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ABOUT THE OECD

The Organisation for Economic Co-operation and Development (OECD) is an intergovernmental
organisation in which representatives of 30 industrialised countries in North America, Europe and the Asia
and Pacific region, as well as the European Commission, meet to co-ordinate and harmonise policies,
discuss issues of mutual concern, and work together to respond to international problems. Most of the
OECD’s work is carried out by more than 200 specialised committees and working groups composed of
member country delegates. Observers from several countries with special status at the OECD, and from
interested international organisations, attend many of the OECD’s workshops and other meetings.
Committees and working groups are served by the OECD Secretariat, located in Paris, France, which is
organised into directorates and divisions.

The Environment, Health and Safety Division publishes free-of-charge documents in ten different
series: Testing and Assessment; Good Laboratory Practice and Compliance Monitoring; Pesticides and
Biocides; Risk Management; Harmonisation of Regulatory Oversight in Biotechnology; Safety of Novel
Foods and Feeds; Chemical Accidents; Pollutant Release and Transfer Registers; Emission Scenario
Documents; and the Safety of Manufactured Nanomaterials. More information about the Environment,
Health and Safety Programme and EHS publications is available on the OECD’s World Wide Web site
(http://www.oecd.org/ehs/).

This publication was developed in the IOMC context. The contents do not necessarily reflect
the views or stated policies of individual IOMC Participating Organizations.

The Inter-Organisation Programme for the Sound Management of Chemicals IOMC) was
established in 1995 following recommendations made by the 1992 UN Conference on
Environment and Development to strengthen co-operation and increase international co-
ordination in the field of chemical safety. The participating organisations are FAO, ILO,
OECD, UNEP, UNIDO, UNITAR and WHO. The World Bank and UNDP are observers. The
purpose of the IOMC is to promote co-ordination of the policies and activities pursued by the
Participating Organisations, jointly or separately, to achieve the sound management of
chemicals in relation to human health and the environment.
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FOREWORD

This document provides a description and comprehensive summary of the study results for
Phase-3 of the OECD validation of the rat Hershberger bioassay (surgically castrated peri-pubertal male
adult model). It contains the background on how the validation study was organised and performed, the
standardised protocols used, detailed summaries and statistical analyses of the data, and the conclusions
drawn from the studies. Phase-3 consisted of coded studies with two androgen agonists (at two dose levels
each), three androgen antagonists (one of them at one dose level and the other two at two dose levels), and
two negative reference chemicals (at one dose level each). A single protocol was used for the agonists
studies based on direct administration of the agonists and statistically significant increases in the target
tissues versus an untreated control. Similarly, a single protocol was used for the antagonists based on
coadministration with a reference androgen and statistically significant decreases in the target tissues
versus the reference androgen group as the control. The negative reference chemicals were tested by both
protocols.

This document was written by a consultant for the OECD Secretariat. Comments and input were
contributed by the Lead Laboratory, (United States Environmental Protection Agency, Research Triangle
Park, USA) and members of the Mammalian Validation Management Group (VMG-mam). The first draft
report was circulated to the VMG-mam and the Task Force for Endocrine Disrupters Testing and
Assessment (EDTA) in September 2006. The report has been modified on the basis of the comments
received. It was approved by the VMG-mam, and endorsed by the EDTA and the Working group of the
National Coordinators of the Test Guidelines Programme at their respective meetings.

This document is published on the responsibility of the Joint Meeting of the Chemicals
Committee and Working Party on Chemicals, Pesticides and Biotechnology.

Contact for further details:

Environment, Health and Safety Division

Environment Directorate

Organisation for Economic Co-operation and Development
2, rue André-Pascal,

75775 Paris Cedex 16, France

Tel: 33-1-45-24-1674 or 9843

Fax: 33-1-45-24-16-75
E-mail: env.edcontact@oecd.org
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SUMMARY

i The need to validate test methods for the detection of chemicals interfering with the endocrine
system arises from the concerns that ambient levels of natural and industrial chemicals may interact with
the endocrine system and as a consequence possibly elicit reproductive, developmental, and other adverse
effects in humans and wildlife. The Hershberger bioassay is a leading candidate for a level 3 in vivo
screening assay of the OECD Conceptual Framework (4) to identify potential androgens and
antiandrogens. It is rapid and efficient and there is strong evidence for its sensitivity and specificity from
the literature.

ii. The objective for the Hershberger Bioassay validation programme is to validate a test protocol in
order to support the development of a Test Guideline for the detection of chemicals having the potential to
act as androgen agonists or antagonists in rats. In the preceding validation Phase-1 a protocol was
developed for identification of androgen agonists and antagonists by using Testosterone Propionate and
Flutamide as potent reference chemicals. In Phase-2 the protocol developed during Phase-1 was used to
test two further androgen agonists (17a-Methyl-testosterone and Trenbolone), four androgen antagonists
weaker than Flutamide (Procymidone, Vinclozolin, Linuron, and p,p’-DDT) and a potent So-reductase
inhibitor (Finasteride). The test materials were supplied uncoded at pre-selected dose levels to obtain a
dose-response curve by the participating laboratories.

iii. The Phase-2 validation program successfully achieved the goal of demonstrating the
reproducibility of the protocol for detecting the weaker androgen agonists and antagonists, as well as a
potent 5 a-reductase inhibitor.

iv. After successful completion of the Phase-2 validation testing, the Phase-3 validation was
initiated. Coded substances were tested at one or two predetermined dose levels to exclude possible
investigator bias. The same dose levels were used by all participants to further substantiate inter-laboratory
reproducibility. The dose levels for the agonists and antagonists had already been used in the previous
Phase-1 and Phase-2 test series or were derived from the Phase-2 results (DDE). In addition, two chemicals
anticipated to act neither as an androgen agonist nor as an androgen antagonist were added to give an
indication for the specificity of the Hershberger Bioassay.

V. In Phase 3, the androgen agonists were Testosterone propionate (TP) and Trenbolone (TREN).
The test chemical used as a reference androgen agonist was also Testosterone propionate, which was co-
administered with a suspected antagonist. The androgen antagonists were Linuron (LIN) at 2 dose levels
(10 and 100 mg/kg/d), p,p’-DDE (DDE) at 2 dose levels (16 and 160 mg/kg/d) and Flutamide (FLU) (3
mg/kg/d). For negative reference chemicals 4-Nonylphenol (mixed isomers) (NP) and 2,4-Dinitrophenol
(DNP) were used at dose levels anticipated to approach the maximally tolerable dose (MTD).

Vi. The overall goal of the Phase-3 validation study was to further assess the robustness and
reproducibility of the Hershberger Bioassay in a blinded manner. The specific goals were to:

Abbreviations: VP: Ventral prostate; SVCG: Seminal vesicles and coagulating glands; LABC: Levator ani and
bulbocavernosus muscles; GP: Glans penis; COW: Cowper’s gland.

TP: Testosterone Propionate; TREN: Trenbolone; LIN: Linuron; DDE: p,p’-DDE; FLU: Flutamide; NP: 4-
Nonylphenol (mixed isomers); DNP: 2,4-Dinitrophenol.

CV: Coefficient of variation; SE: Standard error; SD: Standard deviation

14



vil.

ENV/IM/MONO(2007)20
further demonstrate the reliability and relevance of the Bioassay in response to coded positive
and negative substances without investigator bias,

further evaluate the inter- and intra-laboratory reproducibility of the protocols for identifying
androgen agonists and antagonists,

demonstrate the reproducibility of the Bioassay over time by comparing the data of Phase-3 to
that generated in Phase-1 and Phase-2,

develop data to substantiate the specificity of the protocols both for identifying androgen agonists
and antagonists by coded testing of negative reference chemicals

evaluate the reproducibility of weight changes and relative effectiveness of the 5 target organs

and thereby support a recommendation of the development of an OECD Test Guideline for the
Hershberger Bioassay.

The laboratories participating in Phase-3 had already participated in Phase-1 and -2 thereby

enabling a comparison with the data obtained in the previous independent test series.

viii.

After finalization of an OECD Test Guideline the Hershberger Bioassay is expected to be widely

used in many OECD member countries. Therefore the protocol has to allow for variations in a number of
study conditions like the choice of the rat strain, the laboratory diet, housing and husbandry practices such
as the use of cage bedding. In addition possible strain differences in the onset of puberty have to be taken
into account and the age of castration and the time period of target organ regression after castration have to
be kept flexible.

IX.

Based on the previous Phase-1 and -2 data the following results were expected for the Phase-3

coded validation study:

a)

b)

agonist test protocol:

TP (0.4 and 0.2 mg/kg/d): statistically significant increase of target organ weights
TREN (40 mg/kg/d): statistically significant increase of target organ weights
TREN (1.5 mg/kg/d): no or no consistent increase of target organ weights

NP (160 mg /kg/d): no increase of target organ weights

DNP (10 mg/kg/d): no increase of target organ weights

as compared to the vehicle control group.

antagonist test protocol:

FLU (3 mg /kg/d): statistically significant decrease of target organ weights

LIN (100 mg/kg/d): statistically significant decrease of target organ weights

LIN (10 mg/kg/d): no or no consistent effect on target organ weights

15
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- DDE (160 mg/kg/d): statistically significant decrease of target organ weights
- DDE (16 mg/kg/d): no or no consistent effect on target organ weights
- NP (160 mg/kg/d): no effect on target organ weights
- DNP (10 mg/kg/d): no effect on target organ weights
as compared to the control group given TP as reference androgen agonist.

X. For statistical analysis the means, standard errors, standard deviations ad CVs were calculated for
each endpoint. In addition, the R-square values for different effects were calculated to give an indication of
the strength of the association for an effect with an endpoint and to compare the robustness of the effect
across endpoints, the variation from laboratory-to-laboratory, or to what degree the dose-responses vary
among laboratories.

xi. The results obtained with the coded androgen agonists, androgen antagonists, and negative
chemicals completely fulfilled the expectations laid down before initiation of the experimental work. By
coded testing a possible investigator bias could be ruled out. All of these test chemicals were correctly
identified in the majority of the investigated target organs as to their anticipated activity in the Hershberger
Bioassay

Xii. When comparing the results obtained by different laboratories a high inter-laboratory
reproducibility was clearly demonstrated for both protocols of the Hershberger Bioassay by testing
androgen agonists, androgen antagonists, and negative reference chemicals.

xiil. To investigate intra-laboratory reproducibility over time the results obtained in Phase-3 were
compared to those in Phase-1 or -2 for the laboratories participating in both phases concerned. For each
test chemical generally there were only few laboratories available for such a direct comparison. In
summary, a good intra-laboratory reproducibility was substantiated although only a limited number of
laboratories tested the same chemicals in the different phases of this program.

Xiv. Phase-1,-2, and-3 of the validation programme were carried out independently and at different
times. The data clearly substantiated a good reproducibility over time.

XV. The specificity of both Hershberger Bioassay protocols for identifying androgen agonists and
antagonists was investigated by using two negative reference chemicals, NP and DNP. The doses were
selected as to approach or represent the maximally tolerable dose level (MTD). The results clearly
substantiated the specificity of the protocols to identify androgen agonists and antagonists.

XVi. The effectiveness of target organs for identification of androgen agonists and antagonists depends
to a large extent on the CVs of the weight determinations. Already in the Phase-2 validation report (5) it
was noted that the CVs differ among the 5 mandatory tissues. The fluid-filled tissues (VP, SVCG, and
COW) generally have greater and more variable CVs than the solid tissues (LABC and GP). These
observations were reinforced by the results obtained in Phase-3 for both test protocols. Notwithstanding the
different CVs, the weight changes of all target organs fulfilled the expectations for chemicals acting as
androgen agonists or antagonists. Nevertheless, some single “false negative” results were found for both
protocols for some of the target organs in some laboratories and similarly, occasionally there was also a
“false positive” organ weight change after treatment with the negative reference chemicals. Therefore,
when developing the final OECD Test Guideline the 5 target organs used in the Phase-2 and Phase-3
validation programmes should all be included.
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XVii. During Phase-2 validation, it was already observed that some laboratories encountered a low rate
of incomplete preputial separation and this impacted the ability to dissect GP. Therefore laboratories
should understand the particular characteristics of their animal strain and supplier relating to the time of
preputial separation. Although the Phase-3 protocol was more liberal in respect to the time of castration,
there was still one laboratory encountering problems for the evaluation of GP as many animals in this
laboratory did not undergo preputial separation. This result underlines the necessity for sufficient
flexibility as regards the age of castration for the final Hershberger Bioassay Test Guideline.

XVIil. The low dose level of TREN (1.5 mg/kg/d) was expected to represent the NOEL for this
androgen agonist or to represent a dose at the very beginning of the ascending part of the dose-response
curve. This dose led to a statistically significant weight increase for LABC in two laboratories and to clear
numerical weight increases in some others, while for the other 39 target organs investigated, there was only
one significant weight increase reported. Thus, LABC seems to be especially responsive to the anabolic
action of androgen agonists and this may be of some value for differentiation between androgenic and
anabolic activities.

XiX. Already in the Phase-2 validation report little or no difference was evident between 0.2 and 0.4
mg/kg/d of TP as androgen agonist reference dose when co-administered with different doses of androgen
antagonists. This was substantiated by the data obtained in Phase-3 testing using coded androgen
antagonists and negative reference chemicals. Thus, no clear preference can be derived from the data as to
the most appropriate dose of the reference androgen agonist (TP), neither for 0.2 nor for 0.4 mg/kg/d.

XX. Overall the following conclusions can be drawn from the results of Phase-3 validation testing:

- A good intra-laboratory reproducibility over time was demonstrated by using coded test samples
to avoid investigator bias

- By negative reference chemicals a good specificity for the protocols was demonstrated, both for
identification of androgen agonists and antagonists.

And in conjunction with the results of Phase-1 and-2 it is demonstrated that

- The Hershberger protocols are transferable so that they can be used internationally by different
laboratories

- The inter-laboratory reproducibility was excellent for agonists, antagonists and for the single Sa-
reductase inhibitor tested

- The predictive capacity was very good.
XXI. Within the validation test series only one potent Sa-reductase inhibitor was tested: For this
specific mode of action some further validation work might be envisaged with weaker inhibitors to confirm

reproducibility and relevance of this assay for such substances.

XXil. Laboratories using the Hershberger Bioassay should provide sufficient training for target organ
dissection to their technical staff, especially if this Bioassay is only carried out occasionally.

XXiii. The biological variability of the strains used by the laboratories should be known, especially with
regard to onset of puberty and time of preputial separation.
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XXiv. On the basis of the successful international OECD validation programme it is proposed to
develop an OECD Test Guideline for the identification of androgen agonists and antagonists (Hershberger
Bioassay) that may be used as a level 3 screening test within the Conceptual Framework of the OECD (4).
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INTRODUCTION

1. The need to validate test methods for the detection of chemicals interfering with the endocrine
system arises from the concerns that ambient levels of natural and industrial chemicals may interact with
the endocrine system and as a consequence possibly elicit reproductive, developmental, and other adverse
effects in humans and wildlife. Current reviews have noted that there is very limited evidence for
endocrine disruption in humans, but that local, high level exposures to environmental pollutants have
probably resulted in endocrine-related effects in wildlife (1)(2)(3).

2. The Hershberger bioassay is a leading candidate for a level 3 in vivo screening assay of the
OECD Conceptual Framework (4) to identify potential androgens and antiandrogens. It is rapid and
efficient and there is strong evidence for its sensitivity and specificity from the literature. Details on the
mechanistic background and the most relevant literature are given in the “Introduction” of the OECD
Phase-2 validation report (5).

3. The objective for the Hershberger validation programme is to develop and validate a test protocol
in order to support the development of a Test Guideline for the detection of chemicals having the potential
to act as androgen agonists or antagonists in rats. The Test Guideline, once available, is intended to be
used as one element in an overall testing strategy for the detection and assessment of potential endocrine
disrupters.

4. Details on the general principles of the validation of test methods and specifically on the history
and organization of the OECD validation program for the Hershberger bioassay are given in the section
“Test Validation” of the OECD Phase-2 validation report (5). The validation of the Hershberger Bioassay
consisted of three separate, consecutive steps:

5. Phase-1: In Phase-1A of the OECD validation study of the Hershberger Bioassay the dose
response of several androgen-dependent tissue weights to a series of TP doses was assessed. 17
laboratories in Europe, Japan, Korea, and the United States participated. In Phase-1B the inhibition of this
response in these tissues to selected TP doses was assessed against a series of FLU-doses. 7 laboratories
from Japan participated. The results showed that the protocol was robust and produced comparable results
among laboratories with the reference androgen, testosterone propionate (TP), and with a potent reference
androgen antagonist, flutamide (FLU) (3).

6. Phase-2: The protocols used for Phase-2 of the validation study were largely unchanged from the
protocol employed in Phases-1A and -1B and had the following characteristics:

- Agonists. Males entering puberty are surgically castrated on pnd 42 or thereafter. The animals
are allowed to recover and the tissues of the male reproductive tract to regress for a minimum of
7 days. Treatment would then preferably begin between pnd 49 and 60. The animals are treated
for ten consecutive days, once per day, with the test substance by either s.c. injection (TP) or oral
gavage. The animals are sacrificed and necropsied 24 hours after the last administration and the
target tissues are removed and weighed.

- Antagonists. Males entering puberty are surgically castrated on pnd 42 or thereafter. The animals
are allowed to recover and the tissues of the male reproductive tract to regress for a minimum of
7 days. Treatment would then preferably begin between pnd 49 and 60. The animals are treated
for ten consecutive days, once per day, with the test substance by oral gavage. The animals are
coadministered the reference androgen TP via s.c. injection. The animals are sacrificed and
necropsied 24 hours after the last administration and the target tissues are removed and weighed.

19



ENV/IM/MONO(2007)20

7. The results of the Phase-3 validation studies are described in the report presented here. Coded
substances were tested at one or two predetermined dose levels to exclude possible investigator bias. The
same dose levels were used by all participants to further substantiate inter-laboratory reproducibility. The
dose levels for the agonists and antagonists had had already been used in the previous Phase-1 and Phase-2
testing or were derived from the results obtained within Phase-2 (DDE). In addition, two chemicals
anticipated to act neither as an androgen agonist nor as an androgen antagonist were added to give an
indication for the specificity of the Hershberger Bioassay. Comparison of the results from Phase-3 with
those from Phase-1 and -2 will allow to substantiate intralaboratory reproducibility over time. The test
substances are listed in table 1.

Table 1. Chemicals used in Phase-3 of the OECD validation of the Hershberger bioassay

Androgen Receptor Agonists

Testosterone Propionate (TP) ® 57-85-2

Trenbolone (TREN) 10161-33-8
17BHydroxyestra-4,9,11-trien-3-one

Androgen Receptor Antagonists

Linuron (LIN) 330-55-2

p,p-DDE (DDE) 72-55-9
1,1-Dichoro-2,2-bis-(p-chlorophenyl)ethylene

Flutamide (FLU) " 1311-84-7

Negative Reference Chemicals

4-Nonylphenol, mixed isomers (NP) 25154-52-3

2,4-Dinitrophenol (DNP) 51-28-5

? Testosterone propionate is the reference androgen agonist, which is coadministered with a suspected antagonist. Standard curves
were produced in Phase-1A.

® Flutamide is the reference androgen antagonist, which can be coadministered with TP as a positive control antagonist. Standard
curves were produced in Phase-1B.

8. The overall goal of the Phase-3 test validation study was to further assess the robustness and
reproducibility of the Hershberger bioassay in a blinded manner. Two negative reference chemicals were
used to substantiate the specificity of the protocols for testing either androgen receptor agonists or
antagonists. The specific goals of Phase-3 were to:

- Further demonstrate the reliability and relevance of the bioassay to respond to and to identify
coded positive and negative substances without investigator bias;

- Further evaluate the inter- and intra-laboratory reproducibility of the protocols for identifying
strong and weak androgen agonists and antagonists;

- Demonstrate the reproducibility of the bioassay over time by comparing appropriate data to that
generated in Phase-1 and Phase-2;

- Develop data to further substantiate the specificity of the protocols for identifying androgen
agonists and antagonists by coded testing of negative reference chemicals;

- Evaluate the reproducibility of weight changes and relative effectiveness of the five sex
accessory tissues and glands; and

- thereby, support a recommendation for the development of an OECD Test Guideline for the
Hershberger Bioassay.
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METHODS

Introduction

9. The rodent Hershberger Bioassay was selected for validation by the OECD following an expert
Workshop that was held in Washington DC in 1998. The expert Workshop took account of national
recommendations to standardize and validate this procedure as an in vivo bioassay in order to identify
possible androgen agonists and antagonists (6). In addition, the OECD’s Detailed Review Paper on the
appraisal of test methods for sex-hormone disrupting chemicals noted the long history of using the
Hershberger Bioassay (7), and the Workshop recommended that the OECD proceeds to standardize and
validate the Hershberger Bioassay. The EDTA then endorsed the standardisation and validation of the
Hershberger Bioassay under the direction of experts in the VMG-mammalian. Further details for the
selection criteria are given in § 22-24 of the Hershberger Bioassay Phase-2 report (5).

10. In Phase-1A the dose response of several androgen-dependent tissue weights to a series of TP
doses was assessed. For the following organs a satisfactory and reproducible response was demonstrated:
ventral prostate (VP), seminal vesicles and coagulating glands (SVCG), the levator ani and
bulbocavernosus muscles (LABC), the glans penis (GP) and the Cowper’s or bulbourethral glands (COW)
(8). In Phase-1B the inhibition of this response in these 5 tissues to selected TP doses was assessed against
a series of FLU-doses. Again the response of all 5 tissues was found to be robust and reproducible across
laboratories and in the presence of several variations, e.g. strain of rat, diet and modest variations in the age
of castration. All laboratories and all protocols were successful in detecting increases in the weights of the
accessory sex organs and tissues in response to TP, and there was good agreement among laboratories with
regard to the dose-response relationships obtained. There was similar robustness, reproducibility, and
agreement between laboratories in their results with regard to the dose response relationships of the anti-
androgenic effects of FLU (8).

11. In Phase-2 the performance of the protocol was assessed against additional androgen agonists,
antagonists, and a Sa-reductase inhibitor using the same 5 target tissues.

12. The Phase-2 wvalidation program successfully achieved the goal of demonstrating the
reproducibility of the protocol for detecting weaker androgen agonists like Methyltestosterone and
Trenbolone. All laboratories were able to detect these two substances with all 5 mandatory tissues
achieving statistically significant increases. In addition, the Phase-2 validation program successfully
demonstrated the reproducibility of the protocol for detecting weaker androgen antagonists like
Procymidone, Vinclozolin, Linuron and p,p’-DDE. All laboratories were able to detect p,p’-DDE with all 5
mandatory tissues achieving statistically significant decreases related to the TP reference group. All
laboratories were able to detect Procymidone and Vinclozolin (4 laboratories each) with 4 mandatory
tissues achieving statistically significant decreases; the weight decrease of GP, however, sometimes failed
to achieve statistical significance. 3 of 4 laboratories were able to detect Linuron with at least 4 of the
mandatory tissues achieving statistically significant decreases; the 4™ laboratory detected Linuron only
with SVCG. But this latter laboratory had the largest coefficients of variation (CVs) and encountered some
apparent difficulties in dissecting the small unstimulated tissues. Further, the Phase-2 validation program
successfully achieved the goal of demonstrating the reproducibility of the protocol for detecting the 5a-
reductase inhibitor Finasteride. All laboratories were able to detect this chemical with 4 mandatory tissues
by statistically significant decreases. GP did not achieve a statistically significant decrease in one
laboratory, and the lack or low level of activity of a Sa-reductase enzyme in this tissue is a plausible reason

13. The results of the Phase-2 validation program that were available at the VMG- and EDTA-
meeting, May 22-23, 2003, were discussed and led to the recommendation for a Phase-3 validation test
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series. Here the experimental work should first concentrate on the use of coded positive substances to show
reproducibility over time and second on the use of negative substances to get an indication about the
specificity of the Hershberger Bioassay (9, 10).

Phase-3 protocols and laboratories

14. After the decision of the VMG and EDTA to initiate Phase-3 of the Hershberger Bioassay
validation program a model protocol was developed in cooperation between the Lead Laboratory of the US
EPA (Dr. Earl Gray) and the OECD Secretariat. The study manager and director was Dr. J. William Owens
on behalf of the OECD Secretariat.

15. The laboratories participating in Phase-3 and the lead investigators are given in annex 1. The
OECD model protocol and guidance for the conduct of the study is given in annex 2. The basic protocol
requirements are listed in table 2. Mandatory weight determinations were those of total body weight,
ventral prostate (fresh) (VP), seminal vesicle and coagulating glands (SVCG), levator ani and
bulbocavernosus muscles (LABC), glans penis (GP) and Cowper’s glands (COW). Weight determinations
of liver, adrenal glands, and kidneys were optional.

Table 2. Protocol summary for OECD Phase-3 validation study

Factor Protocol requirements
Animals Species Rat
Strain No preference (not Fischer 344)
Age at castration At peripuberty; approx. 6 weeks, but
minimum age of 42 days
Time after castration 1-2 weeks

Age at initiation of treatment 7-8 weeks
Weight at time of treatment Not specified; should be + 20%

Animal husbandry Diet Laboratory preference
Bedding Laboratory preference
Caging Laboratory preference
Treatment regimen | Animals per dose group 6
Vehicle corn oil
Volume of administration
subcutaneous 0.5 ml/kg/day
gavage 5.0 ml/kg/day
Dosing regimen (mg/kg/day) 10 consecutive daily administrations
Sacrifice 24-hrs after last treatment
Measurements Mandatory weights Total body weight

Ventral prostate (fresh) (VP)

Seminal vesicle + coagulating glands
(SVCG)

Levator ani + bulbocavernosus
muscles (LABC)

Glans penis (GP)

Cowper’s glands (COWS)

Optional weights and | Liver
measurements Adrenal gland (paired) weight
Kidney (paired) weight
16. A total of ten laboratories from Denmark, France, Germany, Japan, Korea, the UK, and the US

volunteered to participate in the Phase-3 studies under the direction of the Lead Laboratory and the
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Secretariat. All of the laboratories had participated in the previous testing phases. The laboratories were
from both the public and private sectors as noted in Table 3.

Table 3. Laboratories participating in the OECD Hershberger Phase-3 validation study

Country Laboratory Number of Laboratories
Denmark Government 1
France Industry 1
Germany Industry 2
Japan Government 2
Private Contract 1
Korea Government 1
United Kingdom Industry 1
Private Contract 1
United States Government 1
(Lead laboratory) (1)
Total performing studies 10

(1) The Lead Laboratory did not perform any study

17.

Because the intended purpose of the Hershberger Bioassay is the rapid screening of a potentially

large number of chemicals, the judgment was that rigorous and detailed standardisation of all of these
variables would constrain the ability to widely use the Hershberger Bioassay in many of the OECD
member countries. Therefore, the protocol allowed variations in a number of study conditions, including
the choice of rat strain, the laboratory diet, housing and husbandry practices such as the use of cage
bedding, and (within the ranges permitted by the model protocol) the age of castration and the time period
of regression after castration. The specific conditions in each laboratory at the time that the Hershberger
Phase-3 studies were conducted are summarized in Table 4a.

Table 4a. Laboratory parameters and conditions for Phase-3 validation study

Lab Rat strain Age a_t A_cclimation Vehicle Age at Diet Animals
castration time (days) autopsy per cage
Wistar rats, . o
1 CriGIxBriHan-WI 44-46 7 corn oil 61-63 Provimi Kliba SA 1
a . 67-68, 65-
2 Sprague Dawley 43, 44 15, 11-13 corn oil 67 UAR, A04C-10 1
SPF-bred Wistar . s
3 HsdCpb:WU 42 14 corn oil 64-65 Provimi Kliba SA 3
5 HanTac:WH 42-45 14 comoil  66-70 Proprietary ° 3
outbred
7 CD (SD)IGSBR  41-43, 42-45 11,10 corn oil 62-64 SDS, R&M1 3
8 Sprague Dawley 44-45 11 corn oil 63-64 PMI 5057 3
9 Alpk:APfSD 42-43 10-11 corn oil 63-64 SDS, R&M1 3
Brl Han: WIST Jcl . MF, Oriental
10 (GALAS) 42 14 corn oil 63 Yeast 3
11 Crj:CD IGS (SD) 42 7 corn oil 59-61 CE-2, Clea 1
13 Crj:CD IGS (SD) 41-42 10 comoil  62-63 CRFQéaOSrt'e”ta' 1

UAR: Usine d'Alimentation Rationnelle; SDS: Special Diet Services

% First set of days are for agonist studies, second set of days are for antagonist studies, when different.

® Purified (semi synthetic) diet, prepared at laboratory 5
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18.

4b. The code numbers of the participating laboratories are the same for Phases-2 and —3.

Table 4b. Laboratory parameter and conditions for Phase-2

For comparison the laboratory parameters and conditions of Phase-2 testing are given in Table

Age at Acclimation Age at Animals
Lab Rat strain . . Vehicle Diet per
castration time (days) autopsy cage
Wistar rats, . e
1 CriGIxBriHan:WI 44-46 7 corn oil 61-63 Provimi Kliba SA 1
0 - -
2 Sprague Dawley  43-45 47 12, 10-11 01\'/|50/° 64 667é 67- UAR, A04C-10 1
SPF-bred Wistar . o
3 HsdCpb:WU 45-46 12-13 corn oil 67-69 Provimi Kliba SA 3
Brl:WIST Han@Mol . 66-70, 70- . a
5 outbred 42-45 14-15, 18 corn oil 73 Proprietary 3
7 CD (SD) IGS BR 42-45 7 corn oil 59-63 SDS, RM1 3
8 Sprague Dawley 42 8 corn oil 60 PMI 5057 3
9 Alpk:APfSD 42-43 9-10 corn oil 62-63 SDS, RM1 3
Brl Han: WIST Jcl . MF, Oriental
10 (GALAS) 41-43 7 corn oil 59-61 Yeast 3
Crj:CD IGS (SD)° 40-44 8 . 59-63 MF, Oriental 1
1 corn oil
Yeast
Crj:CD IGS (SD) " 41-44 11 . 63-66 MF, Oriental 1
13 corn oil
Yeast

MC: Methyl cellulose; UAR: Usine d'Alimentation Rationnelle; SDS: Special Diet Services

? Purified (semi synthetic) diet, prepared at laboratory 5

® _ Atsugi facility in Kanagawa, Japan.

19.

were mostly identical in Phase-2 and Phase-3 with the following exceptions:

- Lab. 5: In Phase-2 and -3 different rat strains were used.

Lab. 11: Different diets were used in Phase-2 and -3.

Lab. 13: Different diets were used in Phase-2 and -3.

Lab. 2: The vehicle in Phase-3 was corn oil instead of 0.5% Methylcellulose in Phase-2.

The comparison of table 4a and 4b shows that the specific laboratory parameters and conditions

In addition, in most laboratories there were small differences in age and castration, acclimation

time and age at autopsy.

In summary, for most laboratories there was a change of few days for the age at castration, the
acclimation time and the age at autopsy. These minor differences are not considered to have a major
influence on the results of the Hershberger Bioassay. For one laboratory there was a change of the rat strain
and for two laboratories a change of diet that might make some difference for the data obtained in Phase-2

and Phase-3.
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Measurements and Data Reporting

20. The mandatory and optional measurements actually performed in each laboratory during the
Hershberger- Phase-3 study are summarized in table 5.

Table 5. The mandatory and optional measurements performed by laboratories in Phase-3

Measurements made in Phase-3
(coded test substances)
Mandatory Optiona
n
Pl 0
2|1 28| 4 2
S| o s
7] N o [T) 7)) -
5| 2/¢s| 2| €| J
S| 5 |s8| E| &% 210
o i £ 3 (3} ) o o c [
S| E|EQR| @ | S| 2| ¢| 2|5
91 2/88| S| |8 |5 |23 | ¥
1 A A A A A Y Y Y
2 A A A A A Y Y Y
3 A A A A A Y N N
5 A A A A A Y Y Y
7 A A A A A Y Y Y
8 A A A A A Y Y Y
9 A A A A A Y Y Y
10 A A A A A Y N N
11 A A A A A Y N N
13 A A A A A Y Y Y
A - Performed mandatory endpoint
Y — Performed optional endpoint; N — Did not perform optional endpoint
21. The Secretariat provided each participating laboratory with a standard Excel spread sheet for

recording and transmitting the data in a standard format similar to Phase-2. This standard format provided
for rapid e-mail transmission of the results regardless of geographic location to the Secretariat and to the
Lead Laboratory. In addition, the work sheets provided the means to quickly calculate basic means,
standard deviations and CVs to assist data audits. This proved essential for a rapid assessment of possible
entry errors or identification of possible issues by the Secretariat and the Lead Laboratory, e.g., unusually
large standard deviations for a group. In addition, the organisation and format of data allowed the rapid
extraction into statistical programs by the Secretariat and the Lead Laboratory.

22. The reference androgen agonist was Testosterone Propionate (TP), the reference androgen
antagonist was Flutamide (FLU). TP was given by subcutaneous injection, all other chemicals by oral
gavage. The test substances for Phase-3 with the exception of TP and FLU were supplied coded to each
laboratory. The codes were broken after all laboratories had submitted their results to the OECD
Secretariat.

Test Chemicals and Dose Selection for Phase-3
23. For the androgen agonist test protocol, coded samples of Trenbolone (1.5 and 40mg/kg/d) were
administered orally. These doses were previously used in Phase-2 by 3 laboratories. A statistically

significant increase in target organ weights was to be expected from the earlier studies for the high dose,
but no increase for the low dose. Most laboratories also administered TP as additional agonist by
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subcutaneous injection of either 0.4 or 0.2 mg/kg/d, using the same doses as in their previous
investigations. In addition, coded samples of p-Nonylphenol (branched) and 2,4-Dinitrophenol were
provided to be orally administered to dose levels of 160 mg/kg/d and 10 mg/kg/d, respectively. These
chemicals were expected from the literature to be negative as agonists in the Hershberger Bioassay. The
dose levels were selected to avoid acute toxicity either by a separate range finding study (DNP) or by
previous data from the Uterotrophic Bioassay results obtained during the validation of this latter test
procedure.

24. For the androgen antagonist test protocol, the test chemicals were administered orally at
prescribed dosage levels concurrently with TP to determine if they attenuated the effect of growth
stimulation by TP in the androgen-dependent tissues. TP was administered subcutaneously at dose levels of
0.4 or 0.2 mg/kg/d according to the previous dosing scheme of the laboratories. Coded samples of the
negative reference chemicals (NP and DNP) were provided at the same dose levels as for agonist testing.
The coded antagonists and the dose levels were: p,p’-DDE (16 and 160 mg/kg/d) and Linuron (10 and 100
mg/kg/d). Flutamide (3 mg/kg/d) was supplied uncoded and could be tested voluntarily as positive
androgen antagonist reference chemical. Dose selection for DDE and LIN was based on the results of the
previous Phase-2 studies: For LIN 3 of 4 participating laboratories had found a statistically significant
antagonistic effect at a dose level of 100 mg/kg/d (apart from the glans penis). Thus, 100 mg/kg/d should
be a dose level showing positive effects in the Phase-3 study. At 10 mg/kg/d no antagonistic effects were
observed in the Phase-2 study. For DDE all 4 laboratories using a reference dose of 0.4 mg/kg/d of TP had
found statistically significant antagonistic effects at 160 mg/kg/d and no effects at 16 mg/kg/d. All 5
laboratories using a reference dose of 0.2 mg/kg/d of TP had found statistically significant effects at 100
mg/kg/d of DDE (the highest dose tested) for all target organs and no effects at 10 mg/kg/d, while some
effects were found at 30 mg/kg/d. For FLU 3 mg/kg/d led to significant antagonistic effects in the Phase-
1B of the OECD validation study.

25. In summary based on previous laboratory data, the following results were expected for the Phase-
3 coded validation studies:

a) agonist test protocol:
- TP (0.4 and 0.2 mg/kg/d): statistically significant increase of target organ weights
- TRE (40 mg/kg/d): statistically significant increase of target organ weights
- TRE (1.5 mg/kg/d): no increase of target organ weights
- NP (160 mg /kg/d): no increase of target organ weights
- DNP (10 mg/kg/d): no increase of target organ weights

as compared to the vehicle control group.
b) antagonist test protocol:
- FLU (3 mg /kg/d): statistically significant decrease of target organ weights
- LIN (100 mg/kg/d): statistically significant decrease of target organ weights
- LIN (10 mg/kg/d): no effect on target organ weights

- DDE (160 mg/kg/d): statistically significant decrease of target organ weights
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- DDE (16 mg/kg/d): no effect on target organ weights
- NP (160 mg/kg/d): no effect on target organ weights
- DNP (10 mg/kg/d): no effect on target organ weights
as compared to the control group given TP as androgen agonist.

The test chemicals and the rationale for dose selection for Phase-3 testing are summarised in

table 6.
Table 6. Selected doses for Phase-3 coded test substances
Compound Doses Rationale
Testosterone propionate 0.2 mg/kg/d Selected based on Phase-1 and Phase-
(positive reference 2 results.
agonist) 0.4 mg/kg/d Selected based on Phase-1 and Phase-
2 results.
Flutamide (positive 3 mg/kg/d Selected based on Phase-1 and Phase-
reference antagonist) 2 results.
Nonylphenol (negative) 160 mg/kg/d Uterotrophic dose
Dinitrophenol (negative) 10 mg/kg/d Range finding studies to avoid acute
toxicity
Trenbolone (previous 1.5 and 40 mg/kg/d Selected based on Phase-2 results.
positive agonist)
Linuron (previous positive | 10 and 100 mg/kg/d Selected based on Phase-2 results.
antagonist)
p,p-DDE (previous 16 and 160 mg/kg/d Selected based on Phase-2 results.
positive antagonist)
Test Chemical Supply
26. The European Chemical Industry Association (CEFIC) has previously supported the uterotrophic

validation programme, the enhanced TG 407 validation programme, and Phase-1 and Phase-2 of the
Hershberger validation programme by providing financial and managerial responsibility for a centralised
chemical repository. CEFIC agreed to continue their support for Phase-3 of the Hershberger validation
programme. TNO in the Netherlands continued to serve as the centralised chemical repository as it had for
other programmes and phases. Chemicals were purchased, donated, or acquired by synthesis. Where
chemicals were included in more than one programme, sufficient quantities of test substances were
available so that the same batch could be used in parallel or future studies.

27. After the participation of each laboratory was confirmed, the quantities of test substance that
would be needed by each laboratory were calculated. Chemicals were shipped in compliance with
regulatory and customs requirements of each nation where participating laboratories were located.
Shipments were timed to arrive before the study animals in order to avoid wastage, e.g., expiration of the
time window for using immature animals. Other details of the substance supply and handling included:

- The amounts of test chemical needed by each laboratory were calculated and weighed into
individually coded, opaque vials. TP as reference androgen agonist was delivered uncoded.
Individualised instructions were given to each laboratory, including the volume of test vehicle to
be added to provide a test dose solution that could be administered to give the prescribed doses.
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- The Lead Laboratory reviewed that the instructions for dissolving, preparing, and making up the
solutions were suitable for the test substances. The model protocol for Phase-3 recommended the
use of corn oil as most ligands for nuclear receptors such as the androgen receptor have
hydrophobic characteristics and corn oil is widely accepted and used by toxicologists for both s.c.
and gavage administration.

- Participating laboratories were asked not to break the codes to ensure that all measurements, data
acquisition and evaluations were done blindly as to the identity and the doses of the test
substances. Codes were disclosed by the OECD Secretariat after the final reports of the Phase-3
work had been received.

- In one case, the sealed code letter was opened at the laboratory. The substances were returned to
the repository and a new set of codes and packaged substances was provided to the laboratory.

28. As for TREN there are various specific national regulations, e.g. for importing, a different
procedure was used: The material was provided by Sigma Chemicals all from a single lot. The material
was shipped from Sigma Chemicals directly to the participating laboratories.

Statistical Analyses of the Data

20. The Lead Laboratory calculated means, standard errors, and the CVs for each endpoint using
PROC MEANS on SAS (version 6.08, SAS Institute, Cary, NC, USA). ANOVAs were done using PROC
GLM for each laboratory and then the laboratories were pooled for each test substance. Data were then
analysed by one-way ANOVA on PROC GLM for each laboratory (with dose as a main effect). Data for
each endpoint also were analysed as a two-way ANOVA, with dose and laboratory as main effects, so that
the magnitude of the overall dose and laboratory effects, and their interaction, could be determined. In
Phase-2 the CV for each androgen-dependent organ weight was fairly constant as the means increased, the
standard deviation (SD) being proportional to the mean. This supported the log transformation of the data
to provide for a more valid comparison of the effects on organ weights at lower dosage levels.

30. In addition to means and CVs, the R-square values for different effects were calculated. An R-
square for an effect was calculated by dividing the sums of squares from the ANOVA for an effect by the
total sums of squares in the model. This provides an indication of the strength of the association for an
effect with an endpoint. This calculation can be used to compare the robustness of the effect across
endpoints, the variation from laboratory-to-laboratory, or to what degree the dose-responses vary among
laboratories, as indicated by the R-square for the laboratory by dose interaction. The statistical evaluations
and the report of the Lead Laboratory are given in annex 3 for androgen agonist testing and in annex 4 for
androgen antagonist testing.

31. In the case of testing the antagonist protocol, the organ weights of the vehicle control group, if
performed by the participating laboratory, were excluded from the analyses.

32. To enable a direct comparison with the data of Phase-1 and Phase-2 the Secretariat calculated the
standard deviations that are given in the tables with the means of the organ weights.
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RESULTS OF PHASE-3

33. In this section, the results obtained by the androgen agonist protocol will first be listed, followed
by those from the androgen antagonist protocol. The data will be discussed separately for each test
chemical. Optional organ weights (liver, adrenals, kidneys), were determined by most laboratories and the
data were submitted to the OECD Secretariat. Generally there were no treatment-related effects and these
data do not add relevant information to this validation Phase-3 of the Hershberger Bioassay. Therefore, the
optional organ weights will only be discussed in specific cases.

34. The results obtained for the androgen agonists and antagonists will first be analysed by pairwise
comparison of the target organ weights. The tables relating to this evaluation give the means and standard
deviations as calculated by the Secretariat, the results of the pairwise t-test comparisons (p < 0.05 and p <
0.01) are taken from the report of the Lead Laboratory (Annex 3 and 4). The overall analysis refers to the
report of the Lead Laboratory (Annex 3 and 4).

Androgen agonist data; pairwise comparison of target organ weights

35. The data obtained by the androgen agonist test protocol are given in table 7. The castrated
animals are treated for 10 consecutive days with the test chemicals and after the application period the
weights of the androgen-dependent tissues (ventral prostate - VP; seminal vesicles and coagulating glands -
SVCQG; levator ani and bulbocavernosus muscle - LABC; glans penis - GP; Cowper’s glands - COW) are
determined. An androgen agonist will lead to an increase of weights for these target organs. The absolute
target organ weights and the standard deviations for the androgen agonist test protocol are given in table 7.
The data for GP of laboratory 5 cannot be evaluated because many animals in this laboratory did not
undergo preputial separation, so GP was not dissected or weighed.
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NOTE: For TP doses were in Labs 1-9: 0.4 mg/kg/d and in Labs 10-13: 0.2 mg/kg/d
Body weights are given in g; VP, SVCG, LABC, GP, and COW weights are given in mg.

Body
Weight

VP

SVCG

LABC

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Vehicle

221.1+6.38
316.5 £ 11.60
237.0 £20.42
240.3 + 19.56
275.0 £19.77
339.2+8.54
314.0+£4.10
262.9£17.03
280.8 £7.93
303.2 £15.48

Vehicle

18.3+4.95
15.9+5.18
18.4+4.84
15.2+1.68
48.6 + 27.65
20.6 +4.99
21.9+6.45
16.8 £ 1.01
16.0 £5.22
22.0+3.08

Vehicle

374 +£7.71
40.0 + 16.85
415%5.72
31.1+6.84
58.6 + 14.17
57.0+9.74
72.8 £11.16
27.9 £ 5.56
42.0 £ 14.50
61.2+594

Vehicle

152.4 +27.40
92.1 +20.14

178.9 + 32.76
112.4 £ 29.35
232.7 £ 35.76
270.1 £ 33.06
162.3 +24.43
136.8 +22.17
163.6 + 38.32
191.3 £ 15.99

Nonylphenol
160 mg/kg/d
211.7 £12.41
302.6 £ 15.45
2247 £26.15
223.2+17.22
265.2 £ 9.86
323.7 £ 8.44
308.7 £ 27.80
250.6 £ 12.02
2759 +£6.27
297.3 £17.61

Nonylphenol
160 mg/kg/d
19.2+4.96
14.2 + 6.68
14.3+4.05
13.4+545
44.3 £ 20.68
17.5+4.48
16.9+544
17.0+3.24
19.8+5.10
20.6 £ 1.45

Nonylphenol
160 mg/kg/d
39.8 £9.33
40.3 +6.03
38.6+7.24
30.7 £ 6.81
65.1 £ 17.05
63.6 + 10.10
67.7 £ 19.53
26.5+1.95
409 +11.16
58.1 £6.97

Nonylphenol
160 mg/kg/d
161.3 + 28.62
92.2 + 25.31
160.2 + 39.65
99.8 + 12.01
198.4 £ 39.42
240.1 £ 18.63
156.3 £ 18.56
128.2 £19.24
178.6 £ 23.49
178.6 £ 25.15

Dinitrophenol
10 mg/kg/d
221.0+£5.15
315.0£13.75
254.0 £20.84
235.8 £17.86
268.6 + 14.51
323.3 £ 14.09
314.3 £ 14.08
252.4 £ 12.84
285.2+£12.40
308.3 £14.88

Dinitrophenol
10 mg/kg/d
19.1+4.41
15.2+6.16
20.6 £ 11.19
15.3+6.68
20.5+7.96
18.0 £ 2.87
18.9+4.66
15.6 £ 3.43
15.8 £ 6.53
240+1.72

Dinitrophenol
10 mg/kg/d
37.2+6.31
46.6 + 10.93
379+ 11.42
30.0 £ 5.05
60.5 +9.30
55.2+9.13
66.0 + 5.62
25.7+£4.93
38.8 £ 12.21
58.4 £ 8.22

Dinitrophenol
10 mg/kg/d
176.2 £ 29.11
95.2 + 16.69
174.1 £25.79
101.6 £ 25.84
215.2 £ 30.02
263.6 £ 27.39
154.5 £ 11.85
128.3 £ 11.03
189.9 £ 30.38
190.7 £ 6.65

30

Trenbolone
1.5 mg/kg/d
223.9+£6.03
317.8 £21.54
236.3 £11.79
229.8 £ 14.91
283.9+9.73
326.7 £20.13
319.5 + 14.61
249.4 +12.89
281.8 £15.04
300.8 £ 14.88

Trenbolone
1.5 mg/kg/d
19.9+3.14
15.3+£7.11
15.1 +£4.93
15.0 +4.29
48.5 + 31.78
224+ 263
20.8 +3.72
149+1.24
18.4 £ 3.20
26.2 + 3.81

Trenbolone
1.5 mg/kg/d
38.7+9.24
58.4 £ 11.52
35.3+£10.62
26.9 £6.82
54.4 £6.73
70.2 £17.55
72.5+16.46
29.0 £ 3.50
41.6 +11.51
61.2+10.92

Trenbolone

1.5 mg/kg/d
180.0 £ 31.24
149.4 + 41.10**
172.0 +11.33
105.6 £ 15.98
214.0 £ 37.03
294.5 +75.00
176.9 + 18.31
141.5+15.22
216.3 £ 17.30**
221.1 +35.79

Table 7. Hershberger Agonist Data; Target tissue weights by laboratories

40 mg/kg/d
209.3 + 11.84*
274.8 + 15.95**
208.8 + 16.53*
214.7 £ 9.99*
238.9 + 11.96**
306.6 £ 11.62**
289.8 + 16.07*
243.7 £9.17*
261.5+7.12**
264.6 + 26.37**

40 mg/kg/d
34.3 £ 9.60**
71.7 £23.23**
29.6 + 10.53*
74.2 + 47.39**
70.3 £43.99(A)
349 +3.71*
30.3 £4.12**
34.1+£7.98*
33.4 +6.33*
43.7 £ 11.55**

40 mg/kg/d
86.4 £ 14.32**
262.3 £ 78.86*
108.4 + 21.33**
169 £ 129.05**
144.4 + 29.35**
144.4 + 26.38**
129.7 £ 15.65**
61.2 £9.62*
178.7 £ 60.43**
165.5 £ 37.09**

40 mg/kg/d

358.8 + 74.25**
370.6 + 46.39**
358.7 + 80.40**
308.4 + 67.54**
447.0 + 50.90**
548 + 103.34**
246.1 £ 41.08**
298.5 + 28.15**
426.8 + 46.19**
452.3 + 34.53**

TP

223.2 £9.63
Not done
247.8 £ 11.96
242.7 £13.75
300.2 £9.33
338.5+8.89
338.8 £9.91
266.0 £ 12.66
305.6 £ 14.98
320.0 £22.73

TP

106 + 15.48**
Not done

65.9 £ 21.71**
126 £ 28.14**
267 £ 134.95**
128 + 19.11**
146 £ 28.85**
93.6 £ 11.05**
122 + 25.56**
187 + 48.39**

TP

205.4 + 38.89**
Not done

177.9 £ 56.36**
235.8 + 36.82**
486 + 135.65**
384.6 £ 57.54**
533.9 £ 53.35*
190.4 £ 19.11**
420.4 + 32.09**
431.3 £ 55.15**

TP

369 + 42.09*
Not done

356 + 82.72*
298 + 44 .28**
622 + 73.24**
530 £ 25.33**
377 £29.43**
312 £ 26.85**
527 + 23.47**
544 + 83.52**
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. Nonylphenol Dinitrophenol ~ Trenbolone
Vehicle 160 mg/kg/d 10 mgkg/d  1.5mgkg/d 40 mgkgld T
Lab 1 42.8 + 3.91 43.2+4.28 43.1 +3.99 4391274 56.5 + 8.84** 65.2 £ 5.53**
Lab 2 442 +7.00 4191455 43.8 £5.89 50.6 + 6.37 721 +7.01* Not done
Lab 3 39.2 +3.99 43.2+4.44 44.0 £ 11.00 40.4 £3.25 529+ 211(A) 67.4+7.75*
Lab5?® ° a a a 62.9+1895% 67.5+524°
GP Lab 7 66.5 £ 5.60 729+9.77 66.3 £+ 14.79 67.4 £ 3.40 89.6 + 12.53** 105.3 £5.63**
Lab 8 53.6 £ 6.19 53.1£5.18 54,1 £5.23 51.0+£7.23 724 £ 4.67* 76.6 £ 8.87**
Lab 9 70.2 +£6.97 64.1+3.12 66.2 £ 5.25 65.1£6.29 85.1£10.79** 113.7 +£6.06**
Lab10 29.5+5.65 29.9+2383 28.3+7.21 32.6 £5.13 49.8 + 6.49* 64.4 £ 597
Lab 11 441 +4.31 4291224 41.8+2.25 455+ 254 58.5 £ 3.70** 73.9 £ 3.93**
Lab 13 53.0+7.99 54.6 +5.37 54.8 + 5.59 52.0 + 2.57 729 +3.18* 95.1 + 8.04*
@ Many animals in this lab did not undergo preputial separation, so glans penis was not dissected or weighed.
. Nonylphenol Dinitrophenol  Trenbolone
Vehicle 160 mg/kg/d 10 mgkg/d  1.5mgkg/d 40 mgkgld T
Lab 1 6.6 + 1.96 8.7+1.85 9.5+279 8.2+2.40 14.1 + 3.34* 26.0 £ 3.70**
Lab 2 3.6+1.90 4.6 £0.80 511214 10.4 + 3.86* 21.4£10.18"* Not done
Lab 3 6.1 +3.59 55+249 6.0+224 6.1+1.85 10.3 + 5.66* 16.1 £ 4.95*
Lab 5 3.5+1.26 4.0+1.04 3.5+045 3.5+0.87 13.4 £ 8.60** 22.5 + 3.45**
cow Lab 7 9.8+4.10 7.0+3.48 4.8+2.23 3.2+ 250 11.9+3.63(A) 39.6 +4.31*
Lab 8 8.2+5.18 7.7+1.89 8.2+255 11.0 £ 4.81 19.7 £ 5.15** 30.6 + 7.36™
Lab 9 7.1+1.04 6.6 £ 1.35 6.6 +£1.22 7.0+1.59 10.4 £ 2.00** 41.2 £ 4.36*
Lab10 4.1+£1.30 44 +1.38 3.9+145 45+ 1.06 10.3 £ 2.48* 20.4 £ 3.53**
Lab 11 5.8+ 1.31 56+1.12 44 +1.68 5.8+ 1.82 10.1 £ 2.62* 34.4 £8.14*
Lab13 85+2.15 74+1.76 8.0+1.33 8.8 +2.37 18.2+5.18* 37.1 £ 6.59**
Pairwise t-test comparisons:**: p < 0.01; *: p < 0.05
(A): Indicates that an effect that should have been significant was not affected, i.e. a “false negative”.
p-Nonylphenol (branched) (NP)
36. NP at a dose level of 160 mg/kg/d did not lead to an effect on any of the 5 target organ weights.

Since in laboratory 5 many animals did not undergo preputial separation, the glans penis could not be
dissected or weighed in this laboratory. Thus, as was expected no androgen agonistic response was found
for this substance (table 7).

37. When pooling the weights of all optional tissues (data not shown here) there was a significant
increase in mean liver and kidney weight (p<0.01) (cf Table 4 of the Lead Laboratory report, annex 3). In
all laboratories there was a numerical but not a statistically significant decrease in body weight. But
pooling body weight data over all laboratories led to a statistically significant decrease (p<<0.01). These
effects on body, liver and kidney weights show that the dose given corresponded to the criteria for a
maximally tolerable dose (MTD).

2,4-Dinitrophenol (DNP)

38. DNP, at a dose level of 10 mg/kg/d, did not lead to an effect on body weight nor on any of the 5
target organ weights. Since in laboratory 5 many animals did not undergo preputial separation, the glans
penis could not be dissected or weighed in this laboratory. Thus, as was expected no androgen agonistic
response was found for this substance (table 7).

Trenbolone (TREN) 1.5 mg/kg/d
39. TREN at a dose level of 1.5 mg/kg/d did not influence body weight and did not increase the

weight of VP, SVCG, and GP. Since in laboratory 5 many animals did not undergo preputial separation,
the glans penis could not be dissected or weighed in this laboratory.
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There was a statistically significant increase in COW (p<0.05) reported by laboratory 2. No other
laboratory found a statistically significant weight increase of COW, neither clear numerical increases can
be seen at this dose level. Laboratory 2 had one of the lowest vehicle control COW weights and one of the
highest after treatment. Therefore, this effect may be considered as a chance finding.

Laboratory 2 and laboratory 11 found a statistically significant weight increase for LABC
(p<0.01). In addition, there is a numerical weight increase for laboratories 1, 8, 9, 10, and 13. This
indicates that the androgenic/anabolic effect of TREN starts at about a dose level of 1.5 mg/kg/d with the
LABC weight being the most sensitive parameter.

In conclusion as was expected by the Phase-2 data a dose level of 1.5 mg/kg/d of TREN did not
lead to an androgenic response of VP, SVCG, GP and COW. But obviously LABC seems to be the most
sensitive tissue, the androgenic response starting at about this dose level. This is in line with the results of
Phase-2, where laboratory 3 and 7 noted a numerical increase in LABC weight from 195.6 mg to 218.7 mg
(laboratory 3) and from 233.5 mg to 260.3 mg (laboratory 7).

40. Three laboratories tested the low dose of TREN both in Phase-2 and-3 (laboratories 1, 3, and 7).
In both phases there was no statistically significant weight increase in any of the target organs reported by
the participating laboratories (15 target organs in total). Thus, there was a 100 % concordance between
Phase-2 and Phase-3.

Trenbolone (TREN) 40 mg/kg/d

41. TREN at a dose level of 40 mg/kg/d led to a statistically significant decrease in body weight in all
laboratories. This was expected by the results of Phase-2 where 2 of the 3 participating laboratories found a
significant decrease of terminal body weight and the 3 a numerical decrease. In Phase-2, 3 laboratories
(laboratory 1, 3, and 7) participated in the multiple dose testing of TREN. All 3 of them reported a
significant increase in the weights of all target tissues. Correspondingly, the SVCG and LABC weights
were found by all laboratories to be significantly increased in Phase-3.

GP weights could not be determined in laboratory 5 since in this laboratory many animals did not
undergo preputial separation, so the glans penis could not be dissected. Of the remaining 9 laboratories, all,
apart from laboratory 3, achieved statistically significant increased GP weights. But the GP weight in
laboratory 3 was numerically clearly increased being in between the control and the TP groups similar to
all the other laboratories.

In laboratory 7 VP was not significantly increased as compared to the vehicle control group. On
the other hand, in Phase-2 this laboratory had reported a highly significant weight increase after treatment
with 40 mg/kg/d TREN. In Phase-2 the ventral prostate weight of the vehicle control group was 15.2 mg,
well comparable to the control weights of all the other laboratories. But in Phase-3 the vehicle control
weight was 48.6 mg more than by a factor of 3 higher as compared to the weight in Phase-2. Furthermore,
the VP weight of this vehicle control group was the highest of all laboratories participating in Phase-3. In
addition, in comparison to the VP weight obtained with the negative control substance DNP there was a
statistically significant increase after treatment with TREN (40 mg/kg/d). (Note: the weights obtained after
administration of the negative reference chemicals, NP and DNP, can also be used for comparison since
these negative reference substances did not lead to any effect on the androgen target organs.) Thus, the
missing significance can be attributed to insufficient dissecting procedures of this specific laboratory
leading to exceptional high and variable VP weights.

A similar situation exists for COW of laboratory 7: While in phase-2 testing laboratory 7 found a
significantly increased COW weight there was no significant increase in Phase-3 after application of 40
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mg/kg/d TREN. Again the COW vehicle control weight is the highest among all participating laboratories
and the weight of the TREN group is in the lower range. On the other hand, in comparison to the COW
weights obtained with both of the negative control chemicals (NP and DNP) the TREN treatment group
shows a significantly increased COW weight. (Note: the weights obtained after administration of the
negative reference chemicals, Nonylphenol and Dinitrophenol, can also be used for comparison since these
negative reference substances did not lead to any effect on the androgen target organs). Thus, this missing
significance should be regarded as a chance finding at least partially related to the high vehicle control
weight possibly due to insufficient dissection procedures.

In conclusion, the target organ weights were increased as was to be expected after treatment with
40 mg/kg/d TREN. The missing significances in one of the 10 participating laboratories for VP and COW
may be explained by problems of the laboratory procedures leading to very high control weights.
42. Table 8 gives the CVs for VP and COW. For these tissues laboratory 7 did not achieve a
significant organ weight increase in comparison to the vehicle control group after the high dose of TREN.
Thereby the hypothesis will be investigated that laboratory 7 belongs to the laboratories with the highest
CVs for both of these target organs. In this table only the CVs of the substances are listed that were coded
and thereby tested in a blinded manner. The CVs of the uncoded TP doses are not considered. The CVs of
laboratory 7 are highlighted in bold figures, the CVs that are higher than those of laboratory 7 are marked
in italics.
For VP weights the following picture emerges:
- Vehicle control groups: The CV of lab. 7 (56.91) was not exceeded by any other laboratory.
- Nonylphenol: the CV of laboratory 7 (46.66) was only exceeded by one other laboratory (46.98).
- Dinitrophenol: the CV of laboratory 7 (38.82) was exceeded by 4 of the remaining 9 laboratories.

- Low dose of Trenbolone: the CV of laboratory 7 (65.58) was not exceeded by any other
laboratory.

- High dose of Trenbolone: the CV of laboratory 7 (62.55) was only exceeded by one other
laboratory (63.87).

In summary, laboratory 7 always belonged to those with the highest CV or actually had the
highest CV. This is strong evidence that this laboratory had some deficiencies in dissecting VP.

For COW weights the following picture emerges:

- Vehicle control groups: the CV of laboratory 7 (41.98) was exceeded by 3 of the remaining 9
laboratories.

- Nonylphenol: the CV of laboratory 7 (49.89) was not exceeded by any other laboratory.
- Dinitrophenol: the CV of laboratory 7 (46.88) was not exceeded by any other laboratory.

- Low dose of Trenbolone: the CV of laboratory 7 (79.13) was not exceeded by any other
laboratory.

- High dose of Trenbolone: the CV of laboratory 7 (30.59) was only exceeded by 3 of the
remaining 9 other laboratories.
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In summary, laboratory 7 always belonged to those with the highest CV or actually had the
highest CV. This is strong evidence that this laboratory had some deficiencies in dissecting COW.

These findings for VP and COW are a clear indication that a high standard of training of the
laboratory personnel for preparation of the small target organs is a major factor to achieve reliable results.

43. The CVs for GP of laboratory 3 did no differ markedly from those of the other laboratories (data
not shown here) in contrast to the CVs of laboratory 7 for VP and COW. Thus a laboratory effect for the
missing significance of GP weight for laboratory 3 cannot be substantiated. The single missing significance
should rather be taken as an indication for a lower responsiveness of the GP. This interpretation
corresponds to the results of Phase-2 where GP did not achieve statistical significance in several instances.

44, Three laboratories (1, 3, and 7) tested the high dose of TREN in Phase-2 as well as in Phase-3. In
Phase-2 for all organs a significant weight increase was reported by the participating laboratories (15
organs in total). In Phase-3, 12 of these 15 organs again showed a significant weight increase. As
mentioned above, 1 of the laboratories obviously had some problems with its dissection procedures for 2 of
the target organs that showed a different response as compared to Phase-2. Nevertheless, the overall
concordance between Phase-2 and-3 was 80%.
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Table 8. Hershberger Agonist Data; Coefficients of variation

Coefficients of variation of VP and COW of all laboratories. CVs of Laboratory 7 that did not achieve statistical significance with the high trenbolone dose are
highlighted in bold figures, CVs that are higher than those of laboratory 7 are marked in italics.

Vehicle NP DNP TREN 1.5 mg/kg/d TREN 40 mg/kg/d

VP cow VP cow VP cow VP cow VP cow
Lab 1 27.04 | 29.94 | Lab1 25.80 | 21.21 Lab 1 23.07 2945 |Lab1 15.77 12950 |Lab1 27.98 | 23.63
Lab 2 32.56 | 52.56 | Lab 2 46.98 | 1719 |Lab2 | 40.68 | 41.61 Lab2 |3241 4752 |lLab2 |46.40 | 37.13
Lab 3 26.30 | 58.72 | Lab3 28.25 |45.07 |Lab3 |54.27 |3718 |Lab3 | 32.61 3046 |Lab3 | 35.63 | 55.19
Lab 5 1112 | 36.29 |Lab5 4059 |26.22 |Lab5 | 4356 |1290 |Lab5 | 28.61 2519 |Labb5 | 6387 | 64.30
Lab 7 56.91 | 4198 |Lab7 |[46.66 |49.89 |lLab7 |38.82 |46.88 |Lab7 |6558 |7913 |Lab7 |62.55 | 30.59
Lab 8 24.26 | 63.32 | Lab 8 2562 2465 |Lab8 |1599 |31.04 |lLab8 |11.76 |43.57 |lLab8 | 10.64 | 26.14
Lab 9 29.51 | 14.75 | Lab 9 3220 12953 |Lab9 |24.62 | 18.51 Lab9 |[17.87 2276 |lab9 |13.59 | 19.20
Lab 10 6.04 31.83 |Lab10 | 19.06 | 31-36 | Lab 10 | 21.91 36.97 | Lab10 | 8.34 2349 | Lab10 | 23.44 | 24.04
Lab 11 3262 | 2261 |Lab11 | 2578 | 20.19 |Lab11 | 4130 |38.29 |lLab11 | 1745 |31.35 |Lab11 | 18.94 | 25.97
Lab 13 13.97 | 2522 | Lab13 | 7.03 2364 |Lab13 |7.15 16.56 | Lab 13 | 14.56 | 27.07 |LlLab 13 | 26.45 | 28.54
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Testosterone propionate (TP) 0.2 and 0.4 mg/kg/d

45. TP was not tested by laboratory 2. Laboratory 1-9 used a dose level of 0.4 mg/kg/d and
laboratories 1013, 0.2 mg/kg/d. Body weights were not affected by treatment with TP. All target organs
(VP, SVCG, LABC, GP and COW) showed a significant weight increase in all laboratories (p<0.01) as
was to be expected by the former results of Phase-1A, regardless whether a dose of 0.2 or 0.4 mg/kg/d was
used. In this respect, GP could not be evaluated for laboratory 5 as many animals did not undergo preputial
separation, so GP was not dissected or weighed in this laboratory.

46. Nine laboratories tested TP in Phase-1 as well as in Phase-3. For all target organs all laboratories
reported a significant weight increase. Thus, there was a 100% concordance for this reference chemical
that was supplied uncoded to the Phase-3 participants.

47. Overall, with the androgen agonist test protocol there was no target organ weight increase
induced by the negative reference substances. After treatment with androgen agonists the target organs
always achieved a statistically significant weight increase with two exceptions, indicating that:

- the efficiency of a laboratory to handle these small target tissues is pivotal to obtain reliable
results

- the GP weight increase may be less responsive to androgen agonist treatment and the results for
this organ may be less robust.

Androgen agonist data; overall analysis (cf Annex 3 of Lead Laboratory).

48. One of the objectives of the interlaboratory study was to demonstrate that the 10 participating
laboratories could get the “correct” responses for all the chemicals on all androgen-dependent tissues. As
TP at 0.2 and 0.4 mg/kg/d was used in Phase-1 and -2 and TREN at 1.5 and 40 mg/kg/d in Phase-2 studies
of this validation exercise the expectation for these treatment groups was:

- Decreased body weight for TREN at 40 mg/kg/d
- Significant increases in all 5 androgen-dependent organ weights with TREN at 40 mg/kg/d

- Significant increases in all 5 androgen-dependent organ weights with TP at 0.4 and 0.2 mg/kg/d
subcutaneously

- Small or only occasional increases in LABC weight with 1.5 mg/kg/d TREN.

49. When all the effects of the androgen agonist treatment groups on the 6 endpoints (body weight
and 5 androgen-dependent tissue weights) obtained in Phase-3 were correlated with the effects seen
previously in Phase-2 studies, a highly significant positive relationship was found having a correlation
coefficient of r= 0.98. A graph depicting these observed versus expected effects in Phase-3 is given in the
report of the Lead Laboratory (Annex 3). The expected and observed effects were calculated as % of
concurrent control values using the vehicle group as control.

50. Pooling the data from all 10 participating laboratories, TREN (40 mg/kg/d) was positive in 96%
of the time. At the low dose (1.5 mg/kg bw /d) TREN did not elicit many positive responses (20% of the
laboratories reported a stimulatory effect on LABC), and LABC weight was the only tissue with a
significantly increased weight after pooling the data from all laboratories (table 9). In Phase-2 this dose did
not produce any significant effects. TP at 0.4 and 0.2 mg/kg/d subcutaneously was positive in all instances.
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The “known negatives” NP (160 mg/kg/d) and DNP (10 mg/kg/d) did not stimulate growth of any of the
androgen-dependent tissues neither when analysing the laboratories separately (see above) nor after
pooling (table 9).

51. TREN is known to be an androgen agonist in vivo and in vitro having a more pronounced
“anabolic effect” on LABC as compared to the “androgenic effect” on the VP, SV, COW, and GP. This is
reflected by the pooled data for the low dose TREN-group (table 9): There was a significant weight
increase (p < 0.01) for LABC only but not for the other androgen-dependent target tissues.

52. Apart from effects on androgen dependent organs it should be mentioned that NP at a dose level
of 160 g/kg/d led to a significant increase of liver and kidney weights and to a decrease of body weight.
Thus, the maximally tolerable dose (MTD) was achieved for this anticipated negative reference chemical.

53. Analysis of variance for the 5 androgen-dependent tissues revealed that the magnitude of effect
of the chemicals and the laboratory-to-laboratory variability in phase-3 were all statistically highly
significant. Importantly, the chemical effects were fairly consistent from laboratory-to-laboratory as
indicated by the relatively small F-values for the chemical by laboratory interaction as compared to the size
of the 2 main effects (table 10).

There were statistically significant laboratory effects in each ANOVA. This was expected and
also seen in Phase-1 and —2 of the validation studies. These effects arose because the laboratories used
different rat strains, but even within the same strain the animal body and organ weights would be expected
to vary. Such a laboratory effect per se is not problematic, whereas a large laboratory by treatment
interaction would be because this would indicate chemicals were not acting similarly in all laboratories.
Although the F-values for the interaction were small in comparison to the main effects, the interaction
effect is still significant. This could lead to different conclusions in the case of small effects of a substance
depending on the laboratory.

37



ENV/IM/MONO(2007)20
Table 9. Hershberger Phase-3 agonist data; Means and Standard Errors (SEs) of body, target tissue and optional tissue weights over all participating
laboratories

All labs body weight | VP SVCG LABC GP cow Liver Adrenals Kidneys

Mean | SE | Mean | SE | Mean | SE | Mean | SE | Mean | SE | Mean | SE | Mean | SE | Mean | SE | Mean | SE
OIL 279 5 214 1.7 | 47 2.2 | 169 7.4 |49.2 1.8 6.3 042 | 11.2 0.3 |62 1.5 1970 46
DNP 10 278 4.8 | 18.3 08456 |2 169 7 49.2 196 0.34 | 11 0.32 | 63 1.7 | 1967 44
NP 160 268 | 5.3 | 19.7 151471 | 23| 159 6 49.5 1.8 | 6.1 0.3 | 118" | 0.36 | 64.2 1.8 | 2192** | 65
TREN 1.5 | 277 53 | 21.2 1.7 | 48.7 |25 |187* | 8 49.5 1.5|6.9 0.46 | 11.3 0.35 | 59 1.7 | 2024 51
TREN 40 | 251** | 4.6 | 48.1** | 4.2 | 152** | 11 | 383** | 13 | 68* 2 14.4* 109 | 113 0.32 | 54.2** | 1.9 | 2003 47
TP.4 286 5.8 | 138 | 10 | 341* | 20 | 437* |17 | 81.2* | 2.6 | 30** 1.3 | 12* 04 [543 192128 58
**: p<0.01
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Table 10. Hershberger Agonist Data; results of ANOVAs for laboratory interaction and laboratory by treatment
interaction

(TP data excluded since not coded)

All labs
Body weight Effect df F p-value
CV=56% LAB 9 184 | 0.0001
CHEMICAL 4 67 0.0001
INTERACTION 36 1 >0.40
SVCG Effect df F p-value
CV=54% LAB 9 5.1 0.0001
CHEMICAL 4 97 0.0001
INTERACTION 36 2.2 | 0.0003
LABC Effect df F p-value
CV=18% LAB 9 61 0.0001
CHEMICAL 4 377 | 0.0001
INTERACTION 36 3.1 0.0001
VP Effect df F p-value
CV=59% LAB 9 7.4 |0.0001
CHEMICAL 4 40.2 | 0.0001
INTERACTION 36 2.2 | 0.0003
GP Effect df F p-value
(no lab 5) LAB 8 110 | 0.0001
CV=121% CHEMICAL 4 92 0.0001
INTERACTION 32 1.3 | >0.11
cow Effect df F p-value
CV=44% LAB 9 8.2 | 0.0001
CHEMICAL 4 63 0.0001
INTERACTION 36 2.2 | 0.0002
54. In table 11 the CVs and the R-square values are summarized over the laboratories for the target

organs. Thereby the R-square values and the CVs can be compared for laboratory-to-laboratory. The higher
the R-square value the better is the strength of association of the chemical effects versus vehicle control
(maximum possible R-square value is 100). Laboratory 7 did not detect a statistically significant weight
increase for VP and COW by the high TREN dose (40 mg/kg/d). Correspondingly, the R-square value of
this laboratory is the lowest for VP and one of the lowest for COW. A similar situation exists for
laboratory 3 not detecting a significant increase in GP weight for the high TREN dose. The R-square value
of laboratory 3 again is the lowest one of all laboratories evaluating this target tissue.

55. The CVs given in table 11 describe the precision (variability) of the data. A high CV indicates a
high variability of the laboratory performance. If all laboratories had the same CV on an endpoint then this
would indicate that they were all dissecting the tissues with similar precision. A high CV in a laboratory
versus the others might indicate a problem. In a few cases the CVs seemed to be larger than expected: For
example, the high CV values for SVCG, VP, and COW in laboratories 5 and 10 arose from a single animal
in each laboratory from the high TREN dose group. In these cases the androgenic effect of the chemical
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treatment was still apparent. However, laboratory 7 data displayed unusually high variability in the
vehicle-treated group for VP and COW and this resulted in the only 2 false negatives in the entire data set.
These results indicate that this laboratory had some difficulty dissecting the unstimulated small tissues
(most likely) in the controls, errors in dosing, incomplete castration or some other technical problem.

56. In summary, the overall analysis of the results of Phase-3 of the Hershberger Assay
interlaboratory study using coded samples of known dosage levels of agonists or negative reference
chemicals, produced appropriate and consistent responses among all laboratories in more than 90% of the
cases (5 androgen-dependent tissues with 4 treatment groups). None of the known androgen agonists were
undetected in any laboratory by the total data set for all target tissues.

Table 11. Hershberger Agonist Data; pooled R-square values and CVs by laboratory and target organ

VP Lab 1 Lab 2 Lab 3 Lab 5 Lab 7 Lab 8 Lab 9 Lab 10 | Lab 11 | Lab 13
R2 57 81 37 59 27 77 51 32 64 72
CV 26 45 39 81 62 17 23 110 26 21
SVCG
R2 82 57 86 53 82 84 77 25 81 57
CV 20 41 24 101 23 21 18 168 43 22
LABC
R2 80 93 77 86 87 81 70 89 91 95
CV 21 20 21 25 15 19 14 16 14 11
GP
R2 56 79 45 No 48 69 60 69 82 72

data
Ccv 11 12 13 No 14 10 10 20 6.7 9
data
cow
R2 55 67 23 54 52 59 54 47 59 70
CV 27 56 51 72 44 38 20 76 28 28

Androgen antagonist data; pairwise comparison of target organ weights

57. The data obtained by the androgen antagonist protocol are given in table 12. The castrated
animals are treated for 10 consecutive days with TP at 0.2 or 0.4 mg/kg/d subcutaneously for stimulation of
the androgen responsive organs. In parallel the coded test chemicals (putative androgen antagonists) are
administered orally for the same duration: after the application period the weights of the androgen-
dependent tissues (VP, SVCG, LABC, GP, COW) are determined. An androgen antagonist will lead to a
decrease of weights for these target organs. The absolute target organ weights are given in table 12. The
data for GP of laboratory 5 can only be partially evaluated because many animals in this laboratory did not
go preputial separation, and then GP was not dissected or weighed.
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Body
Weight

VP

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Vehicle

Not done
322.7+£27.24
Not done
Not done
285.6 £ 13.91
343.0 £ 23.61
Not done
260.0 £17.41
313.2 £ 14.67
303.3 £ 16.39

Vehicle

Not done
15.0+£7.15
Not done
Not done
39.9+16.24
22.6 £1.91
Not done
14.4 £ 1.55
17.7 £ 2.70
20.7 £ 3.46

Table 12. Hershberger antagonist data; Target tissue weights by laboratories

NOTE: For TP doses were in Labs 1-9: 0.4 mg/kg/d and in Labs 10-13: 0.2 mg/kg/d

Nonylphenol

160 mg/kg/d

203.9+7.79*
328.6 + 23.32
247.2 + 23.37
230.8 £ 16.99
283.0 £ 16.29
346.5 + 14.62
336.7 +21.68
263.3+17.83
326.1 +16.37
307.0 £ 24.00

Nonylphenol
160 mg/kg/d
98.9 £ 10.64
181.2 £ 28.01
72.4 £25.10
116.0 £ 23.24
162.3 £ 47.65
131.6 + 16.68
156.2 £ 14.37
82.0+7.67*
135.0 £ 12.90
142.0 £ 34.49

Dinitrophenol
10 mg/kg/d
210.7 £9.89
355.2+13.34
239.7 £ 15.16
250.0 £ 11.47
288.3 +£17.41
360.2 +22.72
346.2 + 11.69
272.2 £9.53
332.2+20.74
317.5+10.92

Dinitrophenol

109.1 + 54.56
201.2 +40.11
62.8 + 13.68
133.6 + 37.39
178.6 + 50.35
104.5 + 14.75*
166.2 + 23.90*
85.9 + 19.32*
129.0 + 31.54
132.8 +20.11

DDE

16 mg/kg/d
207.3 £ 11.46
345.3 +17.05
246.0 £ 14.93
246.2 £ 11.20
288.4 £ 26.31
353.5+£11.78
349.3 £ 11.06
266.3 + 11.68
329.8 + 18.69
322.7 + 23.55

DDE

16 mg/kg/d
72.3 £12.96
177.9 £32.79
63.8 £ 20.89
131.9+£10.71
139.4 + 41.40*
83.1 £ 17.63**
152.7 £ 9.61
78.9 £ 14.60**
126.5 £ 39.98

160 mg/kg/d
199.7 + 8.30**
261.8 £ 22.40**
227.7 £12.50
221.0 £ 33.35"
259.1 £ 53.09*
316.2 £ 37.70*
328.3+17.14
248.7 £ 17.11*
270.8 £ 44.64*
248.1 £ 62.40*

160 mg/kg/d
29.4 +5.13*
50.8 + 18.51**
23.1 £1.51*
36.6 = 14.89**
70.1 £ 37.81*
36.3 £ 8.34**
81.0 £ 25.41**
28.3 £ 5.90*
28.0 £ 8.92**

107.2 £ 17.78* 36.2 + 9.43**
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Linuron

10 mg/kg/d
204.0 + 11.13*
350.7 + 18.87
245.3 £ 20.37
241.7 £ 24 11
313.8 £25.62
362.9£19.17
346.5 £ 19.15
263.6 +11.79
335.3+15.57
310.6 £23.15

Linuron

10 mg/kg/d
63.9 +16.97
196.4 £ 16.19
72.2+15.34
143.7 £ 25.07
152.6 £ 38.13
91.7 £ 21.02**
141.7 + 14.16
80.6 + 10.74**
115.5 £ 26.30*
133.6 + 24.16
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100 mg/kg/d
195.6 + 9.45**
293.1 +21.30**
233.3+21.29
222.2 +15.29*
270.3 + 18.31
331.2+21.55
315.5 +£9.97*
245.7 £ 11.10**
309.5 £ 13.87
292.7 £ 18.07

100 mg/kg/d
43.4 +5.35*
98.9 + 23.33**
36.2 £ 9.51*
66.3 £ 16.50**
126.9 + 41.68**
44.7 £ 11.82*
97.5+11.08*
41.4 £ 5.86**
61.6 + 25.68*
67.8 +24.48*

Flutamide

3 mg/kg/d

201.2 +9.26*
Not done

246.0 £20.24
236.0 £ 19.68
286.6 + 27.21
348.7 £21.09
346.7 £20.13
261.5+12.53
327.4 £ 23.06
313.2+24.15

Flutamide

25.8 + 2.43**
Not done

17.3 £ 4.52**
33.1 £5.95*
55.9 + 35.59**
31.5+4.45*
55.1+7.29*
24.9 £+ 3.64*
28.2 £ 8.94*
39.8 £+ 5.18*

TP

215.7£6.78

338.2 £ 33.38
245.8 £ 19.46
245.3 +14.80
301.1 £ 28.69
349.4 +£23.18
347.0 +18.20
267.4 £ 16.51
331.9+14.28
314.7 £ 20.87

TP

87.1 +10.53

185.5 +67.09
77.7+£20.78

129.2 + 20.89
197.3 £61.31
146.8 + 13.66
145.3 + 25.66
102.4 + 17.56
144.9 + 19.43
159.1 + 31.18
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SVCG

LABC

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

Vehicle

Not done
43.3 +8.41
Not done
Not done
56.5 £ 12.66
72.9+17.80
Not done
23.8 £3.07
475+ 8.36
53.9+524

Vehicle

Not done
121.8 £10.32
Not done

Not done
181.3 £ 34.38
293.1 + 38.26
Not done
119.0 £6.97
217.7 £25.18
193.1 £ 11.30

Nonylphenol
160 mg/kg/d
211.5 +42.67
680.8 £ 96.77
214.8 + 74.87
345.4 + 159.31
468.5 £ 109.96
334.0 + 53.08**
550.6 + 64.85
191.4 £ 40.05
405.9 + 69.84*
437.1 £120.54

Nonylphenol
160 mg/kg/d
342.0 +51.93
454.9 + 28.50
320.1 £96.19
331.6 £ 62.60
567.9 £ 57.04
499.2 + 32.03**
393.1 £16.79
307.8 + 39.96
539.6 + 52.98
460.2 + 84.67

Table 12 (continued) Antagonist data

Dinitrophenol

206.4 £74.32
593.7 £ 192.80
182.2 +12.03
336.4 £61.72
457.3 +43.46
385.3 £ 80.76*
578.0 £54.73
185.7 + 33.54
439.7 + 68.67
411.6 £ 59.71

Dinitrophenol

303.2 £49.68
424.5 +23.87
296.2 £ 35.27
335.0 £28.45
569.4 + 84.62
548.3 £42.15
385.0 £29.70
302.3 £29.37
529.9 £ 32.25
494.4 + 50.12

DDE

16 mg/kg/d
112.7 £ 55.46*
591.9 £ 297.76
180.6 £ 61.40
328.6 +61.13
378.4 £48.27
280.6 + 65.98**
559.8 + 66.36
144.5 + 29.05**
352.5 + 80.28**
323.7 £ 58.97*

DDE

16 mg/kg/d
273.3+72.18
406.5 £ 57.85*
282.2 £61.97
315.9+£31.20
544.5 £ 93.77
395.8 £ 67.47**
400.9 £ 25.76
280.7 £29.74
496.4 £71.55
396.4 + 50.95**
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160 mg/kg/d
41.5 £ 15.55**
68.8 + 27.49**
66.9 + 18.06**
60.1 £ 16.00**
159.7 + 48.70**
103.4 + 36.67**
272.6 £ 51.06™*
355+ 6.22**
77.8 £ 26.35**
73.9 £ 7.95**

160 mg/kg/d

142.4 + 26.12**
112.7 + 16.26**
166.7 = 19.69**
117.2 £42.13*
287.1 £84.19**
304.6 + 34.60**
241.7 £41.02**
125.7 £ 13.39**
218.1 £ 39.58*
165.4 £ 35.48**

Linuron

10 mg/kg/d
136.8 + 57.04
422.7 +73.19
215.8 +53.79
353.6 £ 54.25
447.0 £74.37
252.7 + 55.64**
523.7 £45.90
154.7 £ 32.47*
357.1 £40.27**
317.1 £62.31**

Linuron

10 mg/kg/d
264.9 +40.99
430.3 + 51.71
320.0 £47.48
322.6 £24.16
533.5 £ 89.67
442.9 + 33.88**
390.9 £22.83
302.9 +40.44
532.4 + 56.47
452.4 + 64.24

100 mg/kg/d
58.4 +10.77**
277.6 £94.17**
85.2 £ 19.37**
127.6 + 32.46**
244 .3 + 25.46™*
126.8 + 33.51**
348.1 £42.73*
60.6 + 8.16**
177.7 £ 43.79**
159.6 + 44.96**

100 mg/kg/d

179.0 + 26.14**
252.1 £ 27.12**
183.8 £ 20.16**
199.7 + 30.07**
398.4 £ 53.77*
280.5 + 45.63**
290.0 + 21.06**
155.8 + 21.83**
336.0 £ 46.34**
262.6 +47.80**

Flutamide

33.8 £ 7.54**
Not done
54.6 £ 12.41**
33.1 £ 5.95**
55.9 £ 35.59**
31.5+4.45*
55.1 £ 7.29**
24.9 = 3.64**
28.2 £ 8.94*
39.8 £5.18*

Flutamide

152.4 + 19.16**
Did not run

152.3 £ 16.08**
154.3 + 34.32**
262.2 + 59.86**
296.2 + 27.14**
268.8 + 15.66**
148.3 £ 18.57**
235.9 + 28.96**
221.8 £ 51.49*

TP

178.5 + 39.27
539.7 £ 150.82
198.2 +40.51
358.4 £ 57.06
426.5 +76.58
464.3 + 104.71
567.4 £72.26
194.8 + 38.91
463.2 +70.09
459.7 +97.18

TP

318.3 £27.42
467.4 +43.75
339.1 £42.31
341.3+70.16
543.2 £ 59.40
592.2 £ 53.73
392.6 +35.39
306.2 £ 39.09
575.3 £ 31.81
518.1£74.20



Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

GP

Lab 1
Lab 2
Lab 3
Lab 5
Lab 7
Lab 8
Lab 9
Lab 10
Lab 11
Lab 13

cow

Vehicle

Not done
54.1£10.23
Not done
Not done
53.2+£6.09
52.6 £5.07
Not done
294 +295
49.9 + 2.89
50.9 + 3.81

Vehicle

Not done
4.3+2.02
Not done
Not done
4.7 +£2.13
16.3 £ 2.96
Not done
3.2+1.29
5.7 £0.85
8.3+2.82

Nonylphenol
160 mg/kg/d
70.2 £6.40
92.6 +£8.97
69.2 +11.74
66.3 £ 12.58 °
89.6 £7.80
81.6 +£7.86
111.3 £5.43*
61.9 £ 5.51
75.6 £5.90
86.3+7.94

Nonylphenol
160 mg/kg/d
25.7 £ 6.04
41.1+7.54
16.2 £ 3.75
23.1 £6.20*
42.1 £9.47
36.2 + 3.33"
42.0£3.70
20.1+1.65
28.5+5.61
37.5+11.13

Table 12 (continued) Antagonist data

Dinitrophenol

66.3 +6.49
93.5 +10.06
68.5 +8.11
68.3+7.34°
89.4 +6.85
80.5+7.40
117.3 +5.56
61.2+2.10
752214
89.6 +7.61

Dinitrophenol

21.8+5.79
39.9 + 11.67
15.0+1.76
25.6 +5.52
38.7+7.27
41.1£10.02
43.3+4.51
16.2 + 3.55
31.0£2.59
33.4 £5.30

DDE

16 mg/kg/d
61.7 £ 7.63
80.6 + 5.64
62.0 £ 9.61
58.5+4.74*°
85.4+8.10
69.5 + 4.67**
112.2 £ 6.03*
53.6 + 3.34*
71.7 £2.50
83.9 + 4.29**

DDE

16 mg/kg/d
19.8 +7.55
42.2+4.70
13.312.01
239+4.12
349 +8.55
26.0 £ 5.82**
40.3 £6.03
16.4 + 1.88
30.9 £ 6.46
23.5+5.86**

160 mg/kg/d
449 + 6.87*
59.3 £+ 7.06**
45.8 + 4.57*
a

67.3 £10.11*
59.6 + 5.86**
97.0 £6.21**
32.0 + 3.86**
49.8 + 1.65**
60.2 +7.34*

160 mg/kg/d
9.3 £ 1.58**
12.4 + 2.75*
7.7£411™
7.0+227*
18.8 £ 4.71*
17.6 £ 4.47*
253 +3.77
4.9 +0.83*
10.5 +3.78*
9.3 +2.54*

Many animals in this lab did not undergo preputial separation, so glans penis was not dissected or weighed

Pairwise t-test comparisons:

Pik: 5 <0.01; *: p < 0.05.

43

Linuron

10 mg/kg/d
61.1+4.22
89.5+12.00
67.6 £ 8.86
67.1+8.80°%
89.2 +4.46
73.2+4.74
116.5+£5.94
64.5+£6.09
73.0+£3.29
90.2 +6.10

Linuron

10 mg/kg/d
21.6 +4.45
48.5+7.18
16.6 £ 2.64
24.6 £542
32.7£6.29
31.0£5.78**
40.3£0.98
18.1 £ 3.30
25.7 £6.21
34.8+6.73
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100 mg/kg/d

57.2 +5.48*

76.1 £ 7.29**
56.5 + 4.02**
a

87.7 +4.52
61.4 £ 2.50**
106.6 + 3.86**
41.7 £ 6.39**
63.9+6.22
73.2+10.01*

100 mg/kg/d
12.8 £ 1.23**
25.6 + 6.30*
10.4 £ 1.52**
12.3 £2.29**
22.2 £2.33*
18.4 + 3.92**
29.5 + 3.57

8.3 +1.85*

22.9+9.05

20.9 + 4.60**

Flutamide

47.2 £ 9.26**
Did not run
46.9 + 6.36**
a

73.5 + 8.96*
57.2 +5.79*
94.8 £ 3.94**
30.3 +4.21*
49.7 + 2.01**
60.8 + 3.36™

Flutamide

9.3 £+ 2.96**
Did not run
5.8 £ 0.69**
6.0 £ 1.76**
11.1£5.77*
12.8 £ 1.80*
20.1 £3.03
4.7 £1.26*
10.4 + 3.39*
12.0 £ 3.80**

TP

68.0 + 10.00
92.2 +14.89
71.3+12.60
75.0+6.97°
84.4 +5.08
80.0 +6.29
119.1+£5.13
60.9 +5.29
73.0 £ 3.66
93.5+4.59

TP

21.7+2.89
40.1 £17.73
15.5+3.71
20.8+0.24
35.2+5.80
43.8+7.88
39.8 + 4.81
18.4 +4.62
33.0+5.35
35.6 +6.51
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58. Testing for androgen antagonist effects always leads to an interaction of 2 substances, namely the
reference androgen agonist (TP) and the test substance. Therefore, changes in body weight or optional
organ weight by test substances may be related either to the vehicle or the reference androgen control
group. Both of these relationships are of minor biological significance in respect to the overall objective of
this Phase-3 validation for identification of androgen antagonistic effects. Therefore a statistical analysis of
body and optional organ weights for the TP reference groups was considered meaningless and not
conducted.

p-Nonylphenol branched (NP)

59. NP at a dose level of 160 mg/kg/d did not lead to an effect on any of the target organ weights in 5
of the 10 participating laboratories (laboratories 1, 2, 3, 7 and 13). Some of the laboratories reported a
statistically significant decrease of target organs for this anticipated negative reference chemical as might
have been expected for an anti-androgenic response:

- Laboratory 5: There was a statistically significant decrease in the weight of COW, but it was
numerically far less pronounced than the effects observed with DDE (160 mg/kg/d), LIN (100
mg/kg/d) or FLU.

- Laboratory 8: 3 of the 5 target organs showed a statistically significant decrease (SVGC, LABC
and COW). Again, these effects were numerically much less pronounced than after
administration of DDE (160 mg/kg/d), LIN (100 mg/kg/d) or FLU.

- Laboratory 9 reported a statistically significant decrease for 1 of the 5 target organ weights (GP).
This decrease was numerically in the same range as after treatment with LIN (100 mg/kg/d), but
clearly less than after treatment with DDE (160 mg/kg/d) or FLU. This laboratory reported by far
the highest GP weight for the reference androgen treatment group with TP. This may indicate
some problems with the dissection procedure of GP as compared to the other laboratories.

- Laboratory 10 reported a statistically significant decrease in 1 of the 5 target organs investigated
(VP). Again, this decrease was numerically much less pronounced than after treatment with DDE
(160 mg/kg/d), LIN (100 mg/kg/d) or FLU.

- Laboratory 11 reported a statistically significant decrease in 1 of the 5 target organ weights
(SVGC). Again, this decrease was numerically much less pronounced than after treatment with
DDE (160 mg/kg/d), LIN (100 mg/kg/d) or FLU.

60. Overall, 1 of the 10 laboratories found a statistically significant organ weight decrease in several
of the target organs investigated (laboratory 8). For the other laboratories either none or at most 1 of the
target organ weights showed a decrease that might have been interpreted as an androgen antagonistic
effect. Of these latter laboratories one might have had some problems with the dissection procedure for GP
(laboratory 9). In total, there is a dataset of 49 determinations of target organ weights and of these only 7
(i.e. 14%) gave an indication for a possible antiandrogenic effect for this negative reference chemical.

61. In conclusion, these data show that the interpretation of the test results with regard to a possible
anti-androgenic effect should not rely on only one of the target organs but should take into account the
whole dataset.

2,4-Dinitrophenol (DNP)

62. DNP at a dose level of 10 mg/kg/d did not lead to an effect for any of the target organ weights in
7 of the 10 participating laboratories (laboratories 1,2,3,5,7,11,13).
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Since in laboratory 5 many animals did not undergo preputial separation, the glans penis could
not be dissected or weighed in this laboratory and will not be considered by the statistical analysis.
Laboratories 8, 9, and 10 reported the following statistically significant changes of target organ weights in
relation to the androgen agonist treatment group (TP):

- Laboratory 9: There was a statistically significant weight increase for VP. Such a weight increase
in conjunction with TP treatment is biologically not meaningful and should be regarded as a
spurious finding.

- Laboratory 8 reported a statistically significant weight decrease for VP and SVCG. In both of
these cases, the weight decrease was numerically much less pronounced than after treatment with
DDE (160 mg/kg/d), LIN (100mg/kg/d) or FLU.

- Laboratory 10 found a statistically significant decrease of VP weight. Again, the weight decrease
was numerically much less pronounced than after treatment with DDE (160 mg/kg/d), LIN
(100mg/kg/d) or FLU.

63. In summary, laboratory 9 reported a spurious weight increase of VP, laboratory 10 a decrease in
1/5 target organ weights (VP), laboratory 8 a decrease in 2/5 target organ weights (VP and SVGC), while
the remaining 7 laboratories did not find any effect on the target organ weights as was expected for this
negative reference chemical. In total, only 3 of 49 target organ weights investigated (6%) showed a
decrease.

64. In conclusion, these data show that the interpretation of the test results with regard to a possible
anti-androgenic effect should not rely on only 1 of the target organs but should take into account the whole
dataset.

p.p’-DDE (DDE) 16 mg/kg/d

65. The low dose of DDE (16 mg/kg/d) used in the Phase-3 studies was in between two of the dose
levels of Phase-2, namely 10 and 30 mg/kg/d, when using a TP reference dose of 0.2 mg/kg/d and
corresponded to one of the DDE dose levels with 0.4 mg/kg/d of TP. In the test series with 0.2 mg/kg/d of
TP in Phase-2 there was no statistically significant decrease in target organ weights after dosing with 10
mg/kg/d as compared to the androgen reference group treated with TP. On the other hand, with 30 mg/kg/d
4 of the 5 participating laboratories reported an androgen antagonistic effect in some of the target organs
(Laboratory 14 did not find any significant weight increase for the target organs after application of 30
mg/kg/d of DDE). In the test series with 0.4 mg/kg/d of TP none of the target organs showed an anti-
androgenic response in any of the participating laboratories in Phase-2 with 16 mg/kg/d of DDE.
Therefore, for Phase-3 the expectation was that 16 mg/kg/d should either still be in the range of the no
effect level or just at the beginning of the ascending dose-response curve for anti-androgenicity.

66. After 16 mg/kg/d of DDE in Phase-3 some laboratories reported for some of the target tissues a
significant weight decrease as compared to the TP androgen agonist reference group.

- For VP 4/10 laboratories reported a statistically significant anti-androgenic effect (Laboratories 7,
8, 10 and 13).

- For SVCG 5/10 laboratories reported a statistically significant anti-androgenic effect
(Laboratories 1, 8, 10, 11, and 13).

- For LABC 3/10 laboratories reported a statistically significant anti-androgenic effect
(Laboratories 2, 8, and 13)
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- For GP 4/9 of the evaluated laboratories reported a statistically significant anti-androgenic effect
(Laboratories 8, 9, 10, and 13). Laboratory 5 was not included in this evaluation because of
problems with dissecting the glans penis.

- For COW 2/10 of the laboratories reported a statistically significant anti-androgenic effect
(Laboratories 8 and 13).

In all cases, the target organ weight decrease as related to the TP androgen agonist reference
group was numerically clearly less pronounced than the weight decrease observed after application of the
high DDE-dose (160 mg/kg/d).

In total, with the low dose of DDE, 2 laboratories found an androgen antagonistic effect in all 5
target organs, 1 laboratory in 3 target organs, 5 laboratories in 1 target organ, and 2 laboratories in none of
the target organs.

67. In conclusion, the application of 16 mg/kg/d DDE in conjunction with TP at a dose level of 0.2 or
0.4 mg/kg/d led to a decrease in target organ weights in 18/49 (37%) of the investigated target organs. This
indicates that 16 mg/kg/d DDE led to variable effects and that this dose level was just at the beginning of
the androgen antagonist dose-response curve.

68. Three laboratories tested DDE at the same dose levels in Phase-2 as well as in Phase-3 using TP
as a reference dose of 0.4 mg/kg/d. 16 mg/kg/d of DDE did not lead to weight decrease in any of the target
organs for all 3 laboratories in Phase-2. In contrast, in Phase-3 one of the participating laboratories
(laboratory 8) reported a statistically significant weight decrease for all target organs. This indicates that
for some unknown reason the sensitivity of laboratory 8 for detecting the androgen antagonistic activity of
the low dose of DDE had increased. This should be seen in conjunction with the fact that the low dose of
DDE was already at the ascending part of the dose-response curve. The other 2 laboratories (3 and 9)
reported only for 1 of the 10 target organs (10%) a significant weight decrease in comparison to the TP
reference group.

69. Two laboratories (10 and 11) tested DDE in Phase-2 as well as in Phase-3 with an androgen
agonist reference dose of 0.2 mg/kg/d. The dose levels selected were different for both phases. The low
dose level of 16 mg/kg/d in Phase-3 was in between the dose levels of 10 and 30 mg/kg/d of Phase-2. 10
mg/kg/d in Phase-2 did not show any indication for an androgen antagonistic effect in Phase-2, while 30
mg/kg/d showed an antagonistic response for VP, SVCG, and COW in laboratory 10 and for VP, SVCQG,
and LABC for laboratory 11. The organ weights in Phase-3 testing at 16 mg/kg/d showed a significant
anti-androgenic effect for VP, SVCG, and GP in laboratory 10 and for SVCG in laboratory 11, i.e. 40% of
the target organs showed an androgen antagonistic response at the low dose level. Under consideration of
the different dose levels tested in Phase-2 and-3 there is only 1 target organ weight in Phase-3 that was in
clear disagreement to the results obtained in Phase-2, namely the significant weight decrease of GP in
laboratory 10. A weight decrease for GP was not observed at 30 mg/kg/d in both participating laboratories.
As in Phase-2 a higher dose level was tested as compared to Phase-3 it is well to be expected that in Phase-
2 more target organs showed a treatment related weight decrease, i.e. LABC and COW. Overall there only
is one clear disagreement for 1 of 10 organ weights (10%) when considering the results obtained after the
three dose levels mentioned above.

p,p’-DDE (DDE) 160 mg/kg/d
70. In Phase-2 all 5 participating laboratories reported statistically significant anti-androgenic effects

for all of the 5 target tissues using 100 mg/kg/d pp’-DDE. Therefore, at the dose level of 160 mg/kg/d in
Phase-3 a clear anti-androgenic effect was expected, too.
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71. This expectation was clearly fulfilled: only laboratory 9 did not find a statistically significant
decrease of COW in comparison to the TP reference group. Interestingly, this laboratory did not find a
COW weight decrease after treatment neither with the high LIN dose nor with FLU (see below) indicating
that this laboratory may have had some problems in dissecting this target organ.

72. All other laboratories reported a significant organ weight decrease for all target organs after
treatment with 160 mg/kg/d DDE in comparison to the TP reference group. In total, a significant anti-
androgenic effect was demonstrated for 48/49 (98%) of the target organs investigated.

73. Three laboratories tested the high dose of DDE (160 mg/kg/d) in Phase-2 as well as in Phase-3
using a TP reference dose of 0.4 mg/kg/d. In both phases all 3 laboratories reported a statistically
significant weight decrease for all 5 target organs investigated. Thus, there was a 100% concordance.

74. The high dose levels of DDE used in Phase-2 (100 mg/kg/d) and Phase-3 (160 mg/kg/d) were
different when using a TP reference dose of 0.2 mg/kg/d. Two laboratories participated in both phases and
both of them recorded significant weight decreases for all target organs. When the results obtained for the
different dose levels of 100 and 160 mg/kg/d are compared to each other, there is a 100% concordance
with regard to the androgen antagonistic target organ effects.

Linuron (LIN) 10 mg/kg/d

75. In Phase-2 testing, 10 mg/kg/d LIN did not lead to a statistically significant target organ weight
decrease as compared to the reference TP group in any of the target organs of all of the participating 4
laboratories. Thus, for the Phase-3 testing at the same dose no or at most a first indication for an anti-
androgenic effect was to be expected.

76. In fact, this expectation was substantiated by the results of the Phase-3 validation testing for the
majority of the target organs investigated:

- For VP only 3/10 of the laboratories found a statistically significant anti-androgenic effect
(Laboratories 8, 10, and 11).

- For SVCG 4/10 of the participating laboratories found a statistically significant anti-androgenic
effect (Laboratories 8, 10, 11, and 13).

- For LABC 1/10 laboratory found a statistically significant anti-androgenic effect (Laboratory 8).

- For GP none of the 9 evaluated laboratories found a statistically significant anti-androgenic
effect.

- For COW 1/10 of the participating laboratories found a statistically significant anti-androgenic
effect (laboratory 8).

It should be noted, that laboratory 8 was always among those (or was the only one) that found a
statistically significant anti-androgenic effect. This may indicate that the test conditions of this laboratory
had an exceptional high sensitivity for the detection of an anti-androgenic effect at the beginning of the
dose response curve.

77. The statistically significant weight decreases in the target organs mentioned above were
numerically always far less pronounced than those observed after the high dose of LIN (100 mg/kg/d).
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78. In total, 9/49 (18 %) of all target organs investigated by all laboratories showed a statistically
significant anti-androgenic effect. Therefore, a dose level of 10 mg/kg/d of LIN is at the beginning of the
anti-androgenic dose-response curve, leading to such an effect only in some cases.

79. Two laboratories (1 and 5) tested the low dose of Linuron (10 mg/kg/d) in Phase-2 as well as in
Phase-3. Laboratory 5 had problems with dissection of GP due to sometimes incomplete preputial
separation, thus the results for GP will not be taken into consideration here. The remaining 9 target organs
in both laboratories did not show an anti-androgenic weight decrease. Therefore, overall the concordance is
100%.

Linuron (LIN) 100 mg/kg/d

80. In Phase-2 testing, 3/4 of the participating laboratories reported a statistically significant anti-
androgenic effect after treatment with 100 mg/kg/d LIN in all target organs (Note: the GP weight of
laboratory 5 was excluded from this evaluation because many animals had not undergone preputial
separation). One laboratory (laboratory 6) found a statistically significant weight decrease after LIN
treatment in conjunction with TP administration for only 1 target organ (SVCG). Thus, it was to be
expected for phase 3 that 100 mg/kg/d LIN should lead to an anti-androgenic effect in most instances.

81. This expectation was substantiated by the data obtained. Six of the 10 participating laboratories
found a significant anti-androgenic effect for all 5 target organs, 3 laboratories for 4 target organs and 1
laboratory reported the anticipated weight decrease only for 3 target organs. All of the participants
correctly identified the antiandrogenic response in VP, SVCG and LABC.

- For GP, 2/9 of the evaluated laboratories did not find a significant weight decrease as compared
to the GP control group: laboratory 7 even reported a slight numerical weight increase for GP
indicating to a specific problem with the dissection procedures. The weight decrease of
laboratory 11 did not attain statistical significance, but was numerically clearly lower than the GP
weight of the TP reference group.

- For COW 2/10 of the participating laboratories did not find statistically significant androgenic
effects. As mentioned above, laboratory 9 could not demonstrate an anti-androgenic effect neither
with DDE (160 mg/kg/d) nor with FLU (3 mg/kg/d), indicating to some specific problems with
this target organ in this laboratory. For laboratory 11 there was a numerical weight decrease of
COW after high dose treatment with LIN, but this decrease did not attain statistical significance
as compared to the TP control group.

82. In total, only 4/49 (8%) of the target organs investigated by all participating laboratories did not
show a statistically significant anti-androgenic effect. Thus, the expectation is clearly fulfilled that LIN at a
dose level of 100 mg/kg/d will act as an androgen antagonist.

83. The high dose of Linuron (100 mg/kg/d) was tested by 2 laboratories (1 and 5) both in Phase-2
and Phase-3. As laboratory 5 had problems with dissecting GP due to incomplete preputial separation, this
target organ will not be considered here. The remaining 9 target organs in both of the laboratories all
showed a statistically significant weight decrease in line with the anti-androgenicity at this LIN dose level.
Thus, overall there is a 100% concordance.

Flutamide (FLU) 3 mg/kg/d
84. In Phase-1B of the validation exercise all participating laboratories found a significant decrease

of target organ weights after treatment with FLU (3 mg/kg/d) in comparison to the reference group treated
with 0.2 or 0.4 mg/kg/d TP. Thus, it was to be expected that this dose level should lead to a clear androgen

48



ENV/IM/MONO(2007)20

agonist effect in all participating laboratories. In Phase-3, 9 laboratories used FLU as a reference androgen
antagonist. Lab 2 did not participate with FLU and again the data of Lab 5 for GP were excluded from
statistical analysis because of incomplete preputial separation.

85. In Phase-3 testing for androgen antagonistic effects, all 9 participating laboratories reported
statistically significant decreases for 4 target organs (VP, SVCG, LABC, and GP) in relation to the TP
agonist reference group. For COW only laboratory 9 could not find such a decrease in organ weight. As
already mentioned above, COW weights in this laboratory were not significantly decreased with all of the
anticipated androgen antagonists, namely DDE at 160 mg/kg/d and LIN at 100 mg/kg/d. This is a strong
indication for some specific problems with this target organ in this laboratory.

86. In total, only 1/44 (2%) of the target organ weights did not come up with a statistically significant
weight increase. Thus, the overall expectation was clearly fulfilled that FLU (3 mg/kg/d) acts as an
androgen antagonist.

87. FLU at a dose level of 3 mg/kg/d was tested by 3 laboratories (5, 10 and 13) both in Phase-1B
and -3. Due to dissection problems for GP in laboratory 5 this target organ will not be taken into
consideration here. All the other target organs (in total 14 from 3 participating laboratories) showed an
androgen antagonistic response in Phase-1B and Phase-3. Therefore, the overall concordance is 100%.

Testosterone Propionate (TP) as an androgen agonist at 0.2 and 0.4 mg/kg/d

88. TP was used as reference agonist at a dose level of 0.4 mg/kg/d (Laboratories 1-9) and 0.2
mg/kg/d (Laboratories 10-13). This offers the possibility to again compare the target organ weight
increases caused by TP in comparison to the vehicle control group. Weight determinations for the vehicle
control group was optional and not carried out by laboratories 1, 3, 5 and 9. In addition, the TP test
materials were not supplied in a coded manner. Therefore, a statistical comparison of the organ weights
after TP treatment in relation to the vehicle control groups was not done.

89. When comparing the target organ weights of the vehicle control groups and the TP treatment
groups, there was always a massive numerical increase that clearly substantiated the androgen agonistic
effect of TP, although a detailed statistical analysis was not done. This increase in comparison to the
vehicle control group was found by the 3 laboratories using 0.4 mg/kg/d of TP (Laboratories 2, 7 and 8) as
well as for the lower dose level of 0.2 mg/kg/d (Laboratories 10, 11, and 13). Thus, an androgen agonist
activity of TP again was clearly demonstrated.

Androgen antagonist data; overall analysis (cf. annex 4 of Lead Laboratory)

90. One of the objectives of the inter-laboratory Phase-3 study was to demonstrate that the 10
participating laboratories could get the “correct” responses for all the chemicals on all androgen-dependent
tissues. LIN was administered at 2 dose levels of 10 and 100 mg/kg/d that had also been used in Phase-2
testing. The dose levels of DDE in Phase-3 (16 and 160 mg/kg/d) only corresponded to those of Phase-2
when using a TP androgen reference dose of 0.4 mg/kg/d, while with a TP dose of 0.2 mg/kg/d, 3, 10, 30,
and 100 mg/kg/d of DDE were tested in Phase-2. But nevertheless from the data obtained during Phase-2
there were clear expectations for the target organ weights of Phase-3 for the androgen antagonist test
chemicals:

- No or only occasional target organ weight decreases with DDE at 16 mg/kg/d
- Clear target organ weight decreases with DDE at 160 mg/kg/d

- Small or only occasional target organ weight decreases with LIN at 10 mg/kg/d
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- Clear target organ weight decreases with LIN at 100 mg/kg/d
- Clear target organ weight decreases with FLU at 3 mg /kg/d

91. When all the effects of the androgen-dependent treatment groups on 7 endpoints (the 5 target
tissue weights and in addition body and liver weights) were correlated with the effects seen previously in
Phase-1 or Phase-2 studies, a highly significant positive correlation was found with a correlation
coefficient of r = 0.975. A graph depicting these observed versus expected effects in Phase-3 is given in the
report of the Lead Laboratory (Annex 4). The expected and observed effects were calculated as % of the
concurrent control values with the TP 0.4 mg/kg/d group as control (7 laboratories using 0.4 mg TP/kg/d).
FLU predictions were from Phase-1B (from 5 laboratories using TP at 0.4 mg/kg/d) and LIN and DDE
were derived from Phase-2 (from 4 laboratories using TP at 0.4 mg/kg/d).

92. Pooling the data obtained for the 5 androgen-dependent tissues determined in 10 laboratories,
then FLU at 100 mg/kg/d and DDE at 160 mg/kg/d each yielded 96% positive hits (2 % of the misses for
these 2 chemicals arose because 1 laboratory could not measure glans penis weight because the prepuce
had not separated). Administration of LIN (100 mg/kg/d) produced 90 % positive responses. The low doses
of DDE and LIN produced approximately 40 % and 18 % positive responses. Based upon the earlier
validation studies it was not expected that the low doses of either of these chemicals would produce
consistent positive responses. In fact, the low doses of these 2 test chemicals were more potent as anti-
androgens in Phase-3 as compared to the Phase-2 results. DNP und NP were used as putative negative
reference chemicals and they yielded only 8 % and 14 % positive responses on the androgen-dependent
tissues.

93. Table 13 gives the results obtained after pooling the target tissue weights separately of the
laboratories 1-9 using an androgen agonist reference dose of 0.4 mg TP/kg/d and those with a reference
dose of 0.2 mg TP/kg/d (laboratories 10-13). With FLU and the high doses of DDE and LIN, a highly
significant target organ weight decrease (p < 0.01) was observed in all cases. In addition, there was a
significant weight decrease for the low dose of DDE for VP, LABC, GP and COW after treatment with 0.4
mg TP/kg/d and for VP and SVCG after treatment with 0.2 mg TP /kg/d demonstrating that 16 mg/kg/d
DDE was already at the ascending part of the dose-response curve. Similarly, the low dose of LIN (10
mg/kg/d) showed a significant (p < 0.01) target organ weight decrease for VP, SVCG, and LABC after
treatment with 0.4 mg TP/kg/d and for VP and SVCG for the androgen agonist reference dose of 0.2 mg
TP/kg/d. NP as a negative reference chemical did not lead to a decreased weight of any of the target organs
regardless whether a pre-treatment with 0.2 or 0.4 mg TP/kg/d was used (not even at a level of p < 0.05,
data not given in the table). The same was true for the other negative reference chemical (DNP) with the
exception that the VP weight was significantly decreased after pre-treatment with 0.2 mg TP/kg/d. This
latter finding may be regarded as spurious as only 3 laboratories were using this TP dose level.
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Table 13. Hershberger antagonist data; means and Standard Errors (SEs) of target tissue weights of all
participating laboratories

Labs 1-9 | VP SVCG LABC GP cow

Mean | SE | Mean | SE Mean | SE Mean | SE Mean SE
TP 0.4 138 85 |[390 25 427 17 84.5 2.9 32.3 2
DDE 16 117 | 7.2 | 347 32 374** | 16 76.6* | 3 28.6** 1.8
DDE 160 | 49.3** 148 | 119* |15 202** | 15 65** 3.6 14.8** 1.3
DNP 10 137 8.8 | 391 27 409 17 83.3 2.9 32.2 1.9
FLU 3 36.4* |34 |87 10 214** 112 64** 3.6 10.8** | 0.94
LIN 10 123** | 7.7 | 336 | 22 386** | 15 81 3 30.8 1.8
LIN 100 73.4* |58 |181* |17 254** 112 74.2* 3.2 18.8** 1.2
NP 160 131 6.7 | 401 29 416 16 8297 |27 32.3 1.8
OlL 25.8 34 | 576 |42 199 184 |53.3 1.7 8.4 1.5
Labs 10-13 | VP SVCG LABC GP cow

Mean | SE | Mean | SE Mean | SE Mean | SE Mean | SE
TP 0.2 135 8 378 35 440 37 74 3.9 27.5 2.2
DDE 16 103** |8 270* | 27 382 24 70 3.3 23.4 1.9
DDE 160 304* |22 |856* |6.7 163** | 12.8 | 45.2* |35 7.8 109
DNP 10 116** | 7.5 | 346 30 442 26 75.3 3 26.9 2
FLU 3 31+ 21 |56.8* |54 202** | 12.2 | 46.9* | 31 9** 1
LIN 10 110 |71 | 276 | 24 429 26 75.9 2.8 26.2 21
LIN 100 56.9** | 54 |133** | 149 |251** |20 59.6* | 3.6 17.3* | 21
NP 160 120 8 345 32 436 27 74.6 2.8 26.7 24
OIL 17.6 09 |[41.8 34 177 10.8 | 434 25 5.7 0.6
** 5<0.001
94. Analysis of variance for the 5 androgen-dependent tissues revealed that the magnitude of effect

of the chemicals and the laboratory-to-laboratory variability in Phase-3 were all statistically highly
significant. Importantly, the chemical effects were fairly consistent from laboratory-to-laboratory as
indicated by the relatively small F-values for the chemical by laboratory interaction as compared to the size
of the two main effects (table 14). When the analysis was conducted separately for the two groups of
laboratories that used either TP at 0.4 mg/kg/d (7 laboratories) or 0.2 mg/kg/d (3 laboratories), both
protocols yielded similar results.

There were significant laboratory effects in each ANOVA. This was expected and also seen in
Phase-1 and Phase-2 of the validation studies. These effects arise because the laboratories used different rat
strains, but even within the same strain the animal body and organ weights would be expected to vary.
Such a laboratory effect per se is not problematic, whereas a large laboratory by treatment interaction
would be because this would indicate chemicals were not acting similarly in all laboratories. Although the
F-values for the interaction were small in comparison to the two main effects, the interaction effect is still
statistically significant. This could lead to different conclusions in the case of small effects of a substance
depending on the laboratory.
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Table 14. Hershberger antagonist data; results of ANOVAs for laboratory interaction and laboratory by
treatment interaction

Body Labs 1-9 Labs 10--13
weight Effect df F p-value df F p-value
LAB 6 355 0.0001 2 104 0.0001
Chemical 7 16 0.0001 7 9 0.0001
Interaction 41 1.4 NS 14 1.1 NS
SVCG Labs 1-9 Labs 10- 13
Effect df F p-value df F p-value
LAB 6 133 0.0001 2 158 0.0001
Chemical 7 100 0.0001 7 95 0.0001
Interaction 41 3.6 0.0001 14 5.5 0.0001
LABC Labs 1-9 Labs 10, 11-13
Effect df F p-value df F p-value
LAB 6 146 0.0001 2 109 0.0001
Chemical 7 151 0.0001 7 54 0.0001
Interaction 41 3.5 0.0001 14 2 0.03
VP Labs 1-9 Labs 10, 11-13
Effect df F p-value df F p-value
LAB 6 9 0.0001 2 50 0.0001
Chemical 7 85 0.0001 7 67 0.0001
Interaction 41 24 0.0001 14 2 0.02
GP Labs 1-9 Labs 10-13
Effect df F p-value df F p-value
LAB 6 235 0.0001 2 295 0.0001
Chemical 7 49 0.0001 7 73 0.0001
Interaction 38 1.1 NS 14 1.8 0.05
cow Labs 1-9 Labs 10-13
Effect df F p-value df F p-value
LAB 6 111 0.0001 2 82 0.0001
Chemical 7 83 0.0001 7 40 0.0001
Interaction 41 2.8 0.0001 14 3 0.002
95. In table 15 the CVs and the R-square values are summarized over the laboratories for the target

organs. Thereby the R-square values and the CVs can be compared from laboratory-to-laboratory. The size
of the R-square value describes the strength of association of the chemical effects versus TP control and
the CV describes the precision (variability) of the data. If all the laboratories had the same CV on an
endpoint then this would indicate that they were all dissecting the tissues with similar precision. A high CV
in 1 laboratory versus the other laboratories might indicate a problem. However, all CVs seemed to be
within a reasonable range, indicating that the dissection had been consistent. If the chemical treatments all
had the same magnitude of response in each laboratory then the R-square values were to be similar among
laboratories, given that the variances were not markedly different. Indeed, there was only one laboratory in
which this was not the case: In laboratory 5 the R-square value for the effect of chemical treatments on GP
was lower than for the other 9 laboratories. This arose because laboratory 5 was unable to obtain GP
weights with some of the animals treated with the potent anti-androgens biasing the means as the most-
affected animals could not be measured. In fact, for the FLU group in this laboratory, no GP weight data
are available. Hence, this low R-square value arises from the incomplete nature of their data set for GP
weight.
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Table 15. Hershberger antagonist data; pooled R-square values and CVs by laboratory and target organ

VP Lab 1 Lab 2 Lab 3 Lab 5 Lab 7 Lab 8 Lab 9 Lab 10 Lab 11 Lab 13 Mean(CV)
R2 71 68 68 83 56 90 85 86 80 81
cv 31 23 30 22 33 17 14 18 25 22 23.5
SVCG
R2 73 61 71 80 85 84 89 87 89 83
cv 36 34 29 29 19 24 12 22 19 24 24.8
LABC
R2 77 91 70 82 75 89 86 88 70 83
CcVv 17 10 19 16 16 10 8 13 21 16 14.6
GP
R2 63 57 55 27 58 75 76 90 74 80
CcVv 12 12 15 13 9 8 5 9 9 8 10
cow
R2 65 58 71 77 73 80 83 86 65 75
CcVv 26 26 20 26 22 21 12 20 26 24 22.3
96. In summary, the overall analysis as given in Annex 4 of the results of Phase-3 of the Hershberger Bioassay inter-laboratory study using

coded samples of known dosage levels of antagonists or negatives produced appropriate and consistent responses among all laboratories. None of
the known positives were undetected in any laboratory. Only a few “false” positive responses were seen with the “known” (or suspected) negative

reference chemicals.
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DISCUSSION

97. The need to validate test methods for the detection of chemicals interfering with the endocrine
system arises from the concerns that ambient levels of natural and industrial chemicals may interact with
the endocrine system and as a consequence possibly elicit reproductive, developmental, and other adverse
effects in humans and wildlife. The Hershberger Bioassay is a leading candidate for a level 3 in vivo
screening assay of the OECD Conceptual Framework (4) to identify potential androgens and
antiandrogens. It is rapid and efficient and there is strong evidence for its sensitivity and specificity from
the literature.

98. The objective for the Hershberger Bioassay validation programme is to validate a test protocol in
order to support the development of a Test Guideline for the detection of chemicals having the potential to
act as androgen agonists or antagonists in rats. In the preceding validation Phase-1 a protocol was
developed for identification of androgen agonists and antagonists by using Testosterone Propionate and
Flutamide as potent reference chemicals. In Phase-2 the protocol developed during Phase-1 was used to
test two further androgen agonists (17a-Methyl-testosterone and Trenbolone), four androgen antagonists
weaker than Flutamide (Procymidone, Vinclozolin, Linuron, and p,p’-DDT) and a potent Sa-reductase
inhibitor (Finasteride). The test materials were supplied uncoded at pre-selected dose levels to obtain a
dose-response curve by the participating laboratories.

99. The Phase-2 validation program successfully achieved the goal of demonstrating the
reproducibility of the protocol for detecting the weaker androgen agonists and antagonists as well as the
Sa-reductase inhibitor.

100. After successful completion of the Phase-2 validation testing the Phase-3 validation was initiated.
Coded substances were tested at one or two predetermined dose levels to exclude possible investigator
bias. The same dose levels were used by all participants to further substantiate inter-laboratory
reproducibility. The dose levels for the agonists and antagonists had already been used in the previous
Phase-1 and Phase-2 test series or were derived from the Phase-2 results (DDE). In addition, two chemicals
anticipated to act neither as an androgen agonist nor as an androgen antagonist were added to give an
indication for the specificity of the Hershberger Bioassay.

101. In Phase 3, the androgen agonists were Testosterone propionate and Trenbolone. The test
chemical used as a reference androgen agonist was Testosterone propionate, which was co-administered
with a suspected antagonist. The androgen antagonists were Linuron at 2 dose levels (10 and 100 mg/kg/d),
p,p’-DDE at 2 dose levels (16 and 160 mg/kg/d) and Flutamide (3 mg/kg/d). For negative reference
chemicals 4-Nonylphenol (mixed isomers) and 2,4-Dinitrophenol were used at dose levels anticipated to
approach the maximally tolerable dose (MTD).

102. The overall goal of the Phase-3 validation study was to further assess the robustness and
reproducibility of the Hershberger Bioassay in a blinded manner. The specific goals were to

- further demonstrate the reliability and relevance of the Bioassay in response to coded positive
and negative substances without investigator bias,

- further evaluate the inter- and intra-laboratory reproducibility of the protocols for identifying
androgen agonists and antagonists,
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- demonstrate the reproducibility of the Bioassay over time by comparing the data of Phase-3 to
that generated in Phase-1 and Phase-2,

- develop data to substantiate the specificity of the protocols both for identifying androgen agonists
and antagonists by coded testing of negative reference chemicals

- evaluate the reproducibility of weight changes and relative effectiveness of the 5 target organs

- and thereby support a recommendation of the development of an OECD Test Guideline for the
Hershberger Bioassay.

103. The laboratories participating in Phase-3 had already participated in Phase-1 and -2 thereby
enabling a comparison with the data obtained in the previous independent test series.

104. After finalization of an OECD Test Guideline the Hershberger Bioassay should be widely used in
many OECