the technicians/scientists have been uniformly trained,
it is difficult to avoid differences among them, and there is no reason to have this potential
source of variability present in a well designed study.

E. Differing types of control groups - Some studies used both an untreated and a vehicle
control group to evaluate the possible effect of the test vehicle. In most studies it was not
expected that the vehicle would have an effect (an expectation that was generally confirmed),
and the control groups were subsequently pooled. We agree that the pooling of vehicle and
untreated control groups is reasonable if there is no evidence of a difference between them. If
there is any evidence of a possible vehicle effect, then the two control groups should not be
pooled, and the primary comparisons of interest should be relative to the vehicle control group.

F. Quality Control - A study's experimental design should include procedures to ensure
the accuracy of data recording/transcription. Although subsequent tests for outliers can identify
questionable data points, by that time it may be too late to know for certain the accuracy of such
values. In some studies we evaluated, there were organ weights that were ten fold or even 100
fold greater than the mean of the other values in the group, and yet these points were included in
the authors' data analysis.

There are also quality control issues with respect to the raw data provided to us for statistical
analysis. In two studies, the raw data provided to us had significant errors. In one case
(involving two different studies from the same investigator) multiple pups were mis-assigned to
litters, and multiple litters were mis-assigned to dosed groups. Another investigator
inadvertently omitted in his raw data submission entire blocks of data dealing with eight high
dose animals. These errors were detected (and corrected) only because we had access to
summary data in published papers for comparative purposes. For raw data submissions in which
the only reference information is an Abstract, such errors would likely have gone undetected.

I1. Data Analysis Issues

A. Choice of statistical methodology - There are many different statistical procedures that may
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be used in a given experimental setting. However, it must be recognized that these procedures
may have different objectives, make different underlying assumptions, and have different
degrees of protection against false positive and false negative outcomes. In this context, one
procedure is more "conservative" than another if it tends to have a lower false positive rate and a
correspondingly higher false negative rate. Balancing false positive and false negative rates in
the selection of statistical methodology is to some extent a matter of scientific judgement.

To take a specific example, for normally-distributed data for which the desired comparisons are
limited to dosed groups vs. controls, Dunnett's test is a widely used and appropriate test for this
purpose. This is the method of statistical analysis we elected to use, as noted above. Dunnett's
test controls the experiment-wide error rate by taking into account the multiple comparisons
being made, and thus is more appropriate than, for example, multiple applications of Student's t
test, which could result in an unacceptably high false positive rate. Williams has proposed a
modification to Dunnett's test that is appropriate if it is reasonable to assume a monotonic dose-
response, but because of the potential for "low-dose effects” not seen at higher doses (which
would invalidate the monotonicity assumption), we decided not to use the Williams procedure.

In our re-analysis, we found that even if two investigators choose the same test procedure, they
may apply it differently. For example, Dunnett's test is a "stand-alone" test that does not require
the statistical significance of an overall ANOVA to be valid. However, many investigators who
used Dunnett's test required statistical significance of an overall ANOVA before making
pairwise comparisons, a linkage that our Subpanel does not feel is necessary or appropriate.
Since the critical values for Dunnett's test were derived without consideration of an overall
ANOVA, requiring this additional significance may result in a slightly conservative test.
Specifically, there were a few instances in which our reanalysis found significant pairwise
differences by Dunnett's test that were not reported as significant by the study investigators who
themselves also used Dunnett's test. Such differences were apparently due to the extra
requirement of a significant overall ANOVA imposed on Dunnett's test by the study investigator.

If all possible pairwise comparisons are desired, then there are many multiple comparison tests
that could be used. For a comparison of certain of these methods, see Carmer and Swanson
(Journal of the American Statistical Association 68: 66-74, 1973) and Hochberg and Tamhane
(Multiple Comparison Procedures, John Wiley, New York, 1987). One such method is the
widely-used Fisher's (protected) Least Significant Difference (LSD) test, which, unlike Dunnett's
test, does require the significance of an overall ANOVA before pairwise comparisons can be
made, in order to control the experiment-wide error rate. The conditional pairwise comparisons
are then made by a statistic similar in form to Student's t test, but one that uses all the data to
estimate the underlying variability.

While the protected LSD test is a valid test that can be used for endocrine disruptor data
(depending upon study objectives), the overall ANOVA should not include the positive control
group or any group known a priori to produce a positive response. Otherwise, overall
significance would be virtually guaranteed, and the benefits of a preliminary ANOVA would be
lost. The result would likely be a test with an unacceptably high false positive rate. As a
practical matter, even if done correctly, the protected LSD is generally "more liberal" (i.e., more
prone to false positives, as discussed above) than certain alternative multiple comparisons
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procedures.

Three other examples of multiple comparison procedures for making all possible pairwise
comparisons are Duncan's Multiple Range Test, the Student-Neuwman-Keuls test, and Tukey's
HSD test. These procedures are widely used and in our judgement are acceptable tests for the
evaluation of endocrine disruptor data in those instances in which all possible pairwise
comparisons are of interest.

There was also some possible confusion regarding the use of Jonckheere's test, a very useful
nonparametric trend test. One investigator implied that it was a test for linear trend, but since it
is a nonparametric test, it assumes no specific shape of the dose-response curve, and is simply a
test for a monotonic (i.e., non-increasing or non-decreasing) trend. Another investigator used
Jonckheere's test as the sole method of statistical analysis. The disadvantage of this approach is
that non-monotonic dose-response trends (e.g., U-shaped or inverted U-shaped dose response
curves with significant low dose effects) would probably not be detected by Jonckheere's test.
The data that we evaluated confirmed this.

Although there are many advantages to tests that assume underlying normality (ANOVA,
Dunnett's test etc.), an investigator must be aware of situations in which the data are extremely
skewed, which would invalidate a normal theory-based approach. For example, one investigator
assessed mammary gland differentiation (number of structures per squared mm of mammary
gland) and reported a highly significant (p<0.01) effect of DES by Student' t test. What this
investigator apparently failed to realize was that 39 of the 40 animals in the various dosed and
control groups had a zero response. The one single positive response in the DES group was
solely responsible for the apparent statistical significance. For such highly skewed data we
prefer a nonparametric approach, which clearly (and correctly in our view) would find no
statistical significance associated with a single positive response.

Some investigators used a Bonferonni correction to the p values when making pairwise
comparisons, which in essence divides the nominal significance level alpha by the number of
groups being compared. While there is nothing inherently "wrong" with such an approach, it is a
rather conservative procedure, that will have a relatively high false negative rate. Such an
approach should be unnecessary if an investigator uses one of the multiple comparison
procedures discussed above or when the significance of an overall test is required to ensure that
the proper experiment-wide error rate is maintained.

It is not our purpose to specify a methodology that must be used for the statistical analysis of
endocrine disruptor data. Our main points are that if pairwise comparisons are of interest, then
(i) a valid multiple comparisons test should be used; (ii) the choice of a specific multiple
comparisons test should depend upon study objectives; (iii) if a parametric test is to be used, the
investigator should evaluate whether the data are consistent with the underlying assumption of
normality; and (iv) among the valid multiple comparison procedures, some are inherently more
conservative than others. An investigator should maintain an awareness of these matters when
choosing a method of statistical analysis.

B. Heterogeneity of the data - Virtually all of the procedures that assume an underlying normal
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distribution (ANOVA, Dunnett's test, etc.) also assume homogeneity of variance, that is, within-
group variability is constant across all groups. Occasionally, a simple transformation (e.g., a
logarithmic transformation) can eliminate heterogeneity. Although the use of ANOVA-based
procedures is not invalidated by modest variance heterogeneity, if the heterogeneity is extreme,
even after a data transformation, then alternative nonparametric methods should be considered.
Significant heterogeneity may also indicate the presence of an outlier in one or more of the test
groups that must be dealt with.

Apparent failure to recognize heterogeneity was a common feature in many of the data sets we
evaluated, and this occasionally led to unusual results. To take an extreme example, one
investigator reported that by Dunn's test (a valid nonparametric alternative to Dunnett's test), the
ovary/body weight ratio was significantly increased in a dosed group relative to controls. The
author based this interpretation on the fact that the mean dosed group response exceeded the
mean control response and that Dunn's test indicated statistical significance.

What this investigator failed to recognize was that the dosed group contained a single ovary
weight that was approximately ten times the value of the group mean (we strongly suspect a
decimal point error in this value, but the investigator was unable to confirm this). As a result,
although the mean response was indeed slightly elevated in the dosed group relative to controls,
the preponderance of the individual animal data showed the opposite trend, and Dunn's test
(which was apparently carried out correctly) actually identified a statistically significant
DECREASE, not a significant increase, in the organ/body weight ratio in the dosed group.
Awareness of the heterogeneity problem may have prompted a more detailed examination of the
individual animal data and avoided this problem.

As noted earlier in this report, good quality control of the data will often help eliminate
heterogeneity. In the studies we evaluated, some investigators appeared to carry out a more
careful data inspection than others. One of the data outliers not identified by the study
investigators was noted above. As another example, in one study an observed seminal vesicle
weight was reported to be 1.0195 (more than four times the testis weight of that animal), while
the seminal vesicle weights of the other 79 animals in that particular dosed group ranged from
0.0063 to 0.05331. We strongly suspect that the 1.0195 value is a typographical error, with the
correct value being 100-fold less: 0.010195. An appeal to the original lab book may be required
to resolve such unusual observations. Even if the value is "real” then as a minimum it should be
identified as a statistical outlier. The presence of such outliers in the data can have a dramatic
impact on study results.

While many of the datasets we evaluated had significant variance heterogeneity, a simple log
transformation was generally successful in eliminating this heterogeneity. Ignoring
heterogeneity and carrying out ANOVA-based tests and pairwise comparisons can produce false
negative outcomes, with the group showing the excessive variability unduly inflating the error
term. However, false positive outcomes can also occur if the cause of the heterogeneity is
improper randomization. Thus, we recommend that an investigator take appropriate measures to
ensure that heterogeneity of variance is not a problem in his or her study. Possible measures
include (i) a preliminary test for heterogeneity (e.g., Levene's test); (ii) a simple data
transformation (e.g., a logarithmic transformation) to eliminate significant heterogeneity or
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alternatively, a nonparametric analysis of the data; and (iii) a statistical procedure to identify
potential outliers in the data.

C. Adjusting organ weight for body weight - There is one statistical issue that is especially
relevant for endocrine disruptor data: How to take body weight differences into account when
assessing possible changes in organ weight. The possible strategies include

(i) no adjustment - This may be satisfactory if organ weight is independent of body weight, but
for many organ weights, this is not the case.

(ii) organ/body weight ratio - While this method of adjustment is commonly used, and may be
reasonable in many instances, it makes a specific assumption about the relationship between
organ and body weight, namely, that it is directly proportional. In other words, an animal twice
the size of another should have organ weights twice the size as well. While this may seem
logical, our experience indicates that this relationship does not hold for many organs, and that the
organ/body weight ratio tends to "over-adjust” organ weight for the impact of body weight.

(iii) using body weight as a covariable - This is the approach that we prefer and have adopted
in our re-analysis. This approach lets the data determine the linear relationship between organ
weight and body weight and make the appropriate adjustment. We found that in some studies,
organ and body weights were essentially independent, and thus no adjustment was needed.
Rarely, the relationship between body and organ weight appeared to be directly proportional.
Most commonly, there was a significant positive association, but the "adjustment™ was less than
that imposed by the organ to body weight ratio. In one study (unique in our experience), uterus
weight actually showed a significant (p<0.01) negative correlation with body weight, even within
the experimental groups. The biological significance of this negative correlation is unclear.

Using body weight as a covariable is not without potential difficulties, especially when the test
chemical affects both organ and body weight. Technically, in an ANCOVA, the covariable
should be independent of treatment. If the test chemical affects both body weight and organ
weight, then it may be difficult to disentangle the effects of body weight and the effects of
treatment on organ weight, as is discussed in more detail below.

Moreover, ANCOVA analyses generally assume that the effect of the covariate is the same for
all dose levels. This is usually assessed with a test for the possible interaction between the
covariate (body weight in our analysis) and the treatment/factor of interest - chemical dose.
Significant interactions between body weight and treatment were observed in certain of our
analyses. This implies that the effect of body weight was not the same for all dose levels of the
test chemical. This clearly complicates the evaluation of experimental results.

To take a specific example of the possible problems associated with a study in which the test
chemical affects both organ and body weight, consider Figures 1 and 2, taken from one of the
datasets we evaluated. In this study all three animals in the top dose group had very low body
weights and extremely low testis weights relative to the other animals. A regression line through
the origin (consistent with the use of the organ/body weight ratio) resulted in the testis weights of
all three high dose animals falling below the regression line, implying a reduced testis/body
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weight ratio in this group. That was indeed the conclusion of the original investigator.

However, when the regression line is not forced through the origin, the best fitting regression
line closely fits the high dose data (Figure 2). This suggests that body weight alone (without
consideration of treatment) could have accounted for the reduced testis weights observed. That
is, the high dose animals may have had testis weights that were normal for control animals of
comparable size.

This example, and others like it, illustrate that when the test chemical reduces both organ weight
and body weight, the relative impact of the test chemical and reduced body weight on organ
weight may become confounded. If a chemical reduces organ weight by simply making an
animal smaller, then this is inherently different from a study in which a chemical has a direct
effect on organ weight. However, often these two outcomes are indistinguishable. An
investigator must maintain an awareness of this when interpreting organ weight changes using an
ANCOVA (or any other) approach.

Figure 3 illustrates another potential difficulty using ANCOVA. In this instance (ignoring the
test chemical), there appears to be a negative association between uterus weight and body
weight, with the heavier DES animals having a reduced uterus weight relative to controls.
However, a closer examination of the data reveals that within the DES and control groups, there
is no significant association between uterus weight and body weight. This suggests that the
effects of DES are to increase body weight, and, independently, to decrease uterus weight.
Thus, despite the apparent negative overall association between body weight and uterus weight
in Figure 3, these two variables appear to be independent within the DES and control groups, so
no adjustment for body weight may be needed.

When body weight is used as a covariable, an investigator must be aware of the influence of
body weight on organ weight both before and after adjusting for the effect of the test chemical.
This association may not be as straightforward as would initially appear. This example, like the
previous one, illustrates the possible interpretational difficulties associated with a chemical that
affects both body and organ weight.

D. Regression vs. ANOVA - Regression models relate responses to some function of dose,
while ANOVA models essentially view the dose levels categorically. Thus, if there is an
underlying pattern of dose-response, the regression models will be more sensitive to detecting
these trends than a more omnibus ANOVA. For this reason, our analyses frequently examined
the data for linear and quadratic trends. A quadratic pattern becomes especially important if non-
monotonic dose-response patterns are possible when considering endocrine disrupting
compounds.

E. Biological Interpretation - Not all endpoints exhibiting statistically significant treatment
effects provide evidence of biologically important responses. When the treatment effect is real
but the magnitude of response is small or the nature of change is not interpretable as an "adverse"
response, biological interpretation may overrule statistical significance. However, for these
particular studies, the Organizing Committee indicated to us that the various Subpanels were
interested only in evaluating biological change, without passing judgement on whether or not
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these responses are "adverse."

Some isolated treatment effects that cannot be replicated under identical conditions may be false
positives, with their rate depending upon the chosen level of significance. As with true positives,
interpretation of false positives is a matter for scientific judgement of the investigator and lies
outside the realm of statistical analysis.

On the other hand, endpoints not exhibiting statistically significant treatment effects may
nevertheless be affected by treatment in potentially important ways. When endpoints responding
to treatment are mistakenly overlooked, it may compromise the value of a study. The extent to
which this can occur is embodied in the concept of statistical power, which is discussed earlier in
this report.

F. Data Selectivity - There are several valid reasons for discarding data in a given experimental
setting. For example, there may have been a technical problem in the execution of the study
and/or the measurement of the variables of interest that rendered the data of little or no scientific
value. Alternatively, there may have been a statistical outlier in a given group that was
discarded. Another example may be a study in which the positive control does not produce the
expected positive response. The prudent course of action in such cases may be to declare the
study inadequate and repeat it, regardless of the experimental outcome in the test groups.

However, data should not be discarded simply because the test groups did not produce the
expected (or desired) response. Similarly, if several replicates are used, it is not appropriate to
report only the one(s) producing the strongest (or weakest) response. The scientific principal is
that the data evaluation and reporting of study outcomes should be evenhanded, and that there
should be no selective reporting of experimental results. One of the 23 questions dealt with this
matter. No investigators reported data selectivity that would have materially affected their
conclusions.

I11. Investigator responses to the 23 Questions (Appendix B)

Answers to 23 questions regarding study design and study conditions were requested for 58
studies. Responses were received for 42 studies. Since many studies were done in the same
laboratories, these responses cannot be viewed as a representative sample of some larger
population of laboratories. Nevertheless, a summary of some features of these studies does
provide a useful indication of the variety of methods, materials, and procedures used to generate
the data under review.

Although studies of both rats and mice are represented, more studies used rats than mice and
some studies used both species. Of the 42 studies reporting, 24 used Sprague Dawley (CD) rats,
5 used Alderley Park rats, and the remainder used Fischer 344, Noble, Han-Wistar, or special in-
house strains. Among 18 studies using mice, 8 used CD-1 mice, 5 used CF-1 mice, and the
remainder used a variety of different strains.

Individual housing for breeding pairs and dams with litters was common to all studies. Housing
for weanlings, however, was split, with 28 studies employing multiple housing, usually with
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littermates separated by sex caged together, and 14 studies reporting individual housing.

The variety of experimental objectives is reflected in a mixture of protocols.

Some studies culled litters while others did not, some studies used littermates while others
randomly selected a single pup per litter, and some studies included more than one replicate of
dose groups, but most did not. Although nearly all studies used a 12 hour light-dark regime,
bedding and caging varied among laboratories in no easily characterized way. One aspect of
protocol that differed among studies was whether actual dose formulations employed were tested
for concentration of experimental substance. Of the 42 respondents, 17 included some
measurement of dose formulations and 25 did not. Nearly all studies had concurrent control
groups and many employed some form of blinding with respect to treatment during necropsy or
other data collection.

Although the limited time frame did not permit an in depth assessment of the 23 questions, the
Statistics Subpanel believes that this useful information (given in Appendix B) should be given
careful consideration by each of the Subpanels.

FINAL COMMENTS

This report intentionally did not have any "bottom line conclusion” regarding the presence or
absence of low dose endocrine disruptor effects. As noted earlier, that was not our objective.
We are hopeful that the various Subpanels can examine this report, the data evaluations in
Appendix A, the answers to the 23 questions for each study given in Appendix B, and other
relevant biological information and reach their own conclusions on whether or not endocrine
disruptors are causing low dose effects. For the interested readers, the data used in these
analyses are being made available separately from this report.

ACKNOWLEDGEMENT: The Statistics Subpanel is grateful to Kevin McGowan of Analytical
Sciences Inc. for the long hours he spent preparing the data sets we received in a uniform format
that made our statistical analysis much easier. As noted previously, we are also grateful to the
various investigators for their willingness to submit their raw data to us for re-evaluation.
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Figure 1 - Relationship between testis weight and body weight for a selected dataset (ignoring
treatment group). Line is the best fitting regression line, restricted to passing through the origin,
which is consistent with the use of testis/body weight ratios. Since the three high dose data
points fall below the line, this is the consistent with the authors' conclusion that the testis/body
weight ratio is significantly reduced in the high dose group relative to controls.

Figure 2 - Relationship between testis weight and body weight for the same selected dataset
(ignoring treatment group). Line is the best fitting unrestricted regression line, which fits the
high dose data points very well. This analysis suggests that the lower testis weights in the three
high dose animals could very easily be the weights expected in control animals of equivalent
size.

Figure 3 - Relationship between uterus weight and body weight for a selected dataset. Ignoring

dose, there appears to be a negative correlation between uterus weight and body weight.
However within both the DES and control groups, there is no significant correlation.
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Chapter 6:
Report of the Dose-Response Modeling Subpanel

Chair:
Michael Kohn, National Institute of Environmental Health Sciences

Panelists:

Hugh Barton, U.S. Environmental Protection Agency

Jim Cogliano, U.S. Environmental Protection Agency

Rory Conolly, Chemical Industry Institute of Toxicology

Robert Delongchamp, National Center for Toxicological Research
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Dose-response profiles can exhibit a variety of curve shapes, including rectangular
hyperbolic, sigmoidal (e.g. a Hill exponent greater than 1), and U-shaped (either concave
upwards or convex upwards). A U-shaped dose—response curve can reflect either stimulatory or
inhibitory effects on the biological end point, depending on the mechanistic role of the plotted
variable. Models of different biological systems support linear or non-linear responses at low
doses for receptor-mediated processes, depending on how the model represents regulation of
those processes. The shape at low doses similar to those expected to be achieved from
environmental exposures can have important consequences for estimates of the risk of adverse
health effects due to such exposure.

This sub-panel explored a number of mechanisms to identify factors that influence the curve
shape. Although this work does not examine all possible mechanisms, it does demonstrate that
the choice of mechanism and the numerical values of the constants (parameters) in the resulting
equations have a major effect on the predicted dose—response These insights can guide the design
of experiments to address unresolved issues and can help validate assumptions made in the risk
assessment process.

Michael Kohn, NIEHS

A theoretical model of competition between a weakly estrogenic xenobiotic compound and
endogenous estrogen was constructed in the SCoP language. The model presumes that the
compound achieves a steady state in the target tissue, binds to the estrogen receptor, and that the
effect is proportional to the fraction of DNA binding sites occupied by the liganded receptor. The
variables and initial conditions in this model are: R = estrogen receptor, R(0) = 1; E, = estradiol,
E2(0) = 0.1; X = xenobiotic agent; ERE = estrogen responsive element, ERE(0) = 1.

R+ E2 = R.EZ KE =0.03

ERE + R*E, === ERER‘E, Kge = 0.02
R+X = R<«X Ky =10
ERE + ReX == ERE*R<X Krx =5

The above chemical equations were converted into differential equations using the law of mass
action, and the differential equations were integrated from time = 0 to time = 10 to evaluate the
steady state corresponding to the imposed constant concentration of X. The effect (ERE*R°E; +
ERE<R<X) was calculated for various concentrations of the xenobiotic agent (Fig. 1).
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Fig. 1. Dose—response profiles for estrogen receptor-mediated effects.

The model produced an inverted U-shaped dose—response curve. This behavior results from
the assumption that there is an excess of receptors so that the endogenous ligand E, is not
saturating. At modest concentrations of X more receptors are liganded and the effect is increased.
At high concentrations of X the xenobiotic agent out-competes E, for R and, because Ky, >> K,
the effect is reduced. Raising the affinity of the ERE for ReX ten-fold (K, =0.5) caused X to
behave like a pure agonist. Lowering the affinity ten-fold (K, = 50) resulted in pure

antagonistic behavior. Similar changes to Ky did not alter the qualitative behavior of the model.
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Fig. 2. Damping of the dose—response by feedback inhibition of receptor binding.

Equations for the estrogen receptor-mediated production of a gene product (P) were added to
the model of an endocrine active compound. Both E, and X were assumed to be effective
inducers of P. Linear kinetics were assumed for synthesis and degradation of the gene product
(equation 1).

dP/dt = Kyypess - (ERE*RCE, + ERE*R*X) - Kyegrare~ P D
Kyynthesis = 5
Kiegase = 1
Also, the product P was assumed to interfere with binding of the liganded receptor (ReE, or ReX)
to response elements. The effective binding constant for the liganded receptor is
Kap = Kr " (1+ P/K) (2
where Ky, is either K or K, and K; is the dissociation constant of the protein-DNA complex.

With K; = 0.5 and all other parameters set to their nomina values as given above, inhibition of
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binding of liganded receptor according to equation 2 significantly damps the effect of the
xenobiotic agent (Fig. 2).

To demonstrate the invariance of the qualitative features of this model, different values for
theinitial conditions were used. For example, the concentration of the ERE was reduced from
1.0 to 0.2 while maintaining a sub-saturating level E,. Parameter values could still be found that
predicted the xenobiotic agent to be either a pure agonist, a pure antagonist, or producing an
inverted U-shaped dose-response, indicating that this result depends solely on the existence of
spare receptors. The robustness of this prediction illustrates the plausibility of non-linear
response profiles, in particular, the inverted U shape, arising from receptor-mediated processes.

Itislikely that only some of the EREs mediate the specific responses induced by the
xenobiotic compound. Another variant of this model was constructed; there were two classes of
ERE which differed in their affinities for liganded receptor. It was assumed that thereis four
times as much of the lower affinity response elements as the higher affinity response elements.
Regardless of which class of ERE (or both) was treated as mediating the response the same
behavior was predicted as for the nominal model. That is, it was possible to find parameter
values for which the xenobiotic acts as a pure agonist, a pure antagonist, or a“mixed agonist”
that produces an inverted U-shaped response. These results indicate that quantitative aspects of

the mechanistic description are crucial to reliably predict responses to exposures to a toxicant.

Rory Conally, CIIT

The above SCoP model was reproduced in MATLAB and gave the same results (Fig. 3). The
inverted U-shaped dose-response curve arises when the binding capacity of the ERE is
sufficiently large that the endogenous ligand (E,), when complexed with its receptor (R°E,),
can't fill up the ERE (i.e., the amount of ERE is greater than the amount of R*E,). The inverted
U behavior in Figure 3 arises when ERE and R have values of 1 and E, has avalue of 0.2. When
E, isset to 1.0 the inverted U behavior disappears.
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Fig. 3. MATLAB reproduction of Kohn’s SCoP model.

The nominal model assumes that the xenobiotic is supplied at arate sufficient to maintain a
steady state in the target tissue. Saturable metabolism of the xenobiotic was added to the model
such that a bolus dose of X is gradually depleted over the 10-unit time interval. The most
dramatic effect (Fig. 4) occurs for the case where the xenobiotic has high affinity for the ERE, so
that it acts like afull agonist although the response predicted by the nominal model is aso
steeper. Comparison of the high affinity plotsin Figs. 3 and 4 shows that including metabolic
clearance can greatly increase the sigmoidicity of the dose-response curve and demonstrates the

importance of pharmacokinetics to the response produced.



Dose-Response for Various ERE Affinities
with Saturable Metabolism of the Xenobioti ¢

09 = o
os e Vmax =5
' Km =1
07 =
06 — Nominal model
""" High affinity for ERE
05 fe ——- Low affinity for ERE
3]
(0] 04 = L
=
L
03 P
0.2 — /\ .
01 = o
0=
01 '_ [ ] [ | ] ] | ] [ ] [ | ] ] ]
10° 10 10 10* 10° 10 10 °

Concentration of Xenobiotic
Fig. 4. Dose-response behaviors with saturable metabolism of the xenobiotic.

Hugh Barton, US EPA

Models have been published that illustrate how biological regulatory processes can create
different dose—response behaviors. Two endocrine-related ones are briefly summarized here. In
addition, a recent review paper on modeling of gene networks is briefly described. This paper
suggests that other biological literature outside toxicology must be considered for evaluating
dose-response of endocrine active compounds.
1. Male Central Axis Modeling

A simplified model of the male central axis was constructed with production of testosterone
in the testes, the unusual blood flow shunt in the testicular blood supply, negative feedback of
testosterone on lutein (LH) production, positive feedback of LH on testicular testosterone
production, and clearance of testosterone and LH from the peripheral blood (Barton and
Andersen, 1998). The model was parameterized for a 70-day-old intact male rat (300 g). It
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simulates reasonable physiological steady state values of testosterone in the interstitial fluid, the

spermatic cord venous blood, and the peripheral blood and of LH in peripheral blood.
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Fig. 5: Simulated testosterone concentrations in interstitial fluid (1F), spermatic cord venous
blood (SVB), and peripheralblood (PB) of intact rats.

Silastic implants with testosterone are often used experimentally to dose continually for an
extended period. Implants were modeled as dosing continuously directly into the peripheral
blood. A dose—response for implants was run for nine doses between 10 and 100,000 (arbitrary
units). The resulting concentrations of testosterone and LH are plotted in Figures 5 and 6. A U-
shaped dose—response occurs for interstitial fluid (IF) and, to alesser degree, for spermatic cord
venous blood (SVB). Though it is not observable in the plot, peripheral blood (PB)
concentrations increase very slightly for 10-300 implants due to the homeostatic negative

feedback.
Astheimplants raise testosterone in peripheral blood and shut down LH production (Fig. 6),
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Fig. 6: Simulated LH Concentration in Peripheral Blood (PB) of Intact Rats

peripheral testosterone concentrations increase proportionately with the implants. At high
concentrations this can restore testicular testosterone to normal levels, but now the peripheral
blood concentrations are extremely high compared to normal. The large gradient in testosterone
concentrations is created by rapid synthesis in the testes and the unique shunt blood flow to that
organ.

This process is mimicked by decreasing and then increasing spermatogenesis observed in
studiesin Ewing’ s laboratory at John’s Hopkins. The system creates this behavior because the
brain/pituitary production of LH responds to peripheral testosterone concentrations
(approximately 2 ng/ml or 8 nM), while the testes respond to interstitial fluid concentrations of
approximately 90 ng/ml or 307 nM. Note that the androgen receptor K, isroughly 1 nM, so
testicular receptors are fully occupied and receptor concentration would be limiting whereas
testosterone concentration would be limiting in the brain.

Absent the feedback relationship in the brain, the slight increase in circul ating testosterone
from silastic implants would increase testicular concentrations too slightly to have much effect

on testicular functions such as spermatogenesis. Given that there is feedback, adding low
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exogenous testosterone decreased LH and consequently testicular testosterone synthesis, so the
direct effectsin the brain are the critical factors. Thus, increasing peripheral blood concentrations
alters brain responses at levels that would have no direct impact on testicular function.

2. Positive-Feedback Regulation of Receptor and Ligand Synthesizing Enzymes

Theoretical models that capture the essential behavior of biological regulatory systemsin a
wide range of species were developed to explore the role of positive feedback on levels of
receptor and on synthesis of high-affinity ligands for those receptors (Andersen and Barton,
1998). These models display rectangular hyperbolic behavior absent feedback and increasingly
non-linear monotonic behaviors due to the operation of the positive feedback, thus essentially
switching the system from one state to another.

These models can al'so show hysteresis, i.e. the dose—response curves can differ depending
upon the prior exposures. For example, if ligand exposures increase, inducing the receptor, when
ligand levels subsequently drop to their original values, the increased receptor levels (the
receptor isonly slowly degraded) will result in higher ligand—receptor complex levels and thus
greater response. The hysteresis will be observable in areas of the dose response curve where
receptor concentration is limiting. A similar effect would be anticipated if you had down-
regulation of the receptor (e.g. starting with a high dose that down-regulated a receptor, greatly
reducing the dose, and then returning to higher doses could give different dose—responses on the
way down and up). Thus, the response with dropping ligand concentrations can be shifted
compared to response with increasing concentrations.

3. Modeling Gene Networks

Owing to the recent availability of genomic information and new experimental and analytical
genomic methodologies, there is currently much modeling of genetic networks. Modeling efforts
have included Boolean logic, continuous differential equations, and hybrid descriptions (Smolen
et al. 1999). These modeling efforts have reported multiple stable states, oscillating systems, and
other behaviors. The convergence of these efforts and the interest in chemically induced
perturbations of biological regulatory systems could be very useful to the field of toxicology and
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dose—response analysis. Efforts to bring these research areas together could be very beneficial.
References
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Robert Del. ongchamps, NCTR

NCTR measured the volume of the sexually dimorphic nucleus (SDN, asmall areain the
brain) as part of the NTP studies of endocrine disrupters. Studies of nonylphenol, genistein,
ethinylestradiol and vinclozolin have been completed. The first three are estrogenic, and
vinclozolin is an anti-androgen. The estrogenic compounds affected the SDN volume of male
rats.

Suppose that several chemicals induce a response through a common physiological pathway
such that the only difference in the respective dose-responses is attributable to the relative
potency of the chemicals, r .. That is, the dose—response for this set of chemicals, C , can be
written asR(d | ¢) = R(r.d ) forany ci C . Thistype of relationship appears to describe the
dose response of SDN volume in male rats exposed to three estrogenic chemicals,
ethinylestradiol, genistein, and nonylphenal.

The model, which wasfit to the data (Fig. 6), is composed of two Michaelis-Menten-like
relationships. Suppose that the response for areference chemical follows the Michaelis-Menten
relationship, then

R(d) = €)

Likewise, if aresponse decreased in proportion to the binding implied by equation (3), then the
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response would follow the relationship,

R(d) xV - yd
k+d
(C))
K
Ck+d
The scatter plot of the observations suggest that two components describe the data, i.e.,
R(dle) = S 2oed ®)

]q + pc kZ + pcd

The optimal parameter values and statistics of the fit to data obtained using equation 5 are:

k,=23.95,V, =78.4
k, =630.8,V, =86.7

SOURCE DF SS MS F P

Model 5 27746.1 5549.22 8.04 0.00001
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Fig. 6A. Effect of ethynlestradiol on SDN volume.
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Figures 6A—C illustrate the fit of equation 5 to the dose-response data for three estrogenic
compounds. Nonylphenol was used as the reference chemical. A dose of 1 ppm of
ethinylestradiol has arelative potency that is 1726 times greater than 1 ppm of nonylphenol, and
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ppm of genistein has arelative potency that is 1.76 times greater than 1 ppm of nonylphenol. The
model gives a significant reduction in the residual (p = 0.00001) relative to a constant mean, and
it does not have a significant lack of fit (p = 0.15) relative to the pooled within-dose chemical
variation.

James Cogliano, US EPA

M echanism-based models hold the promise to improve the credibility of arisk assessment’s
predictions at environmental doses. The use of mechanistic datain risk assessment is the major
focus of EPA's proposed cancer guidelines (EPA 1996, 1999), and these guidelines can be
viewed as a framework for harmonizing future assessments for cancer and other effects. These
guidelines discuss how understanding of mechanism follows from identification of key events,
which are empirically observable precursor steps that are either a necessary part of the
mechanism or a marker for one.

The most credible mechanism-based models will, therefore, have parameters that reflect the
key events of the mechanism, and these parameters will be directly estimated from experimental
data. (Thisis possible because key events are observable steps in the mechanism.) Without direct
estimation of parameters from experimental data, the model would be only another curve-fitted
model whose parameters have a possible mechanistic explanation, but there would be little
confidence that the model was appropriate.

Confidence in the model is akey requirement in models that are used to support public health
decisions, as public health officials ask for risk assessments that help them assure protection of
susceptible populations. Thisillustrates how the application of amodel can influence the level of
confidence that is required. For example, models with little experimental support can be
appropriate to describe a hypothesized mechanism and provide a structure for collecting data and
testing the hypothesis. Such models, however, would be premature for use in risk assessment, as
public health decisions require more assurance that the model would not understate health risks
to susceptible populations.

While much has been discussed about the role of mechanistic datain risk assessment to
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assess the relevance of laboratory animal results to human environmental exposures, mechanistic
data can also be used in models to:

* Provideinsight into the likely shape of the dose—response curve at low doses,

* Quantify the relative sensitivity of laboratory animals and human populations,

» Estimate differential risks to sensitive populations.

Thislast point leads to the importance of human variation as it affects the shape of the
dose—response curve. Human variation is a determinant of the shape of the dose—response curve
for apopulation, and it can differ from the dose—response curve for an individual. In a human
population, genetic and lifestyle factors contribute to variation in sensitivity that spreads the
dose—response curve over awider range (Lutz 1990). Consequently, data on the variation of key
parameters across the human population is needed for confidence that a mechanism-based model
reflects the potential for risk to different populations.

References

Lutz WK (1990) Dose-response relationship and low dose extrapolation in chemical
carcinogenesis. Carcinogenesis 11(8): 1243-1247.

U.S. Environmental Protection Agency (1996) Proposed guidelines for carcinogen risk
assessment; notice. Federa Register 61(79): 17960-18011.

U.S. Environmental Protection Agency (1999) Guidelines for carcinogen risk assessment.
Washington: U.S. EPA, NCEA-F-0644, review draft.

6-15



Appendix A:
Detailed Evaluations of Individual Studies
| ndex

ASHBY DATASETS

1. Ashby, J.,, H. Tinwell, et al. (1999). "Lack of effects for low dose levels of bisphenol A and
diethylstilbestrol on the prostate gland of CF1 mice exposed in utero." Regulatory Toxicology
and Pharmacology 30: 156-166. [KP] [PAGE A-6]

2. Ashby, J., H. Tinwell, et a. (2000). "Current issues in Mutation Research. DNA adducts,
estrogenicity and rodent diets." Mutation Research (in press).

3. Ashby, J., H. Tinwell, et al. (2000). "Uterotrophic activity of a"phytoestrogen-free" rat diet.”
Environmental Health Perspectives

108(1): A12-A13. [JH] [PAGE A-9]

4. Ashby, J., H. Tinwell. (2000). "Activity of bisphenol A in pregnant SD and Alpk rats:
preliminary data." (Unpublished Abstract). [JH] [PAGE A-11]

5. Odum, J., P. A. Lefevre, et a. (1997). "The rodent uterotrophic assay: critical protocol
features, studies with nonylphenols and comparison with a yeast estrogenicity assay.” Regulatory
Toxicology and Pharmacology 25: 176-188. [JH] [PAGE A-12]

6. Odum, J. and J. Ashby (1999). "Neonatal exposure of male rats to nonylphenol has no effect
on the reproductive tract." Toxicological Science (in press). [JH] [PAGE A-15]

7. Odum, J., I. T. G. Pyrah, et a. (1999). "Comparative activities of p-nonylphenol and
diethylstilbestrol in noble rat mammary gland and uterotrophic assays.” Regulatory Toxicology
and Pharmacology 29: 184-195. [JH] [PAGE A-16]

8. Odum, J., I. T. G. Pyrah, et a. (1999). "Effects of p-nonylphenol and diethylstilbestrol on the
alderley park rat: comparison of mammary gland and uterus sensitivity following oral gavage or
implanted mini-pumps.” Journal of Applied Toxicology 19: 367-378. [JH] [PAGE A-19]

9. Tinwell, H., R. Joiner, et al. (2000). "Uterotrophic activity of bisphenol A in theimmature
mouse." Regulatory Toxicology and Pharmacology (in press). [JH] [PAGE A-22]

DELCLOSDATASETS

1. Delclos, K. B., T. J. Bucci, et a. (2000). "Effects of dietary genistein exposure during
development on male and female CD rats." In prep (Unpublished Abstract). [JB] [PAGE A-24]

2. Delclos, K. B., J. R. Latendresse, et a. (2000). "Effects of dietary ethinyl estradiol exposure
during development on male and female CD rats." In prep (Unpublished Abstract). [JB] [PAGE

A-1



A-25]

3. Delclos, K. B., J. R. Latendresse, et al. (2000). "Effects of dietary p-nonylphenol exposure
during development on male and female CD rats." In prep (Unpublished Abstract). [JB] [PAGE
A-27]

4. Germolec, D. R., J. A. Munson, et al. (2000). "Immunotoxicity of genistein in male and
female Sprague Dawley rats." (Unpublished Final Report). [JH] [PAGE A-28]

5. Germolec, D. R., J. A. Munson, et a. (2000). "Immunotoxicity of methoxychlor in male and
female Sprague Dawley rats." (Unpublished Final Report). [JH] [PAGE A-30]

6. Germolec, D. R., J. A. Munson, et a. (2000). "Immunotoxicity of nonylphenol in male and
female Sprague Dawley rats." (Unpublished Final Report). [JH] [PAGE A-31]

7. Laurenzana, E. M., C. C. Weis, et al. (2000). "Effect of nonylphenol on serum testosterone
levels and testicular steroidogenic enzyme activity in neonatal, pubertal, and adult rats." In prep
(Unpublished Abstract). [JB] [PAGE A-33]

8. Laurenzana, E. M., C. C. Welis, et a. (2000). "Effect of dietarily administered endocrine
active agents on hepatic testosterone metabolism, CY P450, and estrogen receptor alpha
expression.” In prep (Unpublished Abstract). [JB] [PAGE A-34]

9. Meredith, J. M., C. Bennett, et a. (2000). "Ethinylestradiol and genistein, but not vinclozolin,
decrease the volume of the SDN-POA in malerats." Society for Neuroscience Abstracts (in
press). 10. Scallet, A. C., C. Bennett, et al. (1999). "Decreased volume of the sexually dimorphic
nucleus of the medial preoptic area (SDN-POA) in male rats after chronic nonylphenol
exposure.” Society for Neuroscience Abstracts 25: 227. [KP] [PAGE A-36]

O'CONNOR DATASETS

1. Biegdl, L. B., J. C. Cook, et al. (1998). "Effects of 17b-estradiol on serum hormone
concentrations and estrous cyclein female Crl:CD BR rats: effects on parental and first
generation rats." Toxicological Sciences 44: 143-154. [JH] [PAGE A-37]

2. Biegd, L. B., J. A. Flaws, et a. (1998). "90-day feeding and one-generation reproduction
study in Crl:CD BR rats with 17b-estradiol.” Toxicological Sciences 44: 116-142. [JH] [PAGE
A-40]

3. Cook, J. C., L. Johnson, et al. (1998). "Effects of dietary 17b-estradiol exposure on serum
hormone concentrations and testicular parametersin male Crl:CD BR rats." Toxicological
Sciences 44: 155-168. [JH] [PAGE A-43]

4. O'Connor, J. C., S. R. Frame, et a. (1998). "Sengitivity of atier | screening battery compared

to an in utero exposure for detecting the estrogen receptor agonist 17b-estradiol.” Toxicological
Sciences 44: 169-184. [JH] [PAGE A-44]

A-2



VOM SAAL DATASETS

1. Alworth, L. C., K. L. Howdeshell, et al. (1999). Uterine response to estradiol: low-dose
facilitation and high-dose inhibition due to fetal exposure to diethylstilbestrol and methoxychlor
in CD-1 mice. Paper presented at the Environmental Hormones meeting, Tulane University, New
Orleans, October. [JH] [PAGE A-47]

4. Nagel, S. C.,, F. S. vom Saal, et a. (1997). "Relative binding affinity-serum modified access
assay predicts the relative in vivo bioactivity of the xenoestrogens bisphenol A and octylphenol.”
Environmental Health Perspectives 105(1): 70-76. [JH] [PAGE A-50]

6. Thayer, K. A., R. L. Ruhlen, et al. (2000). "Altered reproductive organs in male mice exposed
prenatally to sub-clinical doses of 17a-ethinyl estradiol.” (in press). [RK] [PAGE A-51]

9. vom Sad, F. S, P. S. Cooke, et a. (1998). "A physiologically based approach to the study of
bisphenol A and other estrogenic chemicals on the size of reproductive organs, daily sperm
production and behavior." Toxicology and Industrial Health 14 (1/2): 239-260. [JH] [PAGE A-
53]

10. vom Sadl, F.S., K.L. Howdeshéll, et a. (2000). High sensitivity of the fetal prostate to
endogenous and environmental estrogens. Paper to be presented at the Bisphenol A: low dose
effects-high dose effects meeting, Freie Universitat, Berlin, November. [JH] [PAGE A-55]

11. Welshons, W. V., S. C. Nagel, et al. (1999). "L ow-dose bioactivity of xenoestrogensin
animals. fetal exposure to low doses of methoxychlor and other xenoestrogens increases adult
prostate size in mice." Toxicology and Industrial Health 15: 12-25. [JH] [PAGE A-56]

Vom Saal datasetsrequested but not provided [PAGE A-57]

2. Howdeshell, K. L., A. K. Hotchkiss, et a. (1999). "Exposure to bisphenol A advances
puberty.” Nature 401: 763-764.

3. Howdeshell, K. L. and F. S. vom Saal (2000). "Developmental exposure to bisphenol A:
interaction with endogenous estradiol during pregnancy in mice." American Zoologist 40(3). (in
press).

5. Palanza, P., S. Parmigiani, et a. (1999). "Prenatal exposure to low doses of the estrogenic
chemicals diethylstilbestrol and o,p’-DDT alters aggressive behavior of male and female house
mice." Pharmacology Biochemistry and Behavior 64(4): 665-672.

7. Timms, B. G., S. L. Petersen, et al. (1999). "Prostate gland growth during development is
stimulated in both male and female rat fetuses by intrauterine proximity to female fetuses.”
Journal of Urology 161: 1694-1701.

8. vom Sad, F. S, B. G. Timms, et a. (1997). "Prostate enlargement in mice due to fetal
exposure to low doses of estradiol or diethylstilbestrol and opposite effects at high doses.”
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Proceedings of the National Academy of Sciences 94. 2056-2061.

CHAHOUD STUDY

1. Chahoud, I. "Studies on the reproductive effects of in utero exposure to bisphenol A and
ethinyl estradiol of male and female Sprague Dawley rat offspring.” (3 Abstracts). [KP, JH]
[PAGE A-57]

EMA STUDY

1. Ema, M. (2000). "Two-generation reproduction study of bisphenol A inrats." (Unpublished
Study Report). [JH] [PAGE A-59]

GRAY STUDY

1. Gray, L. E., J. Ostby, et a. (1999). "Environmental antiandrogens: low doses of the fungicide
vinclozolin alter sexual differentiation of the malerat."” Toxicology and Industrial Health 15: 48-
64. [JH] [PAGE A-62]

LEE STUDY

1. Lee, P. C. (1998). "Disruption of male reproductive tract development by administration of
the xenoestrogen, nonylphenol, to male new born rats." Endocrine 9(1): 105-111. [JH] [PAGE
A-67]

SPEAROW DATASETS

1. Spearow, J. L., P. Doemeny, et a. (1999). "Genetic variation in susceptibility to endocrine
disruption by estrogen in mice." Science 285: 1259-1261. 2. Spearow, J. L., T. Sofos, et al.
(2000). Genetic variation in sensitivity to endocrine disruption by estrogenic agents. Paper
modified from a poster presented at the Second Annual UC Davis Conference for Environmental
Health Scientists, Napa, California, August. [RK] [PAGE A-68]

2. Spearow, J. L., T. Sofos, et a. (2000). Genetic variation in sensitivity to endocrine disruption
by estrogenic agents. Paper modified from a poster presented at the Second Annual UC Davis
Conference for Environmental Health Scientists, Napa, California, August. [RK] [PAGE A-71]

TYL DATASETS

1. Tyl,R.W., C. B. Myers, et al. (1999). "Two-generation reproduction study with para-tert-
octylphenol in rats." Regulatory Toxicology and Pharmacology 30: 81-95. [JH] [PAGE A-73]

2. Tyl, R-W.,, C. B. Myers, et a. (2000). "Three-generation reproductive toxicity evaluation of

bisphenol A administered in the feed to CD (Sprague-Dawley) rats.” RTI Study No 65C-07036-
000 (Draft Final Report). [JH] [PAGE A-77]
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WAECHTER DATASETS

1. Cagen, S. Z., J. M. Waechter, et a. (1999). "Normal reproductive organ development in CF-1
mice following prenatal exposure to bisphenol A." Toxicologica Sciences 50: 36-44. [JH]
[PAGE A-82]

2. Cagen, S. Z., J. M. Waechter, et al. (1999). "Normal reproductive organ development in
wistar rats exposed to bisphenol A in the drinking water." Regulatory Toxicology and
Pharmacology 30: 130-139. [JH] [PAGE A-84]

WELSCH STUDY

1. Elswick, B. A., F. Welsch, et al. (2000). "Effect of different sampling designs on outcome of
endocrine disruptor studies." Reproductive Toxicology 14: 359-367. 2. Elswick, B. A., D. B.
Janszen, et al. (2000). "Effects of perinatal exposure to low doses of bisphenol A in mae
offspring of Sprague-Dawley rats." Toxicological Sciences 54(Supplement): 256A.

[RK, KP, JH] [PAGE A-85]

FINAL COMMENTS[PAGE A-91]

Key to Statistical Subpanel's Primary Statistical Evaluator for Each Study
JH: Joe Haseman

RK: Raph Kodell

JB: John Bailer

KP: Ken Portier

Note: Fifth Subpanel member Richard Morris was responsible for
SAS-formatting the raw data as well as evaluating the "23 questions."

A-5



Appendix A:
Detailed Evaluations of Individual Studies

ASHBY DATASETS

1. Ashby, J., H. Tinwell, et al. (1999). " Lack of effectsfor low dose levels of bisphenol A
and diethylstilbestrol on the prostate gland of CF1 mice exposed in utero.” Regulatory
Toxicology and Phar macology 30: 156-166.

Agents: BPA (bisphenol A), 2 and 20 ug/kg/day
DES (diethylstilbestrol). 0.2 ug/kg/day
TSCO (tocopherol-stripped corn oil contral),
NAIVE (not dosed control)

Procedure:

Each chemical was applied at various doses to pregnant females on a per body weight basis
between pnd 11-17. Females were terminated at ~44 weeks. Males were kept in litter to pnd 112
then a subset randomly chosen and kept singly for an additional 71 days. All malesterminated
between pnd 183-187.

Parameters of Interest:

Table 3 - Females - Age at vaginal opening, onset and completion,
body wt.

Table4 - Males - Prostate wt, Left and Right Testis wt, Epididymis wt,
Seminal vesicle wt.

Table5- Males - Tota sperm/testis, Sperm wt/g testis, Sperm/testis
DSP, Sperm/g testig/d efficiency.

Covariate - body weight (BW).
Statistical Methods:

Manuscript indicated use of multi-factor ANOVA or ANCOVA using body weight as the
covariate to assess significance among group means and to study dam effects for the various
responses. Specific contrasts were examined comparing Naive control to TSCO controls, with
pooling if no significance found. Where control differences were found, treatments were
compared to controls separately. Dam effects were apparently treated as fixed effectsin the
ANOVA and because of this, it is not clear whether the variability associated with Dam effectsis
accounted for in the comparison of treatments.

Reanalysis used one way ANOV A and ANCOV A approaches with the Dam factor assumed to
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be arandom effect and SAS Proc Mixed used to perform computations for statistical tests.
Dunnett and Hsu's MCP in mixed effects models, were computed to examine treatment effect
differences with the two controls.

Results:
Table3

Sexual Maturation in Females: Authorsidentified strong dam (fixed) effects for age at onset of
vagina opening, vaginal opening completion age, and body weight. Marginally significant
differences between control groups were observed (p <0.1). DES group showed statistically
delayed onset of vaginal opening compared to TSCO controls (p=0.014). Restudy replicated
these findings with treatment effects significantly different (df=4, p=0.0425). Restudy also found
asignificant (p<0.001) linear relationship of body weight with vaginal opening completion age,
but no additionally significant treatment differences were observed.

Table4

(1) Male Pup Body Weight: Authors pooled controls and found highly significant dam effects
not explained by litter size. Both low and high dose BPA tended to be heavier than controls with
low dose BPA being statistically significant (p<0.05). Authors aso compared isolated housed
pups to group housed pups for the control groups and found isolated group on average
significantly heavier.

The restudy did not incorporate any of the group housed pups. DAM was incorporated as a
random effect in a Mixed model for the analysis. Dam was highly significant (p=0.0075) as
were treatment effects (p=0.018). Controls were not significantly different but were not pooled
for thisanalysis. Low dose BPA was found to result in significantly higher BW than either
controls using Dunnett's test.

(2) Prostate Weight: Authors found a significant association with BW and hence used an
ANCOVA modd for further analysis. The dightly elevated prostate weights in the BPA group
was attributed to BW differences since no treatments were significant in the ANCOVA analysis
other than DAM effects.

The restudy found strongly significant BW association with marginally significant DAM effects
(p=0.046). No other effects were found significant.

(3) Seminal Vesicle Weight: Authors found differences between the two controls with TSCO
lower than NAIV E which was the reverse pattern found with BW. A significant association
between SVW and BW was observed and subsequent analysis used ANCOVA. DAM effect was
significant but no treatment effects were observed.

The restudy found significant BW association, DAM effects and differencesin controls.
Treatments were not found significant.
(4) Testicular Weight: Controls were pooled and a significant (p<0.001) association with both
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left and right TW and BW observed, hence ANCOVA used. Right TW was significantly larger
than left TW across all treatment groups. A significant DAM effect was observed with BPA
treatments significantly higher than pooled controls.

The restudy found for both left and right testicle significant DAM effects and BW association
with high dose BPA significantly higher than controls. No low dose BPA effects were observed.

(5)_Epididymal Weight: Controls were pooled and BW covariate used in the analysis. Left and
right EW were similar. DAM effect was significant, and after adjustments, high dose BPA was
marginaly (p~=0.05) higher than pooled controls for both left and right EW.

The restudy found for right EW significant DAM effects, no BW association and the high dose
BPA significantly greater than TSCO control. For left EW, significant DAM effects and BW
associations were observed and again a significant high dose BPA to TSCO controls comparison.

Table5

Daily Sperm Production and Efficiency: No control differences, BW associations or DAM
effects were observed so pooled controls were used and analysis performed with adjusting for
DAM or BW effects. DSP increased significantly for both doses of BPA, efficiency was
unaffected by treatments.

The restudy found a significant difference (p=0.028) between high dose of BPA and TSCO
controls for Sperm/testis/d (x 106). Everything else was not significant.

Final Comments:

The results reported in Ashby, Tinwell, and Haseman were essentially reproduced. The restudy
analysis did not pool controls and dam effects were considered random. Dam and body weight
effectsin the restudy seemed more statistically significant than originally reported by Ashby but
this may be due to the different analysis models used. Body weight covariate slopes when
significant were usually had very small p-values. DAM variability was estimated via REML
and ranged from 25% to 65% the magnitude of the residual variability, with typical values
around 55%.

Asnoted in the text, the Statistics Subpanel did not have time to compare and contrast results
across different studies and to speculate as to why similar or differing results were observed.
However, because of the importance of this particular study in its attempt to replicate the results
of Nagel et al. (see discussion of the Nagel study below in the section on vom Saal datasets), we
decided to compare directly the body weights and prostate weights from these two studies, and
thisinformation is summarized below (SD: standard deviation; CV: coefficient of variation).
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Ashby et al.

No. of Body weight Prostate weight
pups Mean SD CV Mean SD CV
Naive 22 420 31 .074 50.0 70 .140
TSCO 32 435 50 .115 48.4 82 .169
BPA-2 37 479 6.1 127 53.2 82 154
BPA-20 29 459 51 111 50.3 91 .81
Nagel et. a
Controls 11 379 28 .074 40.8 33 .081
BPA-2 7 346 30 .087 52.8 6.1 .116
BPA-20 7 36.7 3.0 .082 549 16.7 304

Notable points:
(1) the Ashby study was somewhat larger than the Nagel study;
(i) the animalsin the Ashby study were much heavier than the animalsin the Nagel study;

(iii) the low dose of BPA significantly increased body weight in the Ashby study and
significantly decreased body weight in the Nagel study;

(iv) the prostate weights in six of the seven groups were comparabl e, the exception being the
lower prostate weights in the Nagel controls,

(v) there was more variation in the within group variability in prostate weight in the Nagel study
than in the Ashby study; and

(vi) the Nagel study found significantly (p<0.05) elevated prostate weightsin both BPA groups;
the Ashby study did not.

2. Ashby, J., H. Tinwell, et al. (2000). " Current issuesin Mutation Research. DNA
adducts, estrogenicity and rodent diets." Mutation Research (in press).

3. Ashby, J., H. Tinwell, et al. (2000). " Uter otrophic activity of a" phytoestrogen-free" rat
diet." Environmental Health Per spectives 108(1): A12-A13.

Raw data provided: uterus weights from rats fed one of three rodent diets. RM1, AIN-76A and
Purina5001. Three separate studies were carried out.

Comment on Statistical Methodol ogy

These brief communications provided little or no description of the statistical methods used in
the data analysis.
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Results
Study 1

(1) We agree with the authors that the first study (summarized in Figure 1 of the short Mutation
Research paper) showed a significant (p<0.01) increase in uterine weight in both the AIN-76A
and Purina 5001 diets relative to the RM1 diet (the standard rat maintenance diet used by the
study authors).

(2) These increases were accompanied by a corresponding significant (p<0.01) increase in body
weight in animals receiving the AIN-76A and Purina 5001 diets. However, after adjusting for
body weight (ANCOVA), the increased uterine weights remained significant (p<0.01) for both
diets. Theincreasesin body weight (13-16%) in the two diets were much less than the
corresponding increases in uterine weight (wet weights: 61-79%; dry weights: 44-52%).

(3) Body weight was significantly (p<0.05) correlated with uterine weight in these studies.
Study 2

(1) In asecond study (summarized in the EHP Letter to the Editor), we agree that the increase in
uterine weight was confirmed for rats receiving the AIN-76A diet relative to those on the RM 1
control diet.

(2) The authors report that thisincrease in uterine weight "was abolished by concomitant
treatment with the antiestrogen Faslodex.” While this statement is technically true, itis
noteworthy that the group receiving the AIN-76A diet + Faslodex actually had significantly
(p<0.01) lighter uteri than the animals receiving the RM 1 control diet, after adjusting for body
weight differences (the animals on the AIN-76 and AIN-76 + Faslodex diets were significantly
(p<0.05) heavier than animals receiving the RM 1 diet).

(3) Body weight was significantly (p<0.01) correlated with uterine weight in this study.

Study 3

(2) In athird study (summarized in the EHP Letter to the Editor, the authors confirmed in a
larger study (30 animals per group compared with 10-12 for the other two studies) that the AIN-
76A diet resulted in elevated uterus weights (and elevated body weights) relative to rats
receiving the RM1 control diet. We agree with this interpretation of the data.

(2) Body weight and uterus weight were significantly (p<0.01) correlated in this study.

Comment

The consistent and highly significant (p<0.01) elevated uterine weightsin rats receiving the AIN-

76 diet compared to those receiving the RM1 control diet provide very convincing evidence that
thisisareal biological effect.
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4. Ashby, J., H. Tinwell. (2000). " Activity of bisphenol A in pregnant SD and Alpk rats:
preliminary data.” (Unpublished Abstract).

Raw data provided: body weight and anogenital distance datafor male and female rats exposed
to bisphenol A (BPA) at doses of 0.02, 0.1, or 50, or mg/kg/day. Ethinyl estradiol (EE) acted as
the positive control. Thisisastudy in progress, and these were the only data we received in time
to analyze prior to the date of the Endocrine Disruptor meeting.

Results

The anogenital distance (AGD) and body weight data received are summarized below. This
study used littermates (generally 4-8 pups per litter), and there were highly significant (p<0.01)
litter effects for both body weight and AGD (both strains). Thus, the summary statistics reported

below are based on litter averages, and the statistical analysis also used the litter asthe
experimental unit.

I. ALPK rats

Chemical Body weight AGD
Maes Females Males Females
N Mean SD N Mean SD N Mean SD N Mean SD
Controls 7 6.78 0.73 6.23 066 7 481 052 7 272 0.23
BPA-0.027 6.91 0.79 6.49 073 7 493 049 7 289 041
BPA-0.1 6 6.74 0.79 6.35 072 6 475 032 6 270 0.19
BPA-50 7 590 0.46 570 0.60 7 451 024 7 266 0.21

~N o~~~

EE 3 619 038 3 598 068 3 438 012 3 267 037

The slight reductions in body weight in the 50 mg/kg/day BPA groups were not statistically
significant by Dunnett's test, although the 13% reduction in the top dose male group was
suggestive (p<0.10). We further agree with the authors that there was no significant BPA (or
EE) effects on AGD, with or without adjusting for body weight. AGD was also significantly
(p<0.01) correlated with body weight in both males and females.

Il. SD rats

Chemical Body weight AGD
Males Females Males Females
N Mean SD N Mean SD N Mean SD N Mean SD
Controls 7 7.04 053 7 649 054 7 445 0.09 7 255 0.13
BPA-0.027 666 047 7 635 050 7 448 012 7 250 0.14
BPA-01 7 691 033 7 6.73 022 7 460 020 7 259 0.12
BPA-50 7 744 065 7 686 067 7 461 024 7 258 0.15

We agree with the authors that there was no significant BPA effects on body weight or on AGD,
with or without adjusting for body weight. AGD was also correlated with body weight in both
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males (p=0.07) and females (p<0.01).
Final comment

Additional raw data were provided by the authors after the Low Dose Endocrine Disruptor
meeting for preputial separation and vaginal opening. Statistical analyses of these data revealed
that the only statistically significant effect (other than significant litter effects) was a dlight, but
statistically significant increase in day of vagina opening in the top dose BPA group and a slight
decrease in the EE group for ALPK rats (with or without body weight adjustment), asis shown
below.

Chemical Day of vaginal opening Weight at vaginal opening

N Mean SD N Mean SD
Controls 7 33.81 0.83 7 109.1 8.0
BPA - 0.02 7 3402 0.71 7 1164 12.3
BPA - 0.1 6 3361 0.80 6 109.2 4.9
BPA - 50 7 35.40* 0.65 7 1175 110
EE 3 32.13* 152 3 105.1 7.2

* p<0.05 vs.controls (Dunnett's test)

5. Odum, J., P. A. Lefevre, et al. (1997). " Therodent uterotrophic assay: critical protocol
features, studieswith nonylphenols and comparison with a yeast estrogenicity assay."
Regulatory Toxicology and Phar macology 25: 176-188.

Raw data provided:

(1) uterus wet weight and vaginal opening datafor 17beta-estradiol given either by scinjection
(0.5, 1, 2,5, 10, 20, 40, 200 or 400 ug/kg) or by oral gavage (10, 20, 40, 100, 200, or 400 ug/kg).
Datawere summarized in Table 1 and in Figure 2.

(i) uterus wet weight and vaginal opening datafor 17beta-estradiol benzoate given either by sc
injection (0.1, 0.5, 1, 2, 5, 10, 20, 25 or 125 ug/kg) or by oral gavage (10, 20, 40, 100, 200, or
400 ug/kg). Data were summarized Figure 3.

(iii) uterus wet weight and vaginal opening datafor ethinyl estradiol given either by sc injection
(0.02, 0.2, 2, 20, 200, or 400 ug/kg) or by oral gavage (0.02, 0.2, 2, 20, 200, or 400 ug/kg). Data
were summarized Figure 3.

(iv) uterus wet weight and vaginal opening data for branch-chain nonyl phenol (NP): 47.5, 95,
190, and 285 mg/kg, 285 mg/kg NP + 10 mg/kg IClI 182,780, positive control (400 ug/kg
estradiol) and negative control (arachisoil). Datawere summarized in Figure 11.

(v) uterus wet weight and vagina opening data for four replicates, each involving 285 mg/kg
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branched nonyl phenol (NP), 285 mg/kg n-nonyl phenol (nNP), positive control (400 ug/kg
estradiol) and negative control (arachisoil). Datawere summarized in Figure 12.

Comments on Statistical Methodology

No statistics were used in this paper.

Results

Table 1/Figure 2

(1) Thereisno significant 17beta-estadiol effect on body weight, even at the highest doses. In
contrast, thereis a significant (p<0.01) effect of 17-beta-estradiol on uterine weight. Uterus
weights are significantly elevated at doses of 5 or greater in the sc injection animals and at 100 or
greater in the oral gavage animals.

(2) The vaginal opening data follow the same pattern of response as the uterine weight data.

(3) We agree with the authors conclusions that 17beta-estradiol is more activein the
uterotrophic assay when injected subcutaneously than when given by oral gavage.

Figure 3

(1) Thereisno significant 17beta-estadiol benzoate effect on body weight, even at the highest
doses. In contrast, thereisasignificant (p<0.01) effect of 17-beta-estradiol benzoate on uterine
weight. Uterus weights are significantly elevated at doses of 0.5 or greater in the sc injection
animals and at 40 or greater in the oral gavage animals.

(2) The vaginal opening data follow the same pattern of response as the uterine weight data.

(3) We agree with the authors conclusions that 17beta-estradiol benzoate is more active in the
uterotrophic assay when injected subcutaneously than when given by oral gavage.

Figure 4

(1) Thereisno significant ethinyl estradiol effect on body weight, except for a 10% reduced
body weight (p<0.05) in the 400 ug/kg group in the sc injection portion of the study. In contrast,
thereisasignificant (p<0.01) effect of ethinyl estradiol on uterine weight. Uterus weights are
significantly elevated at doses of 0.2 or greater in the sc injection animals and at 2 or greater in
the oral gavage animals.

(2) The vaginal opening data follow the same pattern of response as the uterine weight data.
(3) We agree with the authors' conclusions that ethinyl estradiol is more active in the

uterotrophic assay when injected subcutaneously than when given by oral gavage, although this
difference isless pronounced than that observed for 17beta-estradiol or for 17-beta estradiol
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benzoate.
Figure 11

(1) For the Figure 11 data, we agree with the authors that NP produced a dose-related increase in
uterine weight (significant (p<0.001) at the top two dosed groups), that was abolished by
coadministration of the estrogen receptor antagonist ICl 182,780.

(2) No cases of vaginal opening were observed in any of the NP groups.

(3) Body weight was significantly (p<0.05) reduced in the top dose NP group, but not in any
other experimental group.

(4) The correlation of uterus weight with body weight was significant (p<0.01) if treatment
groups are ignored, but not significant after adjusting for treatment effects. Using or not using
body weight as a covariable had little impact on study results.

Figure 12

(1) We agree with the study authors that NP (but not nNP) produced a significant increasein
uterus weight that was consistently observed across all four replicates.

(2) We dso agree that the five instances of vaginal opening among the 20 NP animals (none
were observed in the 20 controls or in the 20 nNNP animals) provides further evidence of
uterotrophic activity in the NP group.

(3) Body weight was significantly (p<0.01) reduced in the NP group, but not in the other two
experimental groups.

(4) The correlation of uterus weight with body weight was significant (p<0.01) if treatment
groups are ignored, but not significant after adjusting for treatment effects. Using or not using
body weight as a covariable had little impact on study results.

(5) Neither the replicate effect, nor the replicate x treatment interaction were significant, which
indicates that the uterine weight responses were reproducible and consistent across the four
replicates.

(6) We basically agree with the authors' conclusions. We might have characterized the 32%
increase in uterine weight observed in the NP group in the Figure 12 data (mean of 47.045 mg
vs. 35.59 for controls) as being more than only a "weak assay response” as do the authors on
page 184. However, that is a matter of scientific judgement. Certainly, the responseis "weak"
relative to the positive control response. The consistency of the uterine weight responses (in all
groups) among four replicates in Figure 12 was an impressive finding.

Fina Comment

We basically agree with the authors' interpretation of these data.
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6. Odum, J. and J. Ashby (1999). " Neonatal exposure of maleratsto nonylphenol hasno
effect on thereproductivetract." Toxicological Science (in press).

Raw data provided: testis, epididymis, seminal vesicle, and ventral prostate weights from male
rats given i.p. nonylphenol (NP) doses of 8 mg/kg/day from day 1 to day 10 post-partum in
arachis oil (Experiment 1). In Experiment 2, animals received 8 mg/kg/day NP, administered in
DMSO. In addition to this group and a DM SO control group, athird group received 8
mg/kg/day NP and "an additional dose of DMSQO". A fourth group received NP together with an
i.p. dose of 0.5 mg/kg/day of the estrogen receptor antagonist Faslodex (FAS). A fifth group
received FAS alone. These data (which included multiple pups per litter) are summarized in
Table 1.

Comments on Statistical Methodology

The authors appear to have used a Protected Fisher's LSD analysis to make pairwise
comparisons, athough they describe their procedure slightly differently. Thisis an acceptable
method of statistical analysis for making all possible pairwise comparisons, as noted in the body
of this report.

Table 1 - Experiment 1

All four organ weights (and body weight) showed highly significant (p<0.01) litter effects,
indicating that the litter rather than the individual pup is the appropriate experimental unit. It
was unclear whether the study authors used a litter-based or a pup-based statistical analysis, but
the summary statistics given in Table 1 are calculated on a per-pup basis.

In any case, we agree with the authors' conclusion that there is no evidence of an NP effect on
body weight or on organ weight. Organ weights were significantly (p<0.05) correlated with
body weight in this study.

Table 1 - Experiment 2

All four organ weights (and body weight) showed highly significant (p<0.01) litter effects,
indicating that the litter rather than the individual pup is the appropriate experimental unit. It
was unclear whether the study authors used alitter-based or a pup-based statistical analysis, but
the summary statistics given in Table 1 are calculated on a per-pup basis.

In any case, we agree with the authors' conclusion that there is no evidence of an NP effect on
body weight or on organ weight. Neither was there any effect of FAS or FAS + NP on organ or
body weight. Organ weights were significantly (p<0.05) correlated with body weight in this
study.
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7. Odum, J.,I. T. G. Pyrah, et al. (1999). " Compar ative activities of p-nonylphenol and
diethylstilbestrol in noble rat mammary gland and uter otrophic assays." Regulatory
Toxicology and Phar macology 29: 184-195.

Raw data provided:

(i) uterusweight datafrom Noble rats exposed to oral doses of 45, 75, 150 or 225 mg/kg/day p-
nonylphenol (NP) or to 0.04 mg/kg/day DES. E2 was used as a positive control. These dataare
summarized in Figures 1 and 2

(i) mammary gland differentiation data - number of structures per square millimeter of
mammary gland for animals receiving 0.076 mg/kg/day DES or 0.073 or 53.2 mg/kg/day NP.
These data are summarized in Table 2.

(iif) mammary gland differentiation data - area per mammary gland structure for animals

receiving 0.076 mg/kg/day DES or 0.073 or 53.2 mg/kg/day NP. These data are summarized in
Table 3.

(iv) the effect of NP (0.073 or 53.2 mg/kg/day) and DES (0.076 mg/kg/day) on the numbers of S-
phase cells as percent total cellsin Noble rats. These data are summarized in Table 5.

Comments on Statistical Methodology

The authors appear to have used a Protected Fisher's LSD analysis to make pairwise
comparisons, athough they describe their procedure slightly differently. Thisis an acceptable
method of statistical analysis for making all possible pairwise comparisons, as noted in the body
of thisreport.

Results

Figure 1

(1) The positive control (E2) significantly (p<0.01) increased uterine weight, as expected.

(2) NP had no significant effect on body weight.

(3) Uterine weight was significantly (p<0.01) correlated with body weight in these studies.

(4) We agree with the authors that the top three doses of NP produced significantly (p<0.01)
elevated uterine weights, after adjusting for body weight differences. However, we found that by
ANCOVA and Dunnett's test, this elevation is also significant (p<0.01) at the lowest (45

mg/kg/day) dose NP group, whereas the study authors reported only a p<0.05 elevation for wet
weight and no significant elevation for dry weight at this dose.
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Figure 2

(1) We found some minor numerical discrepancies. we could find only 5 NP 150 mg/kg/day
animals with the 11 daily oral doses - the authors report 6; conversely, we found 6 controls for
the 3 daily oral doses - the authors report 5 animalsin this group.

(2) When given in three oral doses, there was no DES or NP effect on body weight; when given
in 11 oral doses, DES (but not NP) significantly (p<0.05) reduced body weight.

(3) Body weight and uterus weight were significantly (p<0.01) correlated for these data.

(4) We agree with the authors that both DES and 150 mg/kg/day NP significantly (p<0.05)
increased uterus weight in both studies (3 daily oral doses or 11 daily oral doses). We also agree
that the low dose NP group (53 mg/kg/day) had no significant effect on uterus weight.

(5) We note the relatively low sample sizes in these studies (3-6 animals per group).
Table 2

(1) We agree with the study authors that NP did not affect the number of mammary gland
structures for terminal ducts, terminal endbuds, or Lobulestype 1 or 2 for either peripheral or
central regions. We were not provided raw data for Lobules type 3, but there was no responsein
the NP or control animals for Lobule 3.

(2) As noted in the comments on a previous study by this investigator, we do not believe that a
normal-theory based test is appropriate for highly skewed data in which the mgority of the data
points are zero, as was the case for Lobules 2 and 3.

(3) We agree with the study authorsthat DES produced a significant (p<0.01) increase in the
number of structures for Lobules 1 (peripheral area only) and Lobules 2 (both peripheral and
central areas).

(4) We further agree with the study authors that DES significantly (p<0.01) reduced the number
of structures for terminal ducts (both regions) and terminal end buds (central area only)

(5) Table 2 reports that the dlightly reduced DES response for terminal end buds in the periphera
areais highly significant, whereasit isin fact not significant. The authors subsequently
confirmed our suspicion that thisis atypographical error. Figure 4 and the text appear to be
correct in thisregard.

(6) We note that sample size is missing for the NP 0.073 mg/kg/day group in Table 2

Table 3

(1) Thereisaminor conceptual issue that requires some discussion: isit valid to compare the
areas of structures for those animals having structures with the areas for those animals having no
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structures (and thus by definition, we suppose, zero areas)?

In response to our question on thisissue, the authors emailed us back that "We decided that when
counting numbers of structures that 0 should contribute towards the mean but that for calculating
mean area per structure or proliferating cells within a structure that animals or fields which had
no structure should be excluded. This was the rule for both mammary gland papers.” Thisisa
very reasonable position, but it was not followed consistently in the authors' evaluation.

For example, in Table 3, for terminal ducts the 0.076 mg/kg/day DES group is reported as having
an area of zero for both peripheral and central areas, which is reported to be significantly
(p<0.01) lower than the mean area for the control group. However, using the philosophy given
by the authors above, the DES group should have been excluded altogether from an analysis of
area, since they had no structures (see Table 2). Similar problems occurred for other groupsin
thistable.

Despite the length of the discussion given above on thisissue, the Statistics Subpanel viewed this
as arelatively minor matter that had little or no impact on the authors major conclusions.

(2) We agree with the study authors that NP did not affect the area of mammary gland structures
for terminal ducts, terminal endbuds, or Lobulestype 1 or 2 for either peripheral or central
regions. We were not provided raw data for Lobules type 3, but there was no structuresin the
NP or control animals for Lobule 3.

(3) Asnoted in the comments on a previous study by thisinvestigator, we do not believe that a
normal-theory based test is appropriate for highly skewed datain which the majority of the data
points are zero, as was the case for Lobules 2 and 3.

(4) We agree with the study authors that DES produced a significant (p<0.01) increase in the
area of structures for Lobules 1 and 2 (peripheral area only), if the comparisons are limited only
to those animals with structures (see point (1) above).

(5) We further agree with the study authors that DES significantly (p<0.01) reduced the number
of structures for terminal ducts (both regions) and terminal end buds (central area only) under the
philosophy that no structure = zero area (see point (1) above).

(6) We note that sample size ismissing for the NP 0.073 mg/kg/day group in Table 3.

Table5

(1) We agree with the authors' conclusions concerning the significant (p<0.05) increasesin S
phase cells produced by DES in Lobules 1 and 2 (and in Lobule 3, except that there were no

structures in the control group for comparison).

(2) We also agree with the authors that neither dose of NP significantly affected the number of S
Phase cells as a percentage of total cellsin any of the five regions.
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8. Odum, J.,I. T. G. Pyrah, et al. (1999). " Effects of p-nonylphenol and diethylstilbestrol
on the alderley park rat: comparison of mammary gland and uter us sensitivity following
oral gavage or implanted mini-pumps.” Journal of Applied Toxicology 19: 367-378.

Raw data provided:
(i) uterus weights for Alpk rats given oral doses of 37.5, 75, 150, or 225 mg/kg/day p-
Nonylphenol (NP) (Experiment 1) or in Alpk and SD rats given 250 mg/kg/day NP (Experiment

2). These data are summarized in Table 2;

(i) uterus weights in Alpk rats given an oral dose of 100 mg/kg/day NP or 0.01 mg/kg/day DES
(Experiment 3). These data are summarized in Table 3;

(ii1) uterus weights in Alpk rats given s.c. minipump doses of 0.037 or 27.2 mg/kg/day NP or
0.042 mg/kg/day DES. These data are summarized in Table 3;

(iv) mammary gland differentiation (numbers and area of structures per squared mm mammary
gland) for intact Alpk rats receiving vias.c.-implanted minipumps (for 11 days) 0.052 or 37.4
mg/kg/day NP or 0.055 mg/kg/day DES (Experiment 5). These data are summarized in Table 4.
(v) mammary gland differentiation (numbers of structures per squared mm mammary gland) for
intact Alpk rats receiving vias.c.-implanted minipumps (for 11 days) 100 mg/kg/day NP or
0.075 mg/kg/day DES (Experiment 6). These data are summarized in Table 5.

(vi) the effect of oral NP (100 mg/kg/day) and DES (0.075 mg/kg/day) on the numbers of S-
phase cells as percent total cellsin Alpk rats (Experiment 6). These data are summarized in
Table 6.

Comments on Statistical Methodology

The authors appear to have used a Protected Fisher's LSD analysis, although they describe their
procedure slightly differently on page 369. Thisis an acceptable method of statistical analysis
for making all possible pairwise comparisons, as noted in the body of this report.

Results

Table 2 (Experiment 1)

(1) We agree with the authors that the top three NP doses (but not the lowest dose) and the single
E2 sc dose (positive control) significantly (p<0.01) increased uterine weight relative to controls.

(2) Neither E2 nor NP significantly affected body weight.

(3) Uterine weight was significantly (p<0.05) correlated with body weight in this study.
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Table 2 (Experiment 2)

(1) We agree with the authors that in both the Alpk and SD rats oral administration of 250
mg/kg/day NP significantly (p<0.01) increased uterine weight relative to controls.

(2) NP did not significantly affect body weight.
(3) Uterine weight was not significantly (p<0.05) correlated with body weight in this study.
Table 3 (Experiment 3)

(1) We agree with the authors that oral administration of 100 mg/kg/day NP and 0.01 ml/kg/day
DES (positive control) significantly (p<0.01) increased uterine weight relative to controls.

(2) Neither DES nor NP significantly affected body weight.
(3) Uterine weight was significantly (p<0.05) correlated with body weight in this study.

(4) The study authors inadvertently provided us raw data from five DES animals that were not
part of Experiment 3. They subsequently confirmed that our decision to delete them from the
statistical analysis was correct.

(5) In Table 3, Experiment 3, the uterus dry weights have been interchanged for the DES and NP
groups. Actually, the DES animals had heavier dry and wet uterus weights relative to the NP
animals, not lighter dry weights as reported in Table 3. Moreover, we had a slight disagreement
with the summary statistics for the wet and dry uterus weights for the NP group. Based on the
data provided to us, our calculated wet weights were 93.0 +-16.1 (not 91.0 +- 20.6) and the dry
weight was 19.2 +- 3.4 (not 18.8 +- 4.3).

Table 3 (Experiment 4)

(1) We agree with the authors that sc administration (mini-pump) of 0.037 or 27.2 mg/kg/day NP
had no significant effect on uterus weight (or on body weight).

(2) We also agree that sc minipump administration of 0.042 mg/kg/day DES (positive control)
significantly (p<0.01) increase uterine weight relative to the DM SO controls. This dose of DES
also significantly (p<0.01) reduced body weight.

(3) Uterine weight was not significantly (p<0.05) correlated with body weight in this study.
Table 4 (Experiment 5)

(1) We agree with the study authors that neither NP nor DES affected the number of mammary

gland structures for terminal ducts, terminal endbuds, or Lobules type 1 for either peripheral or
central regions.
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(2) The authors report a highly significant (p<0.01) DES effect on the number of structures for
Lobules type 2 and 3 and both peripheral and central regions, but we disagree with this
conclusion. The authors based their conclusion on the application of Student'st test following a
general linear models analysis (see page 369). However, such an approach (which assumes an
underlying normal distribution) is inappropriate when virtually all of the data are zero, as was the
case for Lobulestypes 2 and 3.

For example, for Lobulestype 3 in the peripheral region, every animal in every group had a zero
response, except for asingle animal in the DES group, which showed a response of 0.30305.
Based on this one animal's positive response (with the nine other animalsin the DES group
showing no response), the authors concluded that a highly significant (p<0.01) increase had been
observed. We disagree with thisinterpretation of the data.

Similar problems occurred in the other DES groups. The only statistically significant DES effect
that we could confirm (and it was p<0.05, not p<0.01), was for Lobules type 2 in the central
region.

If positive responses are rare, then certain of the DES effects reported by the authors could in

fact be "real" and biologically important (see discussion of this matter in the text). However, itis
misleading (and incorrect) to attach ahigh level of statistical significance (p<0.01) to the
response of asingle animal (or even to two animals), as was the case in this study

(3) Theresultsfor area of structures closely parallels that of number of structures.
Table 5 (Experiment 6)

(1) We generally agree with the authors concerning the significant effects of DES and NP in this
experiment.

(2) The exceptions include the reduced effect seen by NP in the peripheral region for terminal
end buds. By Dunnett's test, this reduction was not statistically significant relative to controls.

(3) Perhaps more importantly, the increase observed in Lobules type 3 in the central region for
DES (0.12 +- 0.27), which reflected positive responses in only two of the ten animals was not
statistically significant relative to the zero response in the ten controls, whereas the authors
reported this slight increase as highly significant (p<0.01). Interestingly, an identical response
produced by DES for Lobules type 2 in the peripheral region (also 0.12 +-0.27 vs zero in the
controls) was not reported as being statistically significant, even at the p<0.05 level. We agree
with thisinterpretation and believe that it applies to the DES Lobules type 3 effect as well.

(4) Theresultsfor area of structures closely parallels that of number of structures.
Table 6 (Experiment 6)

We agree with the authors' conclusions concerning the increases in S-phase cells produced by
DES and NP asreported in Table 6.
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9. Tinwell, H., R. Joiner, et al. (2000). " Uterotrophic activity of bisphenol A in the
immature mouse." Regulatory Toxicology and Phar macology (in press).

Data provided: uterusweight and body weight data from nine independent immature mouse
uterotrophic assays involving bisphenol A (BPA) administered by sc injection (eight studies) or
by oral gavage (one study). DES was included as a positive control in each study. Doses of
BPA (/kg) used in one or more of the eight sc studies were 0.02 ug, 0.2 ug, 2 ug, 20 ug, 200 ug,
500 ug, 1 mg, 2 mg, 5 mg, 10 mg, 20 mg, 50 mg, 100 mg, 200 and 300 mg, The oral gavage
doses (/kg) of BPA were 500 ug, 1 mg, 5 mg, 10 mg, 50 mg, 100 mg, 200 mg, or 300 mg. Data
are summarized in Table 1.

Comments on Statistical Methodology

In general, the statistical methods appear appropriate for the data. However, it is unclear how the
authors used ANOVA (an overal test) to make the pairwise comparisons whose significance is
reported in the various tables in this paper.

Results

(1) DES showed significant (p<0.01) and reasonably reproducible elevated uterine weightsin all
nine studies.

(2) In most of the studies, body weight and uterine weight were significantly (p<0.05) correlated.
(3) Body weights were unaffected by BPA in al studies.

(4) Our reanalyses used all the available data. A few animals were deleted by the study authors,
apparently based on an a priori decision to exclude any animals whose body weight was 189 or
more. These animals did not appear to show extreme or "outlier" uterus weights, and we
included them, although exclusion of these animals would have had essentially no impact on
study results.

Experiment 1

Our reanalysis confirmed the significantly (p<0.05) elevated uterine weight in the 200 mg/kg
BPA group. However, the response in the 200 ug/kg group showed significant heterogeneity.
The range of uterus weightsin the eight control animals was 7-10 mg. Five of the 200 ug/kg
animals had uterus weights above this range (11.3 to 16.5 mg), but the other three animals had
uterine weights that were below (or nearly so) the lowest control value: 6.6, 6.9, and 8.1 mg.
Because of this high variability (which prompted a nonparametric analysis for this group), we
did not find the elevated uterus weights in the 200 ug/kg group to be significant, as reported by
the authors.

Experiment 2

We agree with the authors that there were no significant uterus weight effects in this experiment,
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in which the eight doses of BPA used ranged from 0.02 ug/kg to 200 mg/kg.
Experiments 3 and 4

We agree with the authors that there were no significant uterus weight effects in either of these
experiments, in which the five doses of BPA used ranged from 0.2 ug/kg to 300 mg/kg.

Experiment 5

We agree with the authors that there were no significant uterus weight effects in this experiment,
in which the four doses of BPA used ranged from 2 ug/kg to 200 mg/kg.

Experiments 6 and 7

We agree with the authors that in both of these two studies, there were significantly (p<0.05)
elevated uterine weights in the 200 mg/kg BPA group, but not in the 20 ug/kg group. Body
weight was unaffected at all doses. We also agree that there was no effect of BPA on uterine
weight in the 200 ug/kg BPA group in Experiment 6. However, in Experiment 7, after adjusting
for body weight, the elevated uterine weight in the 200 ug/kg group was significant (p<0.05),
whereas the authors reported no significance for this dosed group.

Experiment 8

We agree with the study authors that there was a significantly (p<0.05) elevated uterine weight in
the 5 mg, 50 mg, 100 mg, and 200 mg groups. Additionally, the elevated uterine weight in the
200 ug/kg/day group was suggestive (p<0.10). There were no significant body weight effectsin
this study.

Experiment 9

We agree with the authors that there were no significant uterus weight effectsin this oral gavage
experiment, in which the eight doses of BPA used ranged from 500 ug/kg to 300 mg/kg. Body
weight was also unaffected at all doses.

Evaluating the consistency of overall results of for the 8 sc experiments

The authors summarize the results of these eight studiesin Table 2, and with so many sc
experiments, it istempting to carry out an overall analysis. A visual comparison of the overall
means can be misleading, since not all doses were represented in all experiments, and there was
significant study-to-study variability in response.

Our reanalysis indicates that for BPA doses in the 0.02 to 20 ug/kg range, there is no evidence of
an elevated uterus weight in these eight studies. The 200 ug/kg dose was used in six of the eight
studies, and three of these studies produced elevations in uterus weight that were either
significant (p<0.05) or nearly so. In contrast, the other three experiments produced little or no
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evidence of an effect. An analysis of log(uterus weight) adjusting for body weight and for
differences among experiments, reveals amarginally significant (p<0.05) effect. This effect, if
real, represents (on average) only approximately an 8% increase in uterus weight. As noted
earlier, adirect comparison of overall meansis misleading, since the two experiments for which
the 200 ug/kg dose was not used had two of the three highest control mean uterus weights.

Complicating the interpretation of thisincrease in uterine weight is the fact that uterus weight
was not significantly elevated in the 500 ug/kg or 1 mg/kg groups (one experiment) or in the 2
mg/kg groups (three experiments). Interestingly, the single study using 5 mg/kg produced a
significant (p<0.05) increase in uterus weight, while the same study at 10 mg/kg showed no
effect. Four studies using 20 mg/kg showed no effect.

BPA doses in the 50-200 mg/kg range often showed significantly elevated uterus weights,
although the 50 and 100 mg/kg doses were used in only a single experiment. The 200 mg/kg
dose was used in al eight experiments, with significant uterine weight increases observed in four
studies, marginally elevated uterine weights seen in afifth, but no evidence of an effect in the
other three experiments. Although significant overall (p<0.01), the uterine weight at this dose on
average was only 12-13% elevated relative to controls. The 300 mg/kg dose produced no
significant increase in uterine weight in two experiments, although the companion doses of 200
mg/kg used in these two studies also failed to produce a significant increase in uterine weight.

In summary, there is awealth of information here, but it is difficult to draw firm overall
conclusions. We agree with the authors conclusion that "overall, we have failed to define BPA
as reproducibly active in the immature mouse uterotrophic assay" and that they have shown "itis
possible for individual investigators to be unable to confirm their own observations." We do not,
however, agree that there was "a complete absence of adose-relationship”. Inthe four
experiments in which a significantly increased uterine weight was observed (Experiments 1, 6, 7,
and 8), this response followed a definite dose-related trend. However, in four other experiments
(including two with the highest BPA doses), no significant BPA effect was apparent. And this
inconsistency iswhat is most troubling.

DELCLOSDATASETS

1. Delclos, K. B., T. J. Bucci, et al. (2000). " Effects of dietary genistein exposure during
development on male and female CD rats." In prep (Unpublished Abstract).

Chemical: Genistein

Raw data provided: In thisstudy, female rats were dietarily exposed to genistein (0, 5, 25, 100,
250, 625, and 1250 ppm). The primary variables of interest were male reproductive tract organ
weights (testes, prostate), perinatal responses (birthweight, AGD), markers of puberty (vaginal
opening and preputial separation) and mammary gland pathology (not analyzed here).
Statistical Methodology

Mixed effects models were applied to all responses with litter/birthdam entering these models as
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arandom effect. All comparisons of the exposed groups to the control groups were conducted
using Dunnett's procedure. Linear trends were evaluated by fitting regression models with
random intercepts, a mixed model, to these data. Body weight was considered as a potential
covariate in these analyses.

One concern with the analysis of the puberty data (preputial separation and vaginal opening day)
was that at the time when the experiment was concluded (50 days), not all events had been
observed. A crude imputation of value was conducted in this case where a value of 50.5 was
assigned to these censored observations. Nine of the 137 observations in this data set had values
imputed in this fashion. These nine values were distributed across all concentration conditions
with no concentration having more than 20% censored. Vaginal opening data were not analyzed
here.

Results:

1. Maleorgans. In mixed modeling with body weight as a covariate, no chemical effects on the
dorsal prostate. For testes and ventral prostate responses, an interaction between dose and body
weight was observed along with a dose effect. 1n other words, dose-related effects were
observed for the testes and ventral prostate; however, this effect differed for animals of different
body weights. Birthdam was an important source of variability in this analysis accounting for
anywhere from 10% (testes) to 40% (ventral prostate) of the total variability.

2. Preputial Separation: None of the concentration groups differed from the controls.
Birthdam/litter was a significant source of variability in this analysis.

Commentary:

Thiswas similar to the analytic strategy reported by the investigators although no analysis of
organ weight ratios was conducted. Not all responses were included in the data provided.

2. Delclos, K. B., J. R. Latendresse, et al. (2000). " Effects of dietary ethinyl estradiol
exposure during development on male and female CD rats." In prep (Unpublished
Abstract).

Chemical: Ethinyl Estradiol

Raw data provided: In thisstudy, female rats were dietarily exposed to ethinyl estradiol (O, .1, 1,
5, 25, 100, and 200 ppb). The primary variables of interest were perinatal responses
(birthweight, AGD), and markers of puberty (vaginal opening and preputial separation).
Statistical Methodology

Mixed effects models were applied to the puberty responses with litter/birthdam entering these
models as arandom effect. All comparisons of the exposed groups to the control groups were

conducted using Dunnett's procedure. Linear trends were evaluated by fitting regression models
with random intercepts, a mixed model, to these data.
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Simple ANOV A models were applied to the birth weight and AGD data since these were aready
composite measurements defined for each litter. Dunnett's procedure were used to evaluate
differences between the various concentration conditions and the control group.

One concern with the analysis of the puberty data (preputial separation and vaginal opening day)
was that at the time when the experiment was concluded (50 days), not all events had been
observed. A crude imputation of value was conducted in this case where a value of 50.5 was
assigned to these censored observations. Vaginal data opening age required very little
imputation of values (only 1 of 138). Preputial separation day was more severe. Censoring of
these observations was most extreme in the 200 ppb concentration where 17 of 20 observations
were imputed. The other 11 imputed values were distributed over the other 6 concentration
conditions.

Results:

1. Perinatal responses. None of these responses, ranging from male AGD to pct. malesin the
litter exhibited a trend over the concentrations.

2. Preputial Separation: Only the 200 ppb group exhibited preputial separation day significantly
different from the control group. A significant positive linear trend was a so detected for this
response. Birthdam/litter was a significant source of variability in this analysis (approx. 44% of
total variability attributable to this component). The general pattern was for slight/no decrease
before an increase in response

3. Vagina opening day: Only the 200 ppb group exhibited vagina opening day significantly
different from the control group. A significant negative linear trend was also detected for this
response. Birthdam/litter was a significant source of variability in this analysis (approx 50% of
total variability attributable to this component). The general pattern was for slight/no increase
before decrease in response.

4. Ovary weight - In our initial analysis, which used all the data provided to us, we felt that the
ethinyl estradiol effect on ovary weight was less impressive than reported by the authors.
However, in response to our concerns, the authors stated that they had plotted the data and that

"Examination of these plots indicated that one of the ovariesin the high dose, animal 74 in the
200 ppb dose group, was an outlier with ahigh ovary weight. The individual animal pathology
report indicates that this animal had ovarian cysts; the only animal in the experiment that had this
condition. This perhaps explains the high ovary weight for thisanimal. The results| reported in
the narrative were based on the analysis of the data with this outlier excluded.”

We agree that the ovary weight of thisanimal (0.214) was well outside the range for the other
animalsin this group (0.05 to 0.101), and that the authors' reasons (statistical and biological) for
excluding this animal seem reasonable. With this animal excluded, we agree that the reduction
in ovary weight in the 200 ppb dosed group (after adjusting for body weight and litter effects) is
highly significant (p<0.01). Itisamatter of scientific judgement if the 24% reduction in
(adjusted) ovary weight at this dose is sufficiently impressive to be termed "dramatically
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affected" as the authors characterize the response.

5. Testisweight - We agree with the authors that testis weight is significantly (p<0.05) reduced
in the top dose (200 ppb) group. However, the characterization of the testis weight as "starting to
decline" at 100 ppb is perhaps a bit of a stretch, since this decrease (after adjusting for body
weight and litter effects) isonly 1%. Thus, this appearsto be basically a high dose only effect.
However, we consider thisto be a minor point in any case.

6. Prostate weight - Ventral prostate weight was unaffected. After adjusting for body weight
and litter effects, dorsal prostate weight was marginally (p=0.055) increased in the 5 ppb group.
The slight elevations in the other dosed groups were not statistically significant. The slight
increase in the 5 ppb group may or may not be biologically important.

3. Delclos, K. B., J. R. Latendresse, et al. (2000). " Effects of dietary p-nonylphenal
exposure during development on male and female CD rats." In prep (Unpublished
Abstract)

Chemical: Nonylphenol

Raw data provided: In thisstudy, female rats were dietarily exposed to

nonylphenoal (0, 5, 25, 200, 500, 1000 and 2000 ppm). The primary variables of interest were
mal e reproductive tract organ weights (testes, epididymis, seminal vesicle, prostate), markers of
puberty (vaginal opening and preputial separation) and epididymal sperm count.

Statistical Methodology

Mixed effects models were applied to al responses with litter/birthdam entering these models as
arandom effect. All comparisons of the exposed groups to the control groups were conducted
using Dunnett's procedure. Linear trends were evaluated by fitting regression models with
random intercepts, a mixed model, to these data. Body weight was considered as a potential
covariate in these analyses.

One concern with the analysis of the puberty data (preputial separation and vaginal opening day)
was that at the time when the experiment was concluded (50 days), not all events had been
observed. A crude imputation of value was conducted in this case where a value of 50.5 was
assigned to these censored observations. This did not occur in the vaginal opening data set;
however, it was quite common, especially in the 2000 ppm group, for the preputial separation
response. In fact, 16 of the 20 animalsin the 2000 ppm group in the preputial separation study
were censored observations.

Results:
1. Maeorgans: In mixed modeling with body weight as a covariate, no chemical effects on the
prostate or seminal vesicle was observed. For testes and epididymis responses, an interaction

between dose and body weight was observed along with adose effect. In other words, dose-
related effects were observed for the testes and epididymis; however, this effect differed for
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animals of different body weights. Birthdam was an important source of variability in this
analysis accounting for anywhere from 8% (epididymis) to 50% (testes) of the total variability.

2. Epididymal sperm count: All of the concentration groups except the 2000 ppm group differed
from the control. Eight of the 15 animalsin the control group had zero counts recorded for
sperm production. This dramatically reduced the mean value for the control group response
which may explain the pairwise results. The general pattern was for slight/no increase before
decrease in response (figure not included).

3. Preputial Separation: Only the 2000 ppm group exhibited preputial separation day
significantly different from the control group. A significant positive linear trend was also
detected for thisresponse. Birthdam/litter was a significant source of variability in this analysis.
The general pattern was for slight/no decrease before an increase in response (figure not
included).

4. Vagina opening day: Only the 2000 ppm group exhibited vaginal opening day significantly
different from the control group. A significant negative linear trend was also detected for this
response. Birthdam/litter was a significant source of variability in thisanalysis. The general
pattern was for slight/no increase before decrease in response (figure not included).

Commentary:

Thiswas similar to the analytic strategy reported by the investigators
although no analysis of organ weight ratios was conducted in our re-evaluation.

4. Germolec, D. R., J. A. Munson, et al. (2000). " Immunotoxicity of genistein in male and
female Sprague Dawley rats." (Unpublished Final Report).

We were provided with the Executive Summary. More detailed written reports for this study
were later received from the authors.

Raw data provided: Bone marrow cell number and colony forming unit (CFU) data and anti-
CD3 datafor male and female Sprague Dawley rats receiving dietary exposure of 0.0, 25, 250 or
1250 ppm genistein for 77 days.

Comments on statistical methodol ogy:

(1) We agree with the statistical methods used, except that Dunnett's test does not require an
overall ANOVA to be significant.

(2) The Executive Summary tables list only the "maximum effect” (and corresponding dose) for
each variable, which could potentially be misleading, because it does not distinguish situationsin
which all three doses produce a significant effect and those for which only a single dose
produces a significant effect.
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Results
A. Bone marrow CFU data (Tables 1 and 2)

We agree with the authors' conclusion that "A statistically significant [p<0.01] dose-dependent

decrease of 33% in CFU/GM x 105 cellswas seen in the F1 generation male rats at 250 and 1250
ppm. A statistically significant decrease of 41% in cells/femur was observed in the F1
generation female rats at the high dose."

However, there are two other effects related to the lowest (25 ppm) dose that are not mentioned
in the Executive Summary:

(i) The authors found (and we agree) a significant (p<0.05) 17% increase in CFU/GM x 10%in
the 25 ppm F1 femalerats.

(i) Although the authors did not report this as statistically significant (and we agree), there was
a suggestive (p=0.06) 28% decrease in cells/femur in the 25 ppm F1 males. This change may or
may not be biologically important, but a very similar 28% decrease was also seen at this dose (25
ppm) in F1 females. A more global statistical analysis considering males and femal e together
would find asignificant (p<0.01) decrease at the 25 ppm dose level.

Finally, we note that the three page Executive Summary Tables make no mention of the CFU
data, although these data were deemed by the Organizing Committee (along with the anti-CD3
data) to be the most important data from this study.

B. Anti-CD3 stimulation data (Tables 13-15)

We agreein principle with the authors conclusion regarding these data. However, the Executive
Summary and associated tables do not note the following effects.

(i) For the FO females, the authors correctly report in their summary table that the 77% increase
in unstimulated cultures found in the 1250 ppm animals was significant (p<0.01). However, they
do not mention that the 36% increase seen at the 250 ppm group was aso significant (p<0.05).

(i) For the F1 males, the authors correctly report that there was a significant (p<0.01) increasein
stimulated cultures in the 1250 ppm group, although they mis-report the magnitude of the
increased response, which based on the summary statistics in their Table 13 was 59%, not 68%
asisreported in their Executive Summary Table. Moreover, the Executive Summary Table
makes no mention of the highly significant (p<0.01) increases in this variable also observed in
the 250 ppm (47% increase) and 25 ppm (57% increase) groups.

Similarly, the authors' Executive Summary table correctly notes the significant (p<0.01) 33%

increase in total cellsin the 1250 ppm group, but makes no mention of the similar significant
(p<0.05) increases observed in the 250 ppm (28% increase) and 25 ppm (29% increase) groups.
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(iii) For the F1 females, the Executive Summary table correctly notes the significant (p<0.01)
41% increase in stimulated cultures observed in the 1250 ppm group. However, it makes no
mention of the significant (p<0.05) increases seen in the 250 ppm (33% increase) and 25 ppm
(26% increase) groups.

(iv) Although it made no difference to the final conclusions, the raw data given to us had only six
(not seven) control values for spleen cell cultures unstimulated for the F1 males, and the
resulting mean was slightly lower than the value reported by the authorsin Table 13.

Comment

These data were received on September 9, well beyond the second requested submission date.
Because of the high priority assigned to these data by the Organizing Committee and the lateness
of the submission, the Chairman of the Statistics Subpanel decided to analyze these data himself.
This (and the two companion Germolec studies of methoxychlor and nonylphenol discussed
below) isthe only dataset for which there could be a perceived conflict of interest, in that both
Drs. Germolec and Haseman are NIEHS scientists. However, Dr. Haseman had no prior
involvement with this study and did not provide the original statistical analysis.

5. Germolec, D. R., J. A. Munson, et al. (2000). " Immunotoxicity of methoxychlor in male
and female Sprague Dawley rats." (Unpublished Final Report).

We were provided with the Executive Summary. More detailed written reports for this study
were later received from the authors.

Raw data provided: Bone marrow cell number and colony forming unit (CFU) data and anti-
CD3 datafor male and female Sprague Dawley rats receiving dietary exposure of 0, 10, 100 or
1000 ppm methoxychlor for up to 82 days.

Comments on statistical methodology:

(1) We agree with the statistical methods used, except that Dunnett's test does not require an
overall ANOVA to be significant.

(2) The Executive Summary tables list only the "maximum effect” (and corresponding dose) for
each variable, which could potentially be misleading, because it does not distinguish situationsin
which all three doses produce a significant effect and those for which only a single dose
produces a significant effect.

Results

A. Bonemarrow CFU data (Tables 3 and 4)

We agree with the authors' conclusion that "A statistically significant increase was observed [for

F1 males] with the CFU-GM/1 x 105 cells at the 100 ppm and 1000 ppm doses of 18% and 22%.
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5

In F1 generation female rat study, a significant decrease was observed in CFU-M/1 x 10~ at the

1000 ppm dose of 23%."

However, there are several significant (p<0.01) effects related to the lowest (10 ppm) dosein F1
males that are not mentioned in the Executive Summary:

(i) The 10 ppm group produced a significant (38%; p<0.01) reduction in cells/femur relative to
controls; and

(i) The 10 ppm dose produced a significant (43%; p<0.01) decrease in CFU-GM/femur and in
CFU-M/femur relative to controls.

These significant low dose effects were not seen in the F1 females.

We had one minor numerical disagreement: For male F1 CFU-E/femur controls, the raw data
provided to us had ten animals rather than nine, as given in the authors Table 3. We found the
mean control response to be 9.45, not 9.7, and both the 10 and 1000 ppm reductions were
significant (p<0.05). The authors reported no pairwise significance for this variable, although
they noted a significant (p<0.05) trend.

B. Anti-CD3 stimulation data (Tables 14-16)

We agree with the authors' interpretation of these data as given in the Executive Summary and in
Tables 14-16. Perhaps the most notable effect is the significant (p<0.01) increasein
unstimulated spleen cell cultures and significant (p<0.05 or p<0.01) increases in CD3 stimulated
spleen cell cultures observed in F1 males that were significant at all three dose levels, including
the lowest dose level of 10 ppm. The significant low dose (10 ppm) effects were not seen in the
F1 females.

Table 15 mis-reports the number of animals in the 10 and 100 ppm F1 male groups. There were
ten animals in these groups, not nine.

Comment

These data were received on September 9, well beyond the second requested submission date.
Because of the high priority assigned to these data by the Organizing Committee and the lateness
of the submission, the Chairman of the Statistics Subpanel decided to analyze these data himself.
This (and the two companion Germolec studies) is the only dataset for which there could be a
perceived conflict of interest, in that both Drs. Germolec and Haseman are NIEHS scientists.
However, Dr. Haseman had no prior involvement with this study and did not provide the original
statistical analysis.

6. Germolec, D. R., J. A. Munson, et al. (2000). " Immunotoxicity of nonylphenol in male
and female Sprague Dawley rats." (Unpublished Final Report).

We were provided with the Executive Summary. More detailed written reports for this study
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were later received from the authors.

Raw data provided: Bone marrow cell number and colony forming unit (CFU) data and anti-
CD3 datafor male and female Sprague Dawley rats receiving dietary exposure of 0, 25, 500 or
2000 ppm nonylphenol for 77 days.

Comments on statistical methodology:

(1) We agree with the statistical methods used, except that Dunnett's test does not require an
overall ANOVA to be significant.

(2) The Executive Summary tableslist only the "maximum effect” (and corresponding dose) for
each variable, which could potentially be misleading, because it does not distinguish situationsin
which all three doses produce a significant effect and those for which only a single dose
produces a significant effect.

Results
A. Bone marrow CFU data (Tables 4 and 5)

We agree with the authors' conclusion that "A statistically significant decrease of 29% in CFU-

E/2 x 105 cells was seen in the F1 generation male rats at 2000 ppm. With the F1 generation

female rats, a significant increase in the CFU-GM/1 x 105 cells of 25% was observed at the high

dose along with an increase of 34% in the DNA synthesis." We also agree that no other CFU
variables showed significant pairwise differences with the following exceptions (correctly noted
in the authors Tables 4 and 5 and Executive Summary tables, but not reported in the Executive
Summary text):

(i) asignificant (p<0.05) 18% decrease in DNA synthesis in the 25 ppm F1 males; and
(i) asignificant (p<0.05) 11% decrease in CFU-M/1 cellsin 500 ppm F1 females.

The biological judgement is made by the authors (see Executive Summary Table) that neither of
these two significant decreasesis biologically meaningful. The Statistics Subpanel defersto
expert scientific judgement on this matter.

B. Anti-CD3 stimulation data (Tables 15-17)

We agree in general with the authors' interpretation of these data as given in the Executive
Summary and in Tables 15-17. Perhaps the most notable effect is the significant (p<0.05 or
p<0.01) increase in unstimulated spleen cell cultures and significant (p<0.05 or p<0.01) increases
in CD3 stimulated spleen cell cultures observed in F1 females that were significant at all three
dose levels, including the lowest dose level of 25 ppm. In fact, the increases in the 25 ppm group
(64% and 27% respectively) were even greater than the increases seen at the 2000 ppm group
(57% and 23% respectively). The increases were greatest in the mid dose (500 ppm) group:
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92% and 37%.

F1 males also showed significant increases in these two variables in the 500 and 2000 ppm
groups, but there was no evidence of an increase in the 25 ppm group.

One minor numerical discrepancy: Table 16 reported 10 control animals for unstimulated spleen
cultures. However, only nine control values were provided in theraw data. This had little effect
on the reported statistical results.

One minor statistical discrepancy: we found the 36% increase in total cells for the F1 femalesin
the 500 ppm group to be significant (p=0.04), while the authors report no significance for this
dose. Thereason for this difference isthat the authors required a significant overall ANOVA
before applying Dunnett's test (which is unnecessary as noted above), and the overall ANOVA p
value was p=0.06. It isdebatable if this marginal increase in the mid dose group is biologically
important in any case.

Comment

These data were received on September 9, well beyond the second requested submission date.
Because of the high priority assigned to these data by the Organizing Committee and the lateness
of the submission, the Chairman of the Statistics Subpanel decided to analyze these data himself.
This (and the two companion Germolec studies) is the only dataset for which there could be a
perceived conflict of interest, in that both Drs. Germolec and Haseman are NIEHS scientists.
However, Dr. Haseman had no prior involvement with this study and did not provide the original
statistical analysis.

7. Laurenzana, E. M., C. C. Waelis, et al. (2000). " Effect of nonylphenol on serum
testosterone levels and testicular steroidogenic enzyme activity in neonatal, pubertal, and
adult rats." In prep (Unpublished Abstract).

Raw data provided: In this multigenerational study, male rats were dietarily exposed to O, 25,
200 or 750 ppm nonylphenol. The primary variable of interest was neonatal serum testosterone.

Statistical Methodology

Polynomial regression models were separately applied to the three generations (F1, F2, F3).
Litter membership information was only available for the F1 generation. In addition, mixed
effects anova were used to determine which concentrations differed from the control group.

Therefore, mixed effects models were considered for F1 while ordinary multiple regression

models were considered for F2 and F3.

Results:

(1) While aquadratic effect is suggested in generation F1, it appears that no dose-related
changes are observed in either generation F2 or generation F3 (figure not included).
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(2) Generation 1 modeling: A model with linear and quadratic dose effects was a significant
improvement over amodel with only linear dose effects. In this model, both linear and quadratic
effects were significant (P=0.014 for the linear term; P=0.29 for the quadratic term). A
categorical analysis did not provide significantly better fit (X2=5.0, df=3, P=0.17). Inthe
categorical data analysis, Dunnett's procedure was used to compare the dose groups with the
controls (via SAS PROC MIXED LSMEANS statement specifying all differencesrelative to
controls). All dosed groups differed from controls. dose=25 ppm (P=.06), dose=200 ppm
(P=.007) and dose=750 ppm (P=.013). Litter was aimportant source of variability accounting
for over 50% of the total variability.

(3) Generation 2 and 3 modeling: No effects of dose on neonatal testosterone were observed in
either generation 2 or generation 3.

Commentary/Limitations:

There was no way to cross reference data with published results since only abstract information
was provided to summarize these studies

8. Laurenzana, E. M., C. C. Waelis, €t al. (2000). " Effect of dietarily administered endocrine
active agents on hepatic testoster one metabolism, CY P450, and estrogen receptor alpha
expression.” In prep (Unpublished Abstract).

Chemicals. Nonylphenol, Genistein, Ethinyl Estradiol

Raw data provided: In thisstudy, female rats were dietarily exposed to ethinyl estradiol (O, 1,

25, 200 ppm), genistein (0, 25, 250, 1250 ppm) or nonylphenal (0, 25, 500, 2000 ppm). The
primary variables of interest were hepatic testosterone metabolism, CY P450 expression, and ERa
levelsin liver following exposure.

Statistical Methodology

Regression models were applied using the hepatic testosterone metabolism variables, CY P450
expression, and ERalevelsin liver following exposure as the response variables. Initialy,
simple linear regression models were employed using chemical concentrations as the predictor
variable. Residual analyses suggested some heterogeneity in the responses. Logl0
transformations were employed to address this heterogeneity. Linear regression models were
then applied to the log-transformed responses. In addition, one-way ANOV A models were
applied to the log-transformed responses. All comparisons of the exposed groups to the control
groups were conducted using Dunnett's procedure.

Results:
Ethinyl Estradiol

1. The one-way ANOV A models suggested that no concentration-related differences were
present for testosterone (F=2.75, P=.09), or DHT Dioal. (F=1.42, P=.286). The remaining
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responses all exhibited significant patterns in which at least one concentration condition differed
from the other conditions. For andro. (F=4.09, P=.03), DHT (F=10.03, P=.0014), 2a

(F=5.22, P=.016), 7a (F=13.28, P=.0004), 16a (F=17.35, P<.0001), and ERa (F=17.70, P<.0001).
For the responses where differences where observed the following concentrations differed from
controls: for DHT, 1 ppm; for 2a, 200 ppm; for 7a, 25 ppm and 200 ppm; for 16a, 200 ppm and
for ERa, 1 ppm, 25 ppm and 200 ppm differed.

2. Trends were evaluated in these responses using the linear regression with the log-transformed
responses. Significant negative trends were observed for andro. (b1=-.002, P=.03), 2a (b1=-.001,
P=.003), 7a (b1=-.002, P=.001), and 16a (b1=-.003, P<.001), while significant positive trends
were observed for DHT (b1=.002, P=.004)and ERa (b1=.002, P=.02).

Genistein

1. The one-way ANOV A models suggested that no concentration-related differences were
present for 6b (F=1.91, P=.18). The remaining responses all exhibited significant patternsin
which at least one concentration condition differed from the other conditions. For DHT/ DHT.
diol. (F=3.64, P=.04), 2a (F=6.03, P=.01), 7a (F=12.06, P=.001), 16a (F=11.18, P=.001), and
ERa (F=6.83, P=.007). For the responses where differences where observed the following
concentrations differed from controls. for DHT, 250 ppm; for 2a, 1250 ppm; for 7a, 250 ppm;
for 16a, 1250 ppm and for ERa, 1250 ppm differed.

2. Trends were evaluated in these responses using the linear regression with the log-transformed
responses. Significant negative trends were observed for 2a (b1=-.0004, P=.002), 7a (b1=-.0003,
P=.038), and 16a (b1=-.0005, P<.0001) and ERa (b1=-.0001, P=.001).

Nonylphenol

1. The one-way ANOV A models suggested that no concentration-related differences were
present for andro. (F=.74, P=.55). The remaining responses all exhibited significant patternsin
which at least one concentration condition differed from the other conditions. For testosterone
(F=10.34, P=.0012), DHT (F=13.04, P=.0004), DHT. diol. (F=8.04, P=.0033), 2a (F=7.66,
P=.0004), 7a (F=24.18, P<.001), 16a (F=19.82, P<.001), and ERa (F=7.51, P=.0043). The 2000
ppm was the only condition significantly different than the controls for DHT (>controls), 2a
(<controls) and 16a (<controls). All tested doses were significantly greater than the controls for
testosterone and DHTdiol. while only the 25 ppm and 500 ppm groups were significantly greater
than the controls for 7a.

2. Trends were evaluated in these responses using the linear regression with the log-transformed
responses. Significant negative trends were observed for 2a (b1=-.0001, P=.001), and 16a
(b1=-.0003, P<.0001) while significant positive trends were observed for DHT (b1=.0004,
P<.001) and testosterone (b1=.0001, P=.008).

Commentary/Limitations:

There was no way to cross reference data with published results since only abstract information
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was provided to summarize these studies.

9. Meredith, J. M., C. Bennett, et al. (2000). " Ethinylestradiol and genistein, but not
vinclozolin, decrease the volume of the SDN-POA in malerats." Society for Neuroscience
Abstracts (in press). 10. Scallet, A. C., C. Bennett, et al. (1999). " Decr eased volume of the
sexually dimor phic nucleus of the medial preoptic area (SDN-POA) in malerats after
chronic nonylphenol exposure." Society for Neuroscience Abstracts 25: 227.

Raw data provided: the following chemicals and doses were used:

Ethinyl estradiol/ 0, 0.1, 1, 5, 25, 100, 200 ppb
Genigtein, 0, 5, 25, 100, 250, 625, 1250 ppm
Vinclozalin, 0, 2, 10, 50, 150, 300, 750
Nonylphenol , 0, 5, 25, 200, 500, 1000, 2000 ppm

Each chemical was applied at various doses to male and female 50 PND F1 Sprague Dawley
rats. Eight pups per dam were kept with equal numbers of males and females. Dam information
was not available. Treatment was presented in food to dams from GD 7 through birth and then to
pups through PND 50. Paper isalittle vague about how this was done since there is indication
that pups were divided into three separate groups of 70 animals each (35M and 35F) then put on
dosed chow. No discussion was provided of nonylphenol rates or application.

Comments on Statistical Methodol ogy

Manuscript indicated that at ANOV A based tests were used to test for gender and dose main and
interaction effects for the response SDNPOA (sexually dimorphic nucleus of the medial preoptic
area) for each chemical. Student-Newman-K euls post hoc multiple comparison procedures were
used to separate gender and dose mean effects. One factor General Linear Models werefit to
each combination of chemical and gender separately for the response SDNPOA, and the natural
log of SDNPOA to identify gender by dose response differences.

Reanalysis used both one and two way ANOV A approaches as discussed above but with
Dunnett's, Fisher LSD and the Waller-Duncan procedures additionally computed to examine
dose effect differences, and linear and quadratic regressions of dose on response by gender to
gain some idea of the nature of the trend.

Results:

(1) Vinclozolin: Authors identified strong gender effects that were consistent across all doses
(i.e. nointeraction). Reanalysis confirmsthis. Conclusion isvinclozolin has no effect.

(2) Ethinyl Estradiol: Authors identified no effect in females bur report a significant dose
response for males. The genera trend is to decrease volume of SDNPOA with increasing dose,
with the exception of asmall increase for the 0.1 dose. In comparing gender by dose means,
author noted no gender differences at the 100 dose level even though male volume was over 8x
female volume. Inreanalysis, the dose response for malesis confirmed but shown not to be very
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large. Dunnett'stest shows al effects not significantly different from the zero dose level but
other MCPs show some difference between the low-dose treatments and the high-dose
treatments. Regressions for transformed and untransformed response are significant, with a
quadratic component for transformed response. M eans suggest a decrease in SDNPOA with
increasing dose up to a point at which a smaller response change with increasing dose is
observed.

(3) Genistein: Authors identified clear gender dimorphism for this chemical, with no female
dose response and a non-linear dose response for males (significant gender by dose interactions).
In particular, they noted that the middle range of doses produced significantly smaller SDNPOA
responses that either the zero dose or the higher doses. Reanalysis indicated strong gender by
dose interactions with response but non-significant interactions with log transformed response.
Multiple comparison procedures, including Dunnett's recreated the response pattern suggested by
the author.

(4) Nonylphenol: Authors did not discuss this chemical in the paper provided. Reanalysis
indicated strong gender, dose and gender by dose interactions. The interaction significance was
lost when examining log response. As before, femal e response was overall 8X less than male
response. Dunnett's test suggested that the 200 dose response was significantly different from
doses below or above. Other multiple comparisons tend to blur the significance by suggesting
that dose neighbors to 200 are not significantly different.

(5) Other Analyses: Normal quantile plots of residuals from all analysis models were examined
for obvious non-normality and outliers. Residuals from male data were very normal while data
from female analyses were less normal. This may have been due to the bias caused with fitting
non-significant factorsin the model. No outliers were identified.

Commentary:

The results reported in Meredith et. al were essentially reproduced.

O'CONNOR DATASETS

1. Biegd, L.B.,J. C. Cook, et al. (1998). " Effects of 17p-estradiol on serum hormone
concentrations and estrous cyclein female Crl:CD BR rats: effectson parental and first
generation rats." Toxicological Sciences 44: 143-154.

Raw data provided: Ratswere exposed to dietary concentrations of 0, 0.05, 2.5, 10, or 50 ppm
17beta estradiol. Endpoints of interest included

(i) serum hormone concentrations from P1 female rats at the one week (Table 1), 28 days (Table
2) or 90 days (Table 3)

(i) serum hormone concentrations from F1 female rats at postnatal day 98 (Table 4).
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Comment on Statistical Methodol ogy

The authors use Jonckheere's trend test, awidely used and appropriate nonparametric procedure.
However, we have some reservations regarding its use in this particular setting. Perhaps our
greatest concern with Jonckheere'stest isthat it assumes a monotonic (i.e., consistently
increasing or consistently decreasing) dose-response trend. Whileit is not clear if "low-dose
effects" are suspected in this particular study, such effects that are associated with aU (or
inverted U) shaped dose-response curve might not be detected by Jonckheere'stest. Two
possible examples of this occurred in this study (see discussion of LH and prolactin below).

Results (from Tables 1-4)
Estradiol

We agree with the authors that serum E2 concentrations were increased in a dose-dependent
manner at al time pointsin rats fed 2.5, 10, and 50 ppm 17beta estradiol. Thisincrease was seen
regardless of stage of estrous cycle.

Progesterone

We agree with the authors that serum p4 concentrations were not affected in the 1 day and 28
day groups. We also agree that at the 90 day time point serum p4 concentrations were decreased
in adose-related manner, and were reduced even at 0.05 ppm. These decreases appeared to be
essentially independent of stage of estrous cycle. We also agree that F1 femal e rats showed a
similar decrease on Postnatal Day 98 in the 2.5 ppm (but not the 0.05 ppm) dosed group.

LH

For the 1-week and 28 day time points, we agree that the decrease in the 50 ppm group is
significant (p<0.05), but by Dunnett's test the slight decrease at 10 ppm was not statistically
significant. We agree that at 90 days, there is a significant (p<0.05) decrease in the top three
dosed groups (Table 3).

For the F1 data we may have some disagreement. The authors conclude that "LH concentrations
were not affected by 17beta estradiol administration in the F1 generation” (page 147). The data
suggest otherwise. The increased response in the low dose (0.05 ppm) group (2.4 vs. 2.1; see
Table 4) iseven more impressive that the decreases flagged by the authors as significant in
Tables2 (1.9vs. 1.7) and 3 (2.3 s. 2.1 in two dosed groups). Thisincreaseis significant (p<0.05)
by Dunnett's test.

The most likely explanation for this finding is that Jonckheere's test (which is somewhat
insensitive to such a U shaped dose-response curve) was not significant, so the authors
concluded that no significant effects occurred in any dosed group. While an increase of this
magnitude may or may not be biologically important, it should have been identified as
statistically significant by a methodology sensitive to such patterns of response. That isone
reason why the Statistics Subpanel has concerns about Jonckheere's test being the sol e statistical

A-38



methodology for these data.

Note: In response to this concern, the authors stated that "we are testing specifically for a
decrease in these endpoints’, and thus (paraphrasing the words of the authors) since Jonckheere's
test indicated a significant decreasing trend, and the test assumes monotonicity of response, any
apparent "significant” increase in LH at alow dose isinconsistent with the assumed pattern of
dose-response and thus biologically unimportant.

FSH

We aso have some possible disagreement regarding the interpretation of thisvariable. Thisis
the one variable in which there appears to be a significant interaction between 17beta estradiol
and estrous cycle. This can be clearly seenin Tables 2, 3 and 4 and is even suggestive in Table
1. Thissignificant interaction means that the effect of 17beta estradiol is significantly different
during some stages of the estrous cycle than during others.

A closer look at these data suggests (especialy for 28 and 90 days) that there is a significant
(p<0.05 by Dunnett's test) decrease in FSH during the estrous cycle in the 10 and 50 ppm groups
at 28 days and in the 50 ppm group at 90 days. There was aso a dight (but non-significant)
decrease in FSH in the top dose group at one week (Table 1) and in the F1 animals (Table 4).
The authors note these reductions, but dismiss them.

The Statistics Panel has had little direct experience with this variable and do not know whether it
isbiologically plausible for high doses of 17beta estradiol to have an inhibitory effect on FSH
that islimited to animalsin the estrous cycle. However, that is what the data are suggesting.

Prolactin

The Statistics Subpanel may have some disagreement regarding this variable. At one week, the
authors report that a very modestly increased response in the high dose group (26.9 vs 22.5) is
statistically significant. Here again, thisisaresult of a non-monotonic, U shaped dose-response
curve being evaluated by Jonckheere'stest. This"significantly elevated” response in the top
dose group is the lowest of the mean responses in any of the dosed groups, even lower than the
(apparently non-significant) response of 28.6 in the 0.05 ppm group. By Dunnett's test, only the
response in the 10 ppm group is significantly elevated.

Note: In response to this concern the authors stated that in their experience the procedure used to
collect blood "introduces a great deal of stressin the animals and will result in higher variability
in the prolactin data. Unfortunately, this was not discussed in the current manuscript." They
conclude that "the interpretation of the prolactin datais likely confounded by increased
variability." It isunclear whether or not this interpretation of the datawas given in the
manuscript.

We agree with the authors that in the 28 and 90 day top dosed group, prolactin is significantly
(p<0.05) increased. We aso agree that there is no significant effect in the F1 group (Table 4).

A-39



2. Biegd, L.B., J. A. Flaws, et al. (1998). " 90-day feeding and one-gener ation reproduction
study in Crl:CD BR ratswith 178-estradiol." Toxicological Sciences 44: 116-142.

Raw data provided: Ratswere exposed to dietary concentrations of 0, 0.05, 2.5, 10, or 50 ppm
17beta estradiol. Endpoints of interest included

() body weights (Table 5) and epididymides, accessory gland and testes weights (Table 6) for P1
adult malerats.

(i) body weights (Table 5) and uterus and ovary weights (Table 7) for P1 adult female rats.
(iii) ovaries and uterus histopathology for P1 adult female rats (Table 9)

(iv) mammary gland differentiation data (mammary gland labeling indices) for P1 and F1 female
rats (Table 11)

(v) uterine marker data (uterine stromal cell and epithelial cell proliferation labeling indices for
P1 and F1 femalerats (Table 12)

(vi) reproductive indices (mating index; fertility index) for P1 generation (Table 13).
(vii) anogenital distance, preputial separation,and vaginal opening data for F1 animals (Table 17)

(viii) body weights (Table 19) and epididymides, accessory gland and testes weights (Table 20)
for F1 adult male rats.

(ix) body weights (Table 19) and uterus and ovary weights (Table 21) for F1 adult female rats.
Comments on Statistical Methodol ogy

The authors' Statistical Methodology Section is quite extensive, and we agree in general with the
methods used. We have the following comments:

(1) Scheffe'stest isarather conservative multiple comparisons procedure. It isunclear why the
authors chose this particular method for ovarian follicle number, while choosing alternative
procedures for other variables of interest.

(2) Dunnett's test does not require the significance of an overall ANOVA.

Note: In response to this concern the authors agreed and stated that there was a " mis-statement
in the paper" and that Dunnett's test was in fact carried out independently of an ANOVA. We
agree with this approach.

(3) The authors state that "Incidences of clinical observations were evaluated by the Fisher's

exact test with aBonferroni correction, and, when significant, the Cochran-Armitage trend test."
This seems to mean that the trend test was carried out only when the pairwise comparisons were
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significant, which is not the usual approach. Perhapsthe wording isjust unclear. Also, we see
no reason to use the Bonferroni correction for the Fisher's exact test, especially if the Cochran-
Armitage trend test is used to control the experiment-wide error rate. While there is nothing
"wrong" with using a Bonferroni adjustment, it resultsin arather conservative test.

Note: In response to this concern the authorsreplied: "only the analysis from the Cochran-
Armitage test was included in the manuscript. Therefore, the text in the manuscript was not
correct.”

Results
Table5

We agree with the authors that for both males and females, the top three 17beta-estradiol doses
significantly (p<0.05) reduced body weight.

Table 6

The only biologically important organ weight effects (by ANCOVA) appear to be markedly
reduced testis, epididymides, and accessory sex gland weightsin the 50 ppm dosed group.
Additionally, the reduced accessory sex gland weight in the 10 ppm dosed group is significant
(p<0.05). Organ and body weights were significantly (p<0.05) correlated. These conclusions
are consistent with those of the authors.

Table7

Ovary, but not uterus, weight is significantly (p<0.05) correlated with body weight (within
groups). We agree with the authors that the top two doses (10 and 50 ppm) increase uterus
weight and decrease ovary weight, although the statistical significance obtained by Dunnett's test
for the top dose uterus weight was p=0.06. The reduced ovary weight in the 2.5 ppm group
(following ANCOVA and Dunnett's test) is also borderline: p=0.05.

There isaminor typographical error in thistable: the correct SD for 10 ppm uterus weight
should be 0.526, not 0.256.

Table9

We agree with the authors that epithelial hypertrophy of the uterusis significantly (p<0.01)
increased in the 10 and 50 ppm groups. The authors fail to mention that a similar increase in
uterine hypertrophy (9/9 vs. 1/9) was also observed (and is also significant) in the lowest dose
(0.05 ppm) group. Ovarian atrophy is also significantly (p<0.01) increased in the 10 and 50 ppm
dosed groups.

Note: In response to this concern, the authors stated that the 9/9 response that they reported in

the manuscript for the 0.05 ppm group was a typographical error, and that the correct response
was 0/9.
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Table 11

We agree with the authors' interpretation of these data: generally negative findings with two
marginally significant (p<0.05) decreases in mammary gland labeling indices the middle two
dosed group for P1 female rats at one week. Because of the lack of dose-response and the lack
of consistency of this effect at other time points, we agree that this could be a spurious finding.

Table 12

We agree with the authors' finding that the only statistically significant (p<0.05) effects were
decreases in uterine epithelial cell proliferation labeling indices for 10 ppm and 50 ppm P1
groups at 28 days. We note another typographical error: the mean response for the P1 90 day
top dose group for this variable should be 4.13, not 413. The SD for this group should be 1.957,
not .957.

Table 17

We agree with the authors' finding that (i) anogenital distance in both males and femalesis
unaffected by either 0.05 or 2.5 ppm 17beta estradiol; (ii) the 2.5 dose significantly (p<0.05)
increases the day of preputial separation in males; and (iii) both doses significantly (p<0.05)
reduce the day of vaginal opening in females.

Table 19

We agree with the authors that 2.5 ppm (but not 0.05 ppm) 17beta estradiol significantly
(p<0.05) reduces body weight in F1 adult males and females.

Table 20

The decreased accessory sex gland, testis, and epididymides weightsin 2.5 ppm 17beta estradiol
F1 adult male rats were al secondary to reduced body weight, and were al not significant when
evaluated by ANCOVA. Thereisanother typographical error: the mean accessory gland weight
for top dose males should be 1.66, not 0.660.

Table 21

We agree with the authors that 2.5 and 0.05 ppm 17beta estradiol had no effect on uterus weight
in F1 adult female rats. The ovary weight effect is more interesting.

The authors correctly report that by Dunn'stest (a valid nonparametric multiple comparisons
procedure) that absolute ovary weight is significantly reduced in the top dose group relative to
controls despite the similarity of means (0.141 +- 0.020 vs. 0.136 +- 0.183). However, they
incorrectly report on page 129 that the ovary/body weight ratio was significantly increased in this
group (0.052 +- 0.006 vs. 0.062 +- 0.078). Actually, despite the increase in the mean responsein
the high dose group, the statistical significance from Dunn'stest isfor a significant DECREASE,
not an increase. How can this occur?
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What these investigators failed to recognize (which was strongly suggested by the large SD in
the dosed group) was that the dosed group contained a single ovary weight (0.879 g.) that was
approximately ten times the value of the group mean. We strongly suspect a decimal point error
in this value, but the investigators were unable to confirm this. Asaresult, although the mean
response was indeed slightly elevated in the dosed group relative to controls, the preponderance
of the individual animal data showed the opposite trend, and Dunn's test (which was apparently
carried out correctly) actually identified a statistically significant decrease, not a significant
increase, in the ovary/body weight ratio in the dosed group.

3. Cook, J. C., L. Johnson, et al. (1998). " Effects of dietary 178-estradiol exposure on
serum hor mone concentrations and testicular parametersin male Crl:CD BR rats."
Toxicological Sciences 44: 155-168.

Raw data provided: 1n a 90/day/one-generation study, male and female rats were exposed to
dietary concentrations of 0, 0.05, 2.5, 10, or 50 ppm 17beta estradiol. Endpoints of interest
included

() Testisand epididymisweights (Table 2)

(i) Hormone levels of P1 malerats (Table 3)

(iii) Hormone levels of F1 malerats (Table 4)

(iv) Hormone levels of P1 sperm parameters (Table 5)

(v) Hormone levels of F1 sperm parameters (Table 6)

Comments on Statistical Methodology

The authors' Statistical Methodology Section is quite extensive, and we agree in general with the
methods used. We have the following comments:

(1) Dunnett's test does not require the significance of an overall ANOVA.

(2) The authors use Jonckheere's trend test, awidely used and appropriate nonparametric
procedure. However, we have some reservations regarding its use in this particular setting,
since it assumes a monotonic (i.e., consistently increasing or consistently decreasing) dose-
response trend. Whileit isnot clear if "low-dose effects" are suspected in this particular study, a
U (or inverted U) shaped dose-response curve would likely not be detected as significant by
Jonckheere's test (especially if thetest is applied in a"step-down" fashion) with significant low
dose effects being missed.

Table2

(1) Since body weights were so markedly reduced for these studies, we fedl that in Table 2 the
authors should have presented body weight data and adjusted the organ weights for body weight
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differencesin their assessment of organ weight changes.

(2) For the P1 group, there were marked decreases in body weight in the 2.5, 10, and especially
the 50 ppm groups. In the 50 ppm dose group, the animals were on average approximately half
the size of the controls. This made assessments of changes in organ weight more difficult.

Nevertheless, there was a 4-fold reduction in mean testis weight and a 5-6 fold reduction in mean
epididymis weight in the top dose group that could not be explained by body weight changes.
Similarly, the 10 ppm group showed a significantly (p<0.05) reduced epididymis weight after
adjusting for body weight differences. Both testis weight and epididymis weight were
significantly (p<0.01) correlated with body weight in this study.

(3) For the P1 Recovery group, body weights were still significantly (p<0.05) reduced in the 2.5,
10, and 50 ppm groups, but the reductions were much less than that seen in the P1 animals. For
example, in the top dose group, the reduction in body weight was 17% rather than 50%.

We agree with the authors that none of the testis and epididymis weights in the dosed groups
were significantly different from controls. Moreover, there was not a significant (p<0.05)
correlation between organ and body weight in this study.

(c) For the F1 group there were significantly (p<0.05) reduced body weightsin the 0.05 ppm (8%
reduced) and in the 2.5 ppm (28% reduced) groups. Although epididymis weights were not
significantly affected after adjustment for body weight differences, the increased testisweight in
the 0.05 ppm group was significant (p<0.05) by ANCOVA/Dunnett'stest. That is, the 9%
increase in testis weight, coupled with an 8% decrease in body weight, resulted in a significantly
elevated (adjusted) testis weight in the 0.05 ppm group. Analysis of the testis/body weight ratio
would have produced similar results for this dosed group.

(4) For the F1 recovery group, body weight was still significantly (14%, p<0.05) reduced in the
2.5 ppm group, but there were no significant effects on testis or epididymis weight, after
adjustment for body weight differences.

Tables 3-6

We are in agreement with the authors' interpretation of these data.

4. O'Connor, J.C., S.R. Frame, et al. (1998). " Sensitivity of atier | screening battery
compared to an in utero exposure for detecting the estrogen receptor agonist 173-
estradiol." Toxicological Sciences 44: 169-184.

Raw data provided: Male and ovariectomized female Crl:CD BR ratsreceived intraperitoneal
injections of 0.0, 1.0, 2.5, 7.5, or 50 ug/kg/day 17-betaestradiol. The following endpoints were
evaluated

(i) Uterineweights (Table 1);
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(i) Uterine stromal cell proliferation and epithelia cell height (Table 2);
(iii) Estrogen receptor concentrations (Table 3);

(iv) Serum hormone concentrations in females (Table 4);

(v) Reproductive organ weightsin males (Table 5);and

(vi) Reproductive hormone concentrations in males (Table 6)

Comments on Statistical Methodol ogy

(1) Dunnett's test does not require the significance of an overall ANOVA.

(2) The authors use Jonckheere's trend test, awidely used and appropriate nonparametric
procedure. However, we have some reservations regarding its use in this particular setting,
since it assumes a monotonic (i.e., consistently increasing or consistently decreasing) dose-
response trend. Whileit isnot clear if "low-dose effects’ are suspected in this particular study, a
U (or inverted U) shaped dose-response curve would likely not be detected as significant by
Jonckheere's test (especialy if the test is applied in a"step-down" fashion) with significant low
dose effects being missed. Two possible examples of this occurred in this study (see discussion
of follicle stimulating hormone and luteinizing hormone in Table 4 below).

Results
Table1

We have asingle, but important disagreement with thistable. The increased uterine weight in
the low dose (1 ug/kg/day) group is highly significant (p<0.01). It issignificant by Dunnett's test
(the method of analysis the authors used) with or without adjusting for body weight and with or
without alogarithmic transformation applied to the data. Thislow dose increase in uterine
weight is also highly significant (p<0.01) by a Mann-Whitney U test (the nonparametric method
of statistical analysis the authors use for other data).

Note: The authors responded that " This was an oversight in the preparation of the manuscript.
The authors agree that the uterine weight for the 1.0 mg/kg/day [sic] group was significant.”

Table 2

We agree with the authors' interpretation of these data.

Table 3

We agree in general with the authors' interpretation, but we note that the relatively high estrogen

receptor response in the control group was due primarily to a single extreme value (355.4) that
was nearly 7 times greater than the average of the other five control values (Note the large
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control SE). With this extreme value excluded, the high dose effect looks far less impressive.
In fact, with this value excluded, the increase in the lower two dosed groups (145 or 151 vs. 52)
becomes more impressive than the decrease in the top two dosed groups (35 or 32 vs. 52). Even
with the extreme control value included, the pairwise comparison of high dose vs. control (by
either Dunnett's test or aMann-Whitney U test) is not significant. Thus, this decreased response
may be less impressive that might first appear. The significant trend that the authors analysis
detects is due primarily to the high responses in the two lowest dosed groups vs. the low
responses in the two highest dosed groups. The control response is intermediate between these
two extremes.

Note: The authors response: "The authors acknowledge that the interpretation of the data could
have been confounded by the variability of the data......the authors feel very strongly that these
data suffer from alarge amount of variability and are of 'poor quality' to allow for fair
evauation.”

It isunclear whether or not this interpretation of the data was given in the manuscript.
Table 4

We agree with the authors' interpretation of the estradiol and prolactin data; however, we may
have some disagreement with the interpretation of the hormone concentration data.

For both follicle stimulating hormone (fsh) and luteinizing hormone (1h), the dose-response
curve appears to be non-monotonic (and U-shaped), and thus Jonckheere'stest isinsensitive to
any low dose effects. For fsh the increased response in the lowest dose group (from 116.1 to
153.9) is of greater magnitude than the decreased response in the top dosed group (from 116.1 to
89.2), a decrease that the authors regard as significant. By a Mann-Whitney U test (the
nonparametric pairwise comparison method preferred by these authors) for these variables, the
low dose increase is even more significant (p<0.01) than the high dose decrease. A similar
significant (p<0.05) lowest dose increase occurs for |h. Dunnett's test produces similar results.

Thus, there appears to be a significant (p<0.05) increase in both fsh and |h for the 1 ug/kg/day
17beta estradiol group in this study. Whether or not these increases are biologically important is
amatter beyond the scope of our analysis.

Note: The authors response: "The analysis that was performed on the data was Jonckheere's
trend test. The statistics that were performed did not 'flag’ this data as statistically significant (as
expected since it islooking for a monotonic dose-response).”

See our comment regarding the use of Jonckheere's test above.

Table 5

Our analysis confirms the significant decreases in organ weights observed in the higher dosed
groups and reported by the authors in this table.
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Table 6
We agree with the authors' interpretation of these data.

VOM SAAL DATASETS

1. Alworth, L. C., K. L. Howdeshéll, et al. (1999). Uterineresponse to estradiol: low-dose
facilitation and high-dose inhibition due to fetal exposureto diethylstilbestrol and
methoxychlor in CD-1 mice. Paper presented at the Environmental Hor mones meeting,
Tulane University, New Orleans, October.

Raw data provided: uterusweight data for female CD-1 mice receiving fetal exposureto 0.1 or
1000 ug/kg/day diethylstilbestrol (DES) or to 10 or 10,000 ug/kg/day methoxychlor (MXC). At
seven months of age each female was ovariectomized and implanted with a Silastic capsule
containing 0.5 ug 17beta-estradiol.

In one experiment MXC or DES were given in conjunction with adult estradiol capsule doses of
either 0, 0.25, 0.5 or 1.0 ug.

These data are summarized in Figures 1-6.

Comments on Statistical Methodology

The authors appear to have used a Protected Fisher's LSD analysis to make pairwise
comparisons, athough they describe their procedure slightly differently. Thisis an acceptable
method of statistical analysis for making all possible pairwise comparisons, as noted in the body
of thisreport.

Results

Figure 1 (Experiment 1)

(1) Since the two control groups (feed controls for MXC; s.c. injection controls for DES) showed
no significant differences, they were pooled in our analysis.

(2) We agree with the study authors that body weights were significantly (p<0.01) elevated in the
top dose DES group relative to controls.

(3) We aso agree that uterine weights were significantly (p<0.01) reduced in the top dose DES
group relative to controls.

(4) We do not agree that body weight is significantly correlated with uterine weight in this study.
In fact, the significant correlation found by the authorsis a negative correlation as discussed in
the main portion of this report (see Figure 3), which isin the opposite direction of the association
found by most other investigators (see discussion below). After adjusting for the treatment effect
(i.e., theincrease in body weight and the independent decrease in uterine weight produced by
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DES), there is no significant correlation between uterus weight and body weight with the DES
and control groups. Thus, there is no need to adjust for body weight when evaluating uterus
weight for these data.

(5) For the Figure 1 data, the low dose DES group was 5% heavier on average than the control
group, and the uterine weights were on average 19% greater than controls. Commonly used
methods of adjustment such as the organ/body weight ratio would "weaken™ the differencein
organ weights between the two groups, since the impact of adjusting for the heavier body
weights in animals with heavier uterus weights would be to reduce the difference in the (now
adjusted) uterine weight.

However, in this example, the authors use of ANCOVA actually increases the differencein
uterine weight between the low dose DES and control groups, since the negative correlation
would imply that heavier animalsin general tend to have smaller uteri. However, as noted
above (and illustrated in Figure 3), this negative correlation (within groups) is not statistically
significant in any case in this particular experiment (but see discussion below for other data).
Thus, our analysis did not adjust for body weight and did not find a significant increase in uterus
weight in the low dose DES group.

(6) Theraw dataindicate that the control groups were necropsied on a different date than the
DES animals. Ideally, these groups should be necropsied at the same time, as noted in the body
of this report.

Figure 2 (Experiment 1)

We agree with the study authors that MXC did not significantly ater body weight or uterus
weight relative to controls. Importantly, the p<0.05 result given in Figure 2 is a comparison of
the high dose and low dose groups, not a comparison of the high dose and control groups. We
note that the MXC and control animals were apparently necropsied on the same day in this study.

Figure 5 (Experiment 2)

(1) We agree with the study authors that the 100 mg/kg dose of DES significantly (p<0.01)
increased body weight, while the low DES dose had no effect on body weight. We further agree
that estradiol had no effect on body weight. There were also significant (p<0.01) litter effects for
body weight.

(2) We agree with the study authors that the high dose of DES produced a significant reduction
in uterine weight, and that the magnitude of this reduction increased with increasing doses of
estradiol (i.e., there was a significant estradiol x DES interaction for this group).

(3) The effect of the low dose of DESisnot as clear. The authors report that the increase in
mean uterine weight response seen in the low dose DES group from zero to 1 ug estradiol (from
72 to 357 mg) was significantly greater than the corresponding control increase (from 61 to 268
mg). Our summary mean uterine weights for the low dose DES group (from 77 to 359 mg)
differ slightly than those reported by the authors (from 72 to 357 mg), which probably reflects
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the authors' use of adjusted uterine weights, as discussed below. Importantly, our analysis does
not confirm that this difference in increase between low dose DES and control groupsis
statistically significant. There are several reasons for this.

Figure 5 clearly shows a higher variability in uterine weight response in the the high dose
estradiol groups relative to the lower dosed estradiol groups. This significant heterogeneity
indicates that alog transformation is needed to equalize the variances, and the corresponding
increases in uterine weight response from zero to 1 ug estradiol (4.7 fold increase for the low
dose DES group vs. 4.4 fold increase for controls) was not significantly different. That is, the
estradiol x DES interaction was not significant, indicating a parallel (on alog basis) dose
response curve for the low dose DES and control groups.

Equally important is the adjustment for the highly significant (even within groups) negative
correlation between uterus weight and body weight seen in this study. Although we found the
apparent negative association between uterine weight and body weight for the Figure 1 datato be
not significant, here we agree with the authors that the negative association is statistically
significant (p<0.01). The authors report the significance of this negative correlation as
p<0.0001, and it islikely that the uterus weights they report for the low dose DES groups (given
above) are adjusted uterus weights. Since the low dose DES groups were on average lighter than
the controls, "correcting” for the negative correlation would produce lower adjusted uterus
weights, consistent with the mean uterine weight responses reported by the study authors.

Importantly, the difference between the low dose DES and control groups in the changein
uterine weight across levels of estradiol (i.e., the DES x estradiol interaction) remains non
significant, regardless of whether or not the data are adjusted for body weight. However, the
overall difference in uterus weight between the low dose DES and control groups (averaged over
estradiol levels, i.e,, the "main effect” of low dose DES treatment) is significant at the p<0.05
level.

The authors defend their adjustment for the negative correlation between uterus weight and body
weight, stating that "it is very dangerous and certain to lead to future heartburn for anyone... to
try to decide what is 'right' or ‘wrong' in the functioning of biological systems. Data are data and
must be approached in a neutral manner. Y ou accept the direction of positive relationship
between between 2 variables but not negative. | respectfully strongly disagree with this position.”

The"right" and "wrong" statement above referred to acomment in an earlier draft (a comment
subsequently removed by us) that the negative correlation between uterus and body weight was a
correlation that appeared to be in the "wrong" direction. We agree that "right" and "wrong" are
subjective judgements that should not have been used in this context.

However, the primary statistical evaluator for this study has had experience with dozens of other
studies evaluating changes in uterus weight (in addition to this Appendix, see Kanno, J., Onyon,
L., Haseman, J., Fenner-Crisp, P., Ashby, J. and Owens, W. The OECD Program to validate the
rat uterotrophic bioassay to screen compounds for in vivo estrogenic responses. Phase one -
submitted for publication). Inal of these studies, there was either a significant positive
correlation between uterus weight and body weight or no significant correlation. Thus, a
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significant negative correlation is unique is his experience.

Time does not permit a more detailed examination of thisinteresting negative association. Itisa
fairly pervasive association that is not limited to certain DES/estradiol combinations. Nor isthis
association due solely to the presence of afew animals with high uterine weights.

Figure 6 (Experiment 2)

There is no significant overall difference in uterine weight between either MXC group and
controls over the four different estradiol dosages. Note the high variability in response in the
highest dose estradiol group.

4. Nagel, S. C., F. S. vom Saal, et al. (1997). " Relative binding affinity-serum modified
access assay predictstherelativein vivo bioactivity of the xenoestr ogens bisphenol A and
octylphenol.” Environmental Health Per spectives 105(1): 70-76.

Raw data provided: prostate and body weight data from offspring of pregnant mice fed 2 or 20
ug/kg/day bisphenol A or octylphenol. These data are summarized in Figure 2.

Comments on Statistical Methodol ogy
The statistical methods used by the authorsin this study were appropriate for the data.
Results

(1) We agree with the study authors that the low dose of octylphenol produced a significant
(p<0.05) reduction in body weight. However, a similar reduction in body weight reported as
significant (p<0.05) by the study authors for the low dose bisphenol A group was only
marginally so (p=0.07) by Dunnett'stest. Neither of the high dose groups showed a significant
body weight effect.

(2) We disagree with the study authors that body weight is unrelated to prostate weight. Within
the experimental groups, thereisasignificant (p<0.05) correlation as well as evidence of a body
weight X treatment group interaction (this interaction due primarily to a single datapoint).
Bisphenol A apparently both increases prostate weight and (independently) decreases body
weight. Not adjusting for these treatment effects masks the association between prostate weight
and body weight. These dataillustrate the problem noted in the body of this report about the
possible difficulties of ANCOVA in the presence of treatment effects on both body weight and
prostate weight. Thus, we feel that body weight should be taken into account in the analysis of
prostate weight in this study.

(3) Ascan be seenin Figure 2, there is also significant (p<0.05) heterogeneity in these data,
suggesting that alogarithmic transformation is needed to equalize the variances.

(4) There are a'so minor errors in the error degrees of freedom reported by the study authorsin
severa placesin the paper.
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(5) The Statistics Subpanel found it interesting that the lower doses of bisphenol A and
octylphenol had an impact on body weight while 10-fold higher doses of these compounds did
not.

(6) Importantly, despite these concerns, our reanalysis found that after log transforming the
uterine weights and adjusting for body weight (which appeared to eliminate the heterogeneity),
the elevated prostate weights in the two bisphenol A groups remained significant (p<0.05, rather
than p<0.01) by Dunnett's test, while the dlightly elevated prostate weights in the octylphenol
groups were not significant. Thus, our conclusions regarding elevated prostate weights are
essentially in agreement with the study authors'.

For a comparison of these results with Ashby's attempt to replicate the prostate weight BPA
effects, see the final comments for Ashby Study 1 given earlier in the Appendix.

6. Thayer, K. A.,R. L. Ruhlen, et al. (2000). " Altered reproductive organsin male mice
exposed prenatally to sub-clinical doses of 17a-ethinyl estradiol.” (in press).

Raw data provided: Prostate weights and daily sperm production for CF-1 male mice prenatally
exposed to 0, 0.002, 0.02, 0.2 or 2 ug/kg 17 apha-ethinyl estradiol (EE2) at 50 days or 5 months
of age. These dataare summarizedin Tables| and II.

Statistical Methods

Analysis of variance (ANOVA) was carried out using PROC GLM in the Statistical Analysis
System (SAS). Because only one animal from each litter was used in the experiment, correction
for litter effects was not necessary. Levene'stest for variance homogeneity across dose groups
was conducted for each response variable. For response variables whose variances appeared
heterogeneous across dose groups, logarithmically transformed responses were analyzed, if they
showed a more stable variance. If body weight was significantly (p<0.05) correlated with a
response variable when adjusted for the effect of EE2, then analysis of covariance (ANCOVA)
was conducted, with body weight as the covariate. To help in the interpretation of any
statistically significant (p<0.05) effects of EE2 observed in ANOVA or ANCOVA omnibus
tests, both linear and quadratic dose effects were tested using contrasts whose coefficients were
determined with the ORPOL function in PROC IML. Two-tailed Dunnett's tests were used to
compare each dose group to the control group. For the latter tests, SAS | east-squares means
rather than unadjusted means were used for the comparisons.

Results

Daily sperm Production (DSP) and DSP/g testis (Tables | and I1)

Daily sperm production (DSP) and efficiency (EFF) of DSP measured as DSP/g testis were
analyzed at both 2 months (50 days) and 5 months of age. Neither DSP nor EFF was
significantly correlated with body weight at 2 months of age. The average DSP response at 2

months was significantly different among EE2 groups (p<0.01). There was no statistical
evidence of either alinear or a quadratic dose effect, but each of the dosed groups showed
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statistically reduced DSP relative to the control group (p<0.01 for the 2 ug/kg and 0.2 ug/kg
groups, and p<0.05 for the 0.02 ug/kg and 0.002 ug/kg groups).

DSP variances at 5 months appeared somewhat erratic, but Levene'stest did not indicate
significant heterogeneity. There was no apparent relationship with either dose of EE2 or mean
DSP response; untransformed and |og-transformed responses gave qualitatively similar results.
Hence, only results for the untransformed DSP response are reported. DSP was significantly
(p<0.05) correlated with body weight, but none of the tests showed any significant effect of EE2
on DSP.

The mean EFF response at 2 months was significantly different among EE2 groups (p<0.001).
There was no statistical evidence of either alinear or a quadratic dose effect, but average EFF
was significantly reduced relative to control in all four dose groups (p<0.01).

Like DSP, variances of EFF at 5 months were erratic, but not in any apparent dose- or mean-
related fashion; Levene's test did not indicate significant heterogeneity among dose groups.
Because untransformed and |og-transformed responses gave qualitatively similar results, only
results for the untransformed EFF response are reported. EFF was marginally (p<0.06)
correlated with body weight, but none of the statistical tests showed any significant effect of EE2
on EFF, whether or not body weight was included as a covariate.

Prostate weight (Tables| and 11)

Mean prostate weights at both 2 months (50 days) and 5 months were analyzed. At 2 months of
age, there was no statistical evidence of correlation between prostate weight and body weight.
Average prostate weights differed significantly (p<0.01) among the treatment groups; there was
no statistical evidence of alinear dose effect, but there was evidence of a quadratic dose effect
(p<0.05). While the 0.002 ug/kg group and the 0.2 ug/kg group were not statistically different
from control, the 0.02 ug/kg group was significantly (p<0.01) increased relative to control as was
the 2 ug/kg group (p<0.05).

At 5 months of age, there was no statistical evidence of correlation between prostate weight and
body weight. Average prostate weights differed significantly (p<0.01) among the treatment
groups, but there was no evidence of either alinear or a quadratic dose effect. Significant
increases relative to control were observed for the 2 ug/kg group (p<0.01) and the 0.2 ug/kg
group (p<0.05), with less significant increases in the 0.02 ug/kg group (p<0.06) and the 0.002
ug/kg group (p<0.08).

Commentary

The results reported in Thayer et a. (2000) were essentially reproduced, with only slight
(nonessential) variations, probably resulting from the use of dlightly different statistical methods.
Only the differences between this analysis and the Thayer analysis are now discussed.

1. Dunnett's test was used here for pairwise comparisons to controls instead of the LSD
procedure reported in Thayer et al. (2000). Because of this, some comparisons reported
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here did not achieve the same level of significance asthe LSD results (e.g., DSP at 2
months, prostate weights at 2 and 5 months), although qualitatively the results were the
same.

2. Linear and quadratic contrasts were tested here, unlike in Thayer et a. (2000). Hence,
the significant quadratic effect (p<0.05) on prostate weight at 2 months reported here is
not necessarily in disagreement with Thayer et al.

3. Thisanaysisdid not find a significant correlation between prostate weight and body
weight at 5 months of age, as was reported in Thayer et al. (2000). Thiswas most likely
because this analysis adjusted for the effect of EE2 prior to adjusting for body weight,
whereas the statistical significance for the covariable reported by Thayer et a. adjusted
for body weight first. However, thisis an insignificant point, as the demonstrated effects
of EE2 are qualitatively similar whether or not body weight isincluded as a covariate.

4. The datareported by Thayer et al. (2000) for animals 50 days of age are identical to those
in the submitted datafile for animals 2 months of age. Hence, 2 monthsisthe age
discussed here, whereas 50 days is the age discussed by Thayer et al.

9. vom Saal, F. S, P. S. Cooke, et al. (1998). " A physiologically based approach to the
study of bisphenol A and other estrogenic chemicals on the size of reproductive organs,
daily sperm production and behavior.” Toxicology and Industrial Health 14 (1/2): 239-260.

Raw data provided: seminal vesicles, epididymis, testis, and preputial gland weights, and body
weight from offspring of pregnant mice fed 2 or 20 ng/g bisphenol A (BPA) or octylphenol (OP).
These data are summarized in Table 2. Daily sperm production data were requested, but were
not provided until after the meeting. These data are summarized in Table 1.

Comments on Statistical Methodol ogy

Many of the statistical methods used by the authorsin this study were appropriate for the data.
However, in the application of the LSD test, the authors apparently did not require the overall
ANOVA for among-group differences to be significant before carrying out the pairwise
comparisons. Asnoted in the text, the (protected) L SD test is an acceptable method for making
pairwise comparisons. However, without the "protection” of an overall ANOVA, the LSD test is
prone to false positive outcomes, and these could have occurred in the current study.

Tables 1 and 2 do not indicate if the measure of variability is the standard deviation or the
standard error. It appearsto be the standard error.

The daily sperm production data were provided without animal numbers, so it was hot possible
to "link" directly these responses to those of organ weight. Moreover, for four of the five groups,
the daily sperm production data were evaluated for only a subset of the animals examined for
organ weights, and it was unclear how the subsets were selected. For the fifth group (low dose
OP), all animals with organ weights were evaluated for sperm production, and in fact an
additional animal was evaluated for sperm production that was not evaluated for organ weight.
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Results
A. Organ weights (Table 2)

(1) We agree with the study authors that the low dose of octylphenol produced a significant
(p<0.05) reduction in body weight. However, asimilar reduction in body weight reported as
significant (p<0.05) by the study authors for the low dose bisphenol A group was only
marginaly so (p=0.07) by Dunnett'stest. Neither of the high dose groups showed a significant
body weight effect. These are the same body weight data evaluated previously in the Nagel et al.
study (Vom Saal Study 4). The Statistics Subpanel found it interesting that the lower doses of
bisphenol A and octylphenol had an impact on body weight while 10-fold higher doses of these
compounds did not.

(2) The authors report a marginally reduced (p=0.08) seminal vesicle weight in the low dose
BPA group. By Dunnett'stest, this reduction is not significant (p>0.20). We agree with the
authors that body weight was uncorrelated with seminal vesicle weight in this study.

(3) We agree with the authors that (i) neither BPA nor OP significantly affected testis weight,
and (ii) testis and body weight were significantly (p<0.05) correlated in this study.

(4) We agree with the authors that there appears to be an association between epididymis weight
and body weight. However, by Dunnett's test, the slight reduction in (adjusted) epididymis
weight in the two BPA groups was not significant (p>0.15).

(5) We agree with the authors that preputial gland weight is not significantly correlated with
body weight. The authors report a significant (p<0.05) elevation in preputial gland weight in the
low dose BPA group, whereas by Dunnett's test, this difference not significant.

B. Daily Sperm Production (Table 1)

(1) We agree with the authors that the low dose OP group shows a significantly (p<0.05) reduced
daily sperm production relative to controls. However, had the authors used a protected L SD te<t,
the p value associated with this comparison would have been only p=0.06 - the significance of
the overall difference among the five groups as determined by ANOVA.

(2) We were unable to confirm any of the summary statistics reported in Table 1 for sperm
efficiency based on the raw data provided to us. However, the discrepancies in mean values
were al lessthan 2%. By Dunnett's test none of the reductionsin (log-transformed) sperm
efficiency were statistically significant, using alpha=0.05, although the p value for the low dose
OP effect was p=0.057.

(3) Interestingly, although we could not link directly the sperm production data to the organ
weight data, there was a common indirect link - testis weight (sperm efficiency was simply the
daily sperm production divided by the right testis weight). When the right testis weights were
calculated indirectly from the sperm production data, for four of the five groups the resulting
mean values were very consistent (within 1-7%) with those calculated from the individual right
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testis weights provided to us. However, for reasons that are unclear, the high dose OP group had
calculated right testis weights that were significantly (p<0.01) lower than those cal culated
directly from the raw data, averaging 23% less. In fact, there was no overlap between the
"calculated " testis weights and the actual testis weightsin this group.

Comments

In theory, the results of our reanalysis of organ weights are not necessarily in conflict with those
of the authors, given the different statistical test procedures used (Dunnett's test vs. Fisher's
LSD). Importantly, however, none of the overall relevant ANOVA'sor ANCOVA'sfor organ
weights revealed significant differences among groups, even at the p<0.10 level, so the standard
application of the protected L SD test (described in the text) would not have flagged any of these
organ weight changes as statistically significant. Since none are significant by
ANCOVA/Dunnett's test, we cannot confirm the significant BPA effects on organ weight
reported by the authors.

In contrast, by Dunnett's test, we were able to confirm the significant effect on daily sperm
production reported by the authors for the low dose OP group, and this dose's effect on sperm
efficiency was strongly suggestive (p=0.057). However, we were unable to confirm the
significant (p<0.05) high dose BPA effect on sperm efficiency reported by the authors. In this
latter case, the lack of concordance is simply reflecting a difference in statistical methodol ogy
used in the data analysis (i.e., Dunnett's test vs. Fisher's LSD).

In summary, our reanalysis was able to confirm (only) the following effects reported by the
authorsin Tables 1 and 2:

(1) Thelow (2 ng/g) dose of OP and probably the low dose (2 ng/kg) of BPA reduce body
weight; and

(2) Thelow (2 ng/g) dose of OP reduces sperm production and probably reduces sperm
efficiency aswell.

10. vom Saal, F.S.,, K.L. Howdeshéell, et al. (2000). High sensitivity of the fetal prostateto
endogenous and environmental estrogens. Paper to be presented at the Bisphenol A: low
dose effects-high dose effects meeting, Freie Universitat, Berlin, November.

Raw data provided: prostate weight and body weights for male CF-1 mice who, when three
months old, were castrated and implanted with a Silastic capsule containing either 0.5 mg.
testosterone (T) or 0.5 mg. 5a pha-dyhrotestosterone (DHT). The effect of fetal position -
located between two females (2F) or located between two males (2M) was of interest.

Results

The data are summarized below
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Body weight (g.) Prostate weight (mg.)

Chemical Position N Mean SD N Mean SD

T 2F 5 343 27 5 519 16.8
T 2M 7 301 35 7 362 136
DHT 2F 7 314 30 7 364 7.6
DHT 2M 6 367 21 6 250 49

(1) There was no consistent chemical or position effect on body weight. In fact, therewas a
significant (p<0.01) chemical x position interaction, as can be seen in the table above. For
Chemical T the 2F animals were heavier than the 2M animals, whereas the reverse was true for
the DHT animals.

(2) For (log transformed) prostate weight, there was a significant (p<0.05) chemical and a
significant (p<0.05) position effect, indicating a higher response for Chemical T than for DHT
and a higher response for 2F than for 2M animals. There was no significant chemical x position
interaction.

(3) Body weights and prostate weights were not significantly correlated for these data.
Comment

An Abstract of this presentation was provided. These unpublished data were not part of the
original datarequested from thisinvestigator. Moreover, the Abstract reports that "fetal
exposure to a very low dose (10 ug/kg/day) of the plastic monomer bisphenol A produced all of
the effects on the devel oping prostate observed with E, EE, and DES..." However, we were
unable to confirm this, since these data were not provided to us for re-analysis.

11. Welshons, W. V., S. C. Nagd, et al. (1999). " L ow-dose bioactivity of xenoestrogensin
animals: fetal exposureto low doses of methoxychlor and other xenoestr ogensincreases
adult prostate sizein mice." Toxicology and Industrial Health 15: 12-25.

Dataprovided: prostate, seminal vesicle, testis, and body weights for male mice receiving feta
exposure (by feeding pregnant females) to 20 or 2000 ug/kg body weight methoxychlor. These
data are summarized in Table 4.

Comments on Statistical Methodology

The authors use of ANCOVA to adjust organ weight for body weight is appropriate. The authors
appear to have used a Protected Fisher's LSD analysis to make pairwise comparisons. Thisisan
acceptable method of statistical analysis for making all possible pairwise comparisons, as noted
in the body of this report.

Results

(1) We agree with the study authors that methoxychlor has no effect on body weight or testis
weight.
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(2) We have aminor disagreement regarding seminal vesicle weight in the top dose group which
by Dunnett's test is p=0.09 rather than p<0.05 as reported by the study authors,who used
different (but acceptable) statistical methodology - Fisher's LSD test;

(3) We agree that the elevated prostate weights in the two methoxychlor groupsis significantly
(p<0.01) elevated after adjusting for body weight differences among groups. Thus, we agree
with the major conclusion of the study authors.

Comment

(1) We note that the means and SE's summarized in Table 4 are for adjusted (for body weight)
organ weights rather than for observed organ weights.

(2) We note that certain raw data requested from this study were not provided to us by the study
authors. These included intrauterine position data and data on male fetal serum estradiol
concentration and androgen binding.

VOM SAAL DATASETSREQUESTED BUT NOT PROVIDED
The following studies were requested from vom Saal, but no raw data were provided:

2. Howdeshell, K. L., A. K. Hotchkiss, et a. (1999). "Exposure to bisphenol A advances
puberty.” Nature 401: 763-764.

3. Howdeshell, K. L. and F. S. vom Saal (2000). "Developmental exposure to bisphenol A:
interaction with endogenous estradiol during pregnancy in mice." American Zoologist 40(3). (in
press).

5. Palanza, P., S. Parmigiani, et a. (1999). "Prenatal exposure to low doses of the estrogenic
chemicals diethylstilbestrol and o,p’-DDT alters aggressive behavior of male and female house
mice." Pharmacology Biochemistry and Behavior 64(4): 665-672.

7. Timms, B. G., S. L. Petersen, et al. (1999). "Prostate gland growth during development is
stimulated in both male and female rat fetuses by intrauterine proximity to female fetuses.”
Journal of Urology 161: 1694-1701.

8. vom Sad, F. S,, B. G. Timms, et a. (1997). "Prostate enlargement in mice due to fetal
exposure to low doses of estradiol or diethylstilbestrol and opposite effects at high doses.”
Proceedings of the National Academy of Sciences 94: 2056-2061.

CHAHOUD STUDY

1. Chahoud, I. " Studies on thereproductive effects of in utero exposur e to bisphenol A and
ethinyl estradiol of male and female Sprague Dawley rat offspring.” (3 Abstracts).

Raw data provided: Sprague Dawley rats treated by gavage with either 0.02, 0.1, or 50 mg/kg
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BPA (in 2% Mondamin vehicle), 0.02 or 0.2 mg/kg/day 17alpha-estradiol (EE) (in peanut oil
vehicle) or 2% Mondamin (vehicle control) on days 6-21 post conception. Parameters of interest
included

Anogenital Distance (AGD) on days 3, 15, and 21

Preputial separation time (not re-evaluated due to lack of time)
Prostate weight at PND 70 and 170.

Daily sperm production (in millions) at PND 70 and 170
Level of testosterone at PND 70 and 170

Experimental Design and Statistical Methods:

One of the 23 questions asked each investigator was whether or not concurrent controls were
used, and Dr. Chahoud's response indicated that there were no concurrent controlsin his study.
Instead, the data were generated sequentially according to the following time frame:

BPA 50 mg/kg/d (Sept. 98-Oct 98)
Mondamin (control group) (Oct 98-Dec 98)
0.1 mg/kg/d BPA (Dec 98-Jan 99)

0.2 mg/kg/d EE (Feb 99 - Feb 99)

0.02 mg/kg/d BPA (Sept 99-Oct 99)

0.02 mg/kg/d EE (Sept 99- Oct 99)

The Statistics Subpanel feels that concurrent controls are an essential experimental design
requirement, and thus the lack of concurrent controls in this study was a serious design
deficiency. Thelowest dose (0.02 mg/kg/d) BPA group was examined approximately 11 months
after the control group, while the other two BPA groups were examined 2 months later (0.1
mg/kg/d BPA) or one month earlier (50 mg/kg/d) than controls. Thus, possible treatment effects
are confounded with time-related changes.

Note: In response to this concern Dr. Chahoud stated "I believe that the endpoints that were
evaluated are robust enough to withstand a 0 to 2 month time difference in treated times"
although he provides no evidence to support this speculation. He further stated that "the 0.02
BPA group has an additional vehicle control which was not sent to the committee because the
data were not yet in the databank."” The Statistics Subpanel confirms that these additional
control data were not provided to us. We also note that these control data were not included in
the three Abstracts noted above that summarized the study results, nor were they included in Dr.
Chahoud's presentation at the Low Dose Endocrine Disruptor meeting.

The Draft Report of the Statistics Subpanel distributed at the Low Dose Endocrine Disruptor
Meeting included a statistical reanalysis of these data, based on the critical assumption that there
were no time-related changes in the responses of interest. However, after further discussion, the
Statistics Subpanel has decided that no statistical re-analysis can really compensate for the lack
of concurrent controls. We concluded that this confounding of possible treatment effects with
time-related changes precludes any reliable assessment of the effects of EE and BPA on the
various parameters evaluated. Thus, our Final Report has no statistical reanalysis of these data,
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and we cannot confirm the low dose effects reported by Dr. Chahoud in his three Abstracts.
EMA STUDY

1. Ema, M. (2000). " Two-gener ation reproduction study of bisphenol A in rats.”
(Unpublished Study Report).

Raw data provided: In this multi-generation study, groups of 25 male and female Crj: CD (SD)
IGS rats were given bisphenol A (BPA) at 0.2, 2, 20, or 200 ug/kg/day by gastric intubation
throughout the study beginning at the onset of the 10- and 2-week pre-mating period, in FO
males and FO females, respectively, and continuing through the mating, gestation, and lactation
period, for two generations. Organ weights, anogenital distance, vaginal opening, preputial
separation, and sperm count data were provided for FO, F1, and F2 groups.

Comments on Statistical Methodology

In general we agree with the statistical methodology used, subject to the following comment:
Dunnett's test does not require the significance of an overall ANOVA.

Results
A. Sperm count in FO and F1 generation (Table 11)
We agree with the authors that BPA had no significant effect on sperm count

B. Age of preputial separation and age of vaginal opening in F1, F2, and F2 (satellite) animals
(Table 13)

We agree with the authors that there were no significant BPA effects on either of these two
variablesin any generation, regardless of whether or not the data were adjusted for body weight
on days of preputial separation/vaginal opening. This latter variable (body weight) also showed
no significant BPA effects.

C. Testis, prostate, epididymis, and seminal vesicles weight in FO and F1 males (Table 24)

(1) We agree with the authors that there were no significant BPA effects on body weight,
including the slight (4%) decrease seen in the top dose (200 ug/kg) group in the FO generation
and the even smaller 2% decrease seen at that dose in the F1 generation..

(2) We agree with the authors that the organ weight data are basically negative. The authors
reported a significant (p<0.05) decrease in right testis weight in the 20 ug/kg/BPA dose in the F1
generation. Our Dunnett'stest did not confirm this, but did indicate a significant (p<0.05)
reduction in overall (right + left) testis weight in this dosed group. However, after adjusting for
body weight by ANCOVA, this difference was not significant at the p<0.05 level, and thus this
one isolated effect is most likely a spurious finding of no biological significance.
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(3) Generdly, organ weight and body weight were significantly (p<0.05) correlated for these
data.
D. Seminal vesicle weightsin F2 parental male rats (Table 25)

(1) We agree with the authors that there were no significant BPA effects on body weight in
either the F2 or F2 satellite animals.

(2) We agree with the authors that absolute seminal vesicle was marginally reduced (p<0.05) in
the 200 ug/kg group. However, these animals were also 4% lighter than controls, and after
adjusting for body weight differences by ANCOVA, the dlight decrease in seminal vesicle
weight was not significant. A similar reduction was not seen in the F2 satellite animals. Thus, it
ismost likely a spurious finding.

(3) Seminal vesicle weight was highly correlated (p<0.01) with body weight for these data.
E. Ovary and uterus weightsin FO and F1 females (Table 26)

(1) We agree with the authors that there were no significant BPA effects on body weight in
either the FO or F1 animals.

(2) We agree with the authors that there was no BPA effect on uterus weight for these data.

(3) We also agree that there was a statistically significant (p<0.05) decrease in ovary weight in
the lowest (0.2 ug/kg) BPA group in the F1 generation. By Dunnett's test, this 10% reduction in
ovary weight was significant both before (p=0.03) and after (p=0.04) an adjustment for body
weight. This one single effect may or may not be biologically important, but it was not
supported by a corresponding decrease at this dose in the FO animals.

(4) Ovary weight was significantly (p<0.01) correlated with body weight in these studies, but
uterus weight was not.

F. Anogenital distance (AGD) in F1 and F2 males and femaes on DaysO, 4, 7, 14, or 21 of
lactation (Table 32)

(1) We agree with the authors that two of the four subsets of data showed no significant effects:
Male and female F2 animals.

(2) We also agree that for F1 males there was a marginally significant (p=0.045) reduction in
AGD in 0.2 ug/lkg males on Day 14, but this reduction was not significant (p=0.2) after adjusting
for body weight and is thus of questionable biological significance.

(3) We dso agree that for F1 females the 200 ug/kg BPA dose produced a significant (p<0.05)
reduction in AGD on day 4 and that the 2 and 20 ug/kg BPA doses produced a significant
(p<0.05) increase in AGD on Day 7. These differences were significant both with and without
an adjustment for body weight.
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The biological significance of these changesis uncertain at best. Importantly, (i) the significant
changes go in opposite directions; (ii) they are not supported by similar changesin any of the
other four time points; and (iii) they are not supported by any similar changesin males or in the
F2 generation. Thus, especialy in light of the large number of comparisons made, they could
simply be reflecting random variability.

(4) Anogenital distance and body weight were generally highly correlated (p<0.01) for these
data.

G. Tedlis, prostate, epididymis, and seminal vesicle weightsin F1 and F2 weanlings of rats
treated with BPA (Table 42)

(1) We agree with the authors that for the F1 animals the only significant body weight effect was
asignificant (9%; p<0.05) reduction in the 20 ug/kg BPA group.

(2) We also agree that for F1 males there were no significant body weight differences, with or
without adjusting for body weight.

(3) We also agree that there were no significant body weight effects for F2 males.

(4) We also agree that the only significant organ weight change for F2 maleswas a 17%
reduction in seminal vesicle weight in the 2 ug/kg BPA group, areduction that was significant
both with (p<0.01) and without (p<0.05) a body weight adjustment. However, thissingle
isolated effect among the 32 pairwise comparisons made for these data (4 BPA groups x 4 organs
X 2 generations) is of questionable biological significance.

(5) There were highly significant (p<0.01) correlations between organ weight and body weight
for all four organsin the F1 and F2 generations.

H. Uterus and ovary weightsin F1 and F2 weanlings of rats treated with BPA (Table 43)

(1) We agree with the authors that there were no significant body weight or organ weight
changesin any of the BPA groupsfor either the F1 or F2 animals.

(2) There were highly significant (p<0.01) correlations between organ weight and body weight
for uterus and ovary in the F1 and F2 generations.

I. Anogenital distance (AGD) in F1 and F2 parental male and femal e rats treated with bisphenol
A (Tables 18 and 19).

(1) These were the most difficult data to interpret in this study. Anogenital distance data were
evaluated at multiple time points for both sexesin the F1, F2, and F2 satellite animals. A total of
96 pairwise comparisons were made for males and 156 for females.

(2) By the authors statistical analysis (summarized in Tables 18 and 19) 33 of the 96
comparisonsin males and 16 of the 156 comparisons in females (unadjusted for body weight
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differences) showed significant (p<0.05) reductions in anogenital distance relative to controls.
These reductions were most apparent in the 20 and 200 ug/kg BPA groups, but the lowest dose
(0.2 ug/kg) BPA male group also showed significant (p<0.05 or p<0.01) reductionsin AGD for
the F1 group at 57, 64, 71, and 78 days after birth.

(3) Complicating interpretation of these data were the corresponding reductions in body weight
that were observed in the BPA animals. The statistical significance of the reductionsin AGD
depend upon how the body weight adjustment is carried out.

The authors adjusted by taking the AGD/body weight ratio and concluded that "these changes
[AGD] were not considered compound-related since these changes were within 5% of control
values and relative AGD (AGD/body weight) in these groups were not significantly different
from the control values." This characterization of the magnitude of the AGD effect is essentially
accurate. However, using an ANCOVA adjustment for body weight (the method of adjusting
for body weight that we feel is more appropriate), many of the AGD reductions remained
statistically significant (p<0.05).

To summarize, the following factors argue against the biological significance of these AGD
reductions: (i) the magnitudes of the decreases are consistently small (<5%); (ii) few if any of
the changes are significant based on an analysis of the AGD/body weight ratio; and (iii) AGD
datain F1 and F2 males and females on Days 0, 4, 7, 14, or 21 of lactation (Table 32; see F.
above) are not supportive of this effect.

The factors arguing for the biological significance of these reductionsinclude: (1) The
consistency and large number of statistically significant AGD reductions seen at multiple dose
levels, generations, and in both males and females; (see authors Tables 18 and 19); and (ii)
ANCOVA cannot account totally for these AGD reductions.

Comments

(1) Ultimately, the reader must decide if the slight reductionsin AGD discussed above are
biologically important. The authors fedl that they are not, and we agree that thisis a reasonable
interpretation of the data. These decreases, if real, appear to be the only toxicological effect of
BPA under the conditions of this study, based on the data provided to us.

(2) In their Abstract the authors refer to significant increases in the AGD for 20 and 200
ug/kg/day F1 and F2 females. These were actually decreases, not increases (see Table 19).

GRAY STUDY

1. Gray, L. E., J. Osthy, et al. (1999). " Environmental antiandrogens. low doses of the
fungicide vinclozolin alter sexual differentiation of themalerat." Toxicology and Industrial
Health 15: 48-64.

Raw data provided:
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() anogenital distance (AGD) datafor male rat offspring receiving perinatal exposure to
vinclozolin (V) at doses of 0, 3.125, 6.25, 12.5, 25, 50, and 100 mg/kg/day. Data provided to us
were limited to post natal day (PND) 2 only. These data (from Blocks 1-4) are summarized in
Table 2.

(i) prostate, testis, seminal vesicle, and cauda epididymal weights, and cauda epididymal sperm,
epididymal sperm, and fertility data for male rat offspring receiving perinatal exposure to
vinclozolin (V) at doses of 0, 3.125, 6.25, 12.5, 25, 50, and 100 mg/kg/day. These data (from
Blocks 1) are summarized in Table 3 and are for animals 55-56 days of age

(ii) prostate, testis, seminal vesicle, and cauda epididymal weights, and cauda epididymal sperm,
epididymal sperm, and fertility data for male rat offspring receiving perinatal exposure to
vinclozolin (V) at doses of 0, 3.125, 6.25, 12.5, 25, 50, and 100 mg/kg/day. These data (from
Blocks 1 and 4) are summarized in Table 4 and are for animals about 12 months of age.

(iv) proportion of pups with nipplesfor male rat offspring receiving perinatal exposure to
vinclozolin (V) at doses of 0, 3.125, 6.25, 12.5, 25, 50, and 100 mg/kg/day. These dataare
summarized in Table 4 and are reported as being for animals about 12 months of age, but
actually include also the 55-56 day old animals from Table 3, asis discussed below.

Statistical Methodology

Statistical methods applied were generaly appropriate for the data subject to the follow
comments:

(1) The authors report that pairwise comparisons were made by two different methods: Fisher's
protected L SD (which they denote as "LSMEANS") or Dunnett's test. These tests are used for
different purposes, and it is unclear which variables are being evaluated by which procedure.
(2) Dunnett's test does not require the significance of an overall ANOVA.

(3) The reported summary statistics for certain variables pooled values over blocks, which
suggests that in some instances differences among blocks may not have been taken into account
in the statistical analyses.

(4) Thetitle to Table 4 does not appear to accurately describe certain variables summarized in
thistable, asis discussed in more detail below.

(5) Tables 2 and 3 did not indicate if the reported measure of variability was standard deviation
(SD) or standard error (SE). It appeared to be SE.

Table 2
(1) We agree with the authors' decision to use the litter as the basic experimental unit, given the

significant "litter effects’ that were present in the data. We note that this resulted in relatively
small sample sizesin the 50 mg/kg/day (N=3) and 100 mg/kg/day (N=2) groups.
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(2) We agree with the authors that vinclozolin (even the higher doses) did not significantly
effect PND 2 body weight (data not shown in paper).

(3) Weagreein genera with the authors' conclusions that at PND 2 AGD was reduced in the
groups receiving vinclozolin. However, by our analysis (Dunnett's test adjusting for litter
effects, block effects, and the correlation of AGD with body weight) the very dlight (3.5%)
reduction in AGD (adjusted for body weight and block effect) observed in the 6.25 mg/kg/day
dosed group is not statistically significant, even at the p<0.10 level. The authors reported p<0.05
for this comparison. The SE's reported for AGD in Table 2 for these groups (assuming the
measures of variability are SE's; we obtained dlightly different, but consistent values) also do not
support the statistical significance of this dosed group. However, we agree that the AGD
reduction at the lowest dosed group (3.125 mg/kg/day) is significant (p<0.05).

(4) While thisis admittedly a secondary matter, we do not agree with the authors' assessment of
litter effectsfor AGD. First of al, we would not have limited our analysis to the control data
only. Secondly, the authors report on page 54 that the number of degrees of freedom (df) is1.97
for their test, whereas that value (we think) is the value of the F statistic, not the degrees of
freedom. Thirdly, and most importantly, since there are only 20 control litters among the four
blocks (see Table 2), atrue test for litter effects nested within blocks should have only 16
degrees of freedom for litter (and 3 for blocks), not 19 as reported by the authors on page 54.
The authors' reported test for litter effects F(19,92) is possible only if blocks are ignored, which
would not be appropriate, since the block effect is significant. Finaly, even if the block effect is
ignored, the F value for the F(19, 92) test is F=5.29, p<0.0001, not F=1.97. The Statistics
Subpanel viewed this as arelatively minor issue, especialy since we agree with the authors that
significant litter effects are present in the data.

(5) Finally, we do not understand the authors' statistical analysis of "% controls" or understand
how a control response can exceed 100%, but this should not be the primary statistical analysis
of interest for AGD in any case.

Table3

(1) We agree with the authors decision to use the litter as the basic experimental unit, since body
weight and all organ weights (with the exception of seminal vesicle weight) showed a significant
(p<0.01) "litter effect.” However, using the litter as the basic experimental unit resulted in rather
small "N's": only 2-3 litters for each dosed group and 5 control litters.

(2) Thelast column of thistable has an array of p values that are undefined. We suspect that
they may be associated with an overall ANOVA, or possibly atend test, but thisis unclear.

(3) We agree with the authors that vinclozolin had no significant effect on body weight in this
study.

(4) We agree with the authors that the 50 and 100 mg/kg/day vinclozolin doses significantly

(p<0.01) reduced ventral prostate weight, both with or without an adjustment for body weight.
We also agree that the 100 mg/kg/day dose significantly (p<0.01) reduced seminal vesicle
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weight. Finally, we agree that testis weight and paired epididymides weight were unaffected by
vinclozolin.

(5) We also agree that testis sperm and epididymal sperm counts were unaffected by vinclozolin.
Table 4 - Organ weights

(1) We agree with the authors' decision to use the litter as the basic experimental unit, given the
significant (p<0.05) "litter effects’ that were present in the data. However, we note that this
resulted in relatively small sample sizesin the 25 mg/kg/day (N=4), 50 mg/kg/day (N=3) and
100 mg/kg/day (N=2) groups.

(2) We agree with the authors that there is no vinclozolin effect on body weight, testis weight, or
testis spermatids.

(3) We also agree that there is a significant (p<0.01) high dose effect on seminal vesicle and
cauda epididymal weights.

(4) We also agree that the top three vinclozolin doses produce a significant (p<0.05) reduction in
ventral prostate weight, but we find the reduction at the 6.25 mg/kg/day dose (discussed later on)
to not quite be statistically significant: p=0.06.

(5) We agree that fertility is significantly (p<0.05) reduced in the top two dosed groups.

(6) We do not agree that the reduction in cauda epididymal sperm in the top dose group is
significant (p<0.05). The high dose mean response of 67 is based on two highly variable values
(0.01 and 134), the second of which iswell within the control range (127.4 to 171.5) for the five
control littersin thisstudy. A single aberrant litter isinsufficient evidence to conclude that a
statistically significant effect exists.

(7) Itisunclear if the authors analysis of the Table 4 data adjusted for block effects: thistable
pooled results for Blocks 1 and 4, and the means values given in the table are simply the
averages of al the data, ignoring block. Significant differences were observed between these
two blocks, that should be taken into account in the statistical analysis. For example, although
animals were 6% heavier on average in Block 4 than in Block 1 (720.5 vs. 678.75), the seminal
vesicle weights were 32% heavier on average in Block 1 (2104 vs. 1597). This difference
between blocks for seminal vesicle weight is highly significant (p<0.001).

While this made no difference for seminal vesicle weight (which clearly showed no vinclozolin
effect), ventral prostate weights were aso significantly (p<0.05) heavier in Block 1 than in Block
4. This affected the statistical significance of the low dose (6.25 mg/kg/day) vinclozolin effect
on prostate weight, since the 6.25 mg/kg/day group was disproportionately represented in Block
4, asindicated below (also note the striking Block effect). Note that the average differencein
prostate weights between the 6.25 mg/kg/day and control groups averaged across the two blocks
(112.5mgq.) islessthan isindicated in Table 4 (149 mg.), which ignores block differences.

A-65



Ventral prostate weight (mg.) N Mean SD
Controls, Block 1 5 679 99
6.25 mg/kg B, Block 1 3 526 85
Controls, Block 4 4 422 124
6.25 mg/kg B, Block 4 5 350 67

While there is till evidence of an effect of 6.25 mg/kg/day vinclozolin on prostate weight, our
reanalysis found this reduced weight to be not as significant (p=0.06) as the authors analysisin
Table 4 (p<0.05). Since for the various organ weights thisis the only potential "low dose effect"”
in this study for which we were given raw data, we decided to discuss this result in some detail.
This single low dose effect may or may not be biologically important.

(8) Finally, we note that the top two dosed groups (50 and 100 mg/kg/day) have litters only for
Block 1, not Block 4.

Table4 - Nipple data
This table lists the percentage of animals with nipples, but not the actual proportion of

responding animals. The raw data provided to us indicate the following proportions of
responders, which are also consistent with the reported ratesin Table 4:

Dose Number  Proportion (%)
(mg/kg/day) of litters pups with nipples
0 19 0/77 (0.0)
3.125 16 1/96 (1.0)
6.25 19 3/117 (2.6)
125 12 3/84 (3.6)
25 11 3/56 (5.4)
50 3 10/11 (90.9) [Table 4 gives 91.0]
100 2 7/7 (100.0%)

There were certain discrepancies for these data that we were able to resolve, which include these:

(1) It appears that there were in fact 11 pups evaluated at the 50 mg/kg dose, not 7 asgiven in
Table 4. Itisnot possible to produce a 91.0% response rate from 7 pups, and the corrected
sample sizes also agree with the number of pups reported to be evaluated for ectopic testes and
for hypospadias (see Table 4).

There appear to be similar discrepancies for the number of litters evaluated for the 6.25 and 12.5
mg/kg/day dosed groupsin Table 3 for this variable.

(2) Although Table 4 indicates that the data in that table are for Blocks 1 and 4 only, the

percentage nipple data actually include data from all four blocks. Thisis apparently clear from
the text, but not from the table.
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(3) Most importantly, the raw data provided to us indicate that the nipple datafrom Table 4
include as a subset the nipple data from Table 3 for younger (55-56 day old) animals. Thus, for
example, the one low dose (3.125 mg/kg/day) animal reported to have nipplesin Table 3 and in
Table 4 isreally the same animal, despite the titles to the table that suggest that these are
different animalsin groups with different ages. It isunclear why the authors pooled these
particular data, while reporting separately the organ weight changes for the younger (Table 3)
and older (Table 4) animals. Itiscertainly not clear from the paper that the nipple datain Table
4 are pooled data. We suspect this pooled was unintentional .

We agree with the authors that the data show a striking and statistically significant (p<0.01)
increase in the percentage of animals with nipples at the 50 mg/kg/day and 100 mg/kg/day
groups and that the data as presented in Table 4 show a suggestion of an effect at lower doses.
However, we would have preferred a statistical analysis and data presentation that clearly
separated the nipple responses in the younger and older animals, as was done for organ weight.

LEE STUDY

1. Lee P.C. (1998). " Disruption of male reproductivetract development by administration
of the xenoestr ogen, nonylphenol, to male new born rats." Endocrine 9(1): 105-111.

Raw data provided: testis, epididymis, seminal vesicle, and prostate weight and anogenital
distance (A/G) datafor newborn male rats given 0.08, 0.8, or 8 mg/kg body weight nonylphenol
(NP) daily from days 1-15 after birth. Animalswere sacrificed on Day 31. Data are summarized
in Figure 1 of his paper.

Comment on Statistical Methodol ogy

The authors appear to have used a Protected Fisher's LSD analysis to make pairwise
comparisons, athough they describe their procedure slightly differently. Thisis an acceptable
method of statistical analysis for making al possible pairwise comparisons, as noted in the body
of this report.

Results

This study had several limiting features. First of al, there was the small sample size (e.g., only 3
high dose and 3 mid dose animals). Secondly, the study pooled data across three replicates that
showed significant differencesin control body weight.

The dates of the three replicates were 3-21-97, 5-30-97, and 9-13-97. The three high dose
animals were examined on 3-21-97 (along with 4 controls); the three mid dose animals were
examined on 5-30-97 (along with two controls); four low dose animals were also part of this
replicate; the third replicate contained 3 low dose animals and three controls. It would have been
preferable to have had al dosed groups represented in each replicate.

Thisis especialy true since the control group body weights were quite different from replicate to
replicate. For example, the three controls in the 9-13-97 replicate weighted 128, 128, and 134 g.,
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while the six control animals from the other replicate were much lighter, ranging in weight from
87-98 g. (3-21-97) to 101-102 (5-30-97). These differencesin control body weight across
replicatesis highly significant (p<0.01).

Perhaps the most critical problem was that NP had striking effects on body weight: on average a
34% decrease in body weight relative to controlsin the top dose group (from 106.56 g. to 70.67
g.) and an 18% decrease (from 106.56 to 87.00) in the mid dose group. As noted in the body of
thisreport, it isvery difficult to interpret decreased organ weights when body weight decreases
of this magnitude occur.

We agree with the study authors that NP was associated with a decreased absolute organ weight
(testis, seminal vesicles, prostate, and epididymis) and anogenital distance in this study.
However, for al five of these variables, the effect of NP is confounded with the impact of
reduced body weight. For example, as shown in Figure 2 of our main presentation, asimple
linear model relating testis weight to body weight (ignoring NP dose) fits the data very well, and
the NP effect is not significant after adjusting for body weight by ANCOVA. Thisresult also
holds for the other organ weights as well and for anogenital distance.

Thisis not a problem that can be solved by simply calculating organ/body weight ratios. What
would be required (and is unavailable from the data provided to us) would be control animals of
equivalent size (and age) to the high dose animals to see whether or not the testis (and other
organ) weights are indeed smaller than would be expected in equivalently sized controls.

The Statistics Subpanel concludes while NP clearly decreased organ weightsin this study, it is
not possible with the data provided to rule out the possibility that this was only a secondary
effect of reduced body weight, i.e., that the NP animals were showing organ weights and A/G
distances that were "normal” for control animals of equivalent size. The small samples sizes and
the significant replicate effects also contribute to the uncertainty of these findings.

SPEAROW DATASETS

1. Spearow, J. L., P. Doemeny, et al. (1999). " Genetic variation in susceptibility to
endocrine disruption by estrogen in mice." Science 285: 1259-1261. 2. Spearow, J. L., T.
Sofos, et al. (2000). Genetic variation in sensitivity to endocrine disruption by estrogenic
agents. Paper modified from a poster presented at the Second Annual UC Davis
Conferencefor Environmental Health Scientists, Napa, Califor nia, August.

Agent: 17beta-estradiol (E2)
Doses. 0, 2.5, 10, 20, 40 ug/animal

Animals. B6, C17, CD-1, S15 Mae mice
Variables: Testes weight, Accessory gland weight, Percent tubules with elongated spermatids

Statistical Methods
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Analysis of variance (ANOVA) was carried out using PROC GLM in the Statistical Analysis
System (SAS). No information on litter identity was provided, so it was assumed that only one
animal (male) from each litter was used. Analyses were conducted for each strain separately
(B6, C17, CD-1, S15). Levene'stest for variance homogeneity across dose groups was
conducted for each response variable. Because of evidence of variance heterogeneity for testes
weight and accessory gland weight in several cases, both logarithmically transformed variables
aswell as untransformed variables were analyzed. In addition, the rank transformation was
explored. For the response variable "percent tubules with elongated spermatids’ (PTES), angle-
transformed (arcsin(square root)) variables were analyzed as well as untransformed percents,
irrespective of the outcome of the variance homogeneity test. For testes and accessory gland
weights, if body weight was significantly (p<0.05) correlated with the organ weight when
adjusted for the effect of E2, then analysis of covariance (ANCOV A) was conducted, with body
weight (or log-transformed or rank-transformed body weight) as the covariate. Body weight was
not considered as a covariate in the analysis of PTES. To help in the interpretation of any
statistically significant (p<0.05) effects of E2 observed in ANOVA or ANCOV A omnibus tests,
both linear and quadratic dose effects were tested using contrasts whose coefficients were
determined with the ORPOL function in PROC IML. Two-tailed Dunnett's tests of SAS least-
squares means were used to compare each dose group to the control group.

Results
Testes weight

Although there was evidence of variance heterogeneity for strains B6 (p<0.02) and CD-1
(p<0.01), the log transformation did not help to stabilize the variance; in fact, it made things
dlightly worse. Neither was the rank transformation uniformly helpful, actually worsening the
situation for B6 and even inducing heterogeneity for S15. The relationship between mean and
variance was somewhat nonspecific for B6, but the mean and variance appeared inversely related
for CD-1. Results of statistical tests of untransformed testes weights are reported, as the results
based on transformed variables appeared qualitatively similar. Body weight (at 43 days) was
significantly (p<0.0001) correlated with testes weight for all four strains, and hence was included
asacovariate. The effect of dose of E2 was statistically significant (p<0.0001 for B6, C17 and
S15; p<0.01 for CD-1). For B6, C17 and S15, testes weights were significantly (p<0.0001)
reduced at al dose levelsrelative to controls. For CD-1, mean testes weights at 20 and 40 ug E2
were reduced (p<0.01) as was the mean at 10 ug (p<0.05); the mean at 2.5 ug was not
statistically reduced (p=0.08), although it was numerically smaller than control. All strains
except CD-1 showed a linear dose effect (p<0.001), while all four showed a quadratic effect
(p<0.0001, except for CD-1, p<0.01); however, the dose-response relationship appeared
essentially monotone.

Accessory gland weight
There was evidence of variance heterogeneity for strains B6 (p<0.02), C17 (p<0.03) and CD-1
(p<0.001). However, the log transformation was not uniformly helpful in stabilizing the

variance. Here again, the rank transformation was not uniformly helpful, actually worsening the
situation for some strains. Various patterns of mean-variance rel ationships were apparent.
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Results of statistical tests of untransformed accessory gland weights are reported. Body weight
(at 43 days) was significantly (p<0.0001) correlated with accessory gland weight for all four
strains, and hence was included as a covariate. The effect of dose of E2 was statistically
significant (p<0.0001) for all four strains with all strains showing significantly (p<0.0001)
reduced accessory gland weights at all dose levelsrelative to controls. All strains except CD-1
showed a strong (p<0.0001) linear dose effect. All four exhibited a significant (p<0.0001, except
for B6, p<0.01) quadratic effect, with the highest dose having a numerically larger mean
accessory gland weight than one or more lower doses.

Percent tubules with elongated spermatids (PTES)

The results for PTES were qualitatively the same, whether untransformed PTES or angle-
transformed percents were analyzed. There was no evidence of variance heterogeneity either
before or after the angle transformation. For the B6 and C17 strains, the effect of dose was
highly statistically significant (p<0.0001), with the response in each dose group (B6: 2.5, 10, 40
ug E2; C17: 2.5, 10, 20 ug E2) being significantly (p<0.0001) reduced relative to control. PTES
in the 10 and 40 ug dose groups of strain B6 and in the 20 ug dose group of strain C17 were
reduced to zero for every animal. In contrast, the omnibus ANOVA test showed no statistically
significant (5% level) effect on PTES in the CD-1 strain. None of the CD-1 dose groups (2.5,
10, 20, 40 ug E2) were significantly reduced relative to control, although at 20 and 40 ug, PTES
was numerically lower than at 0, 2.5 and 10 ug (e.g., 75.6% at 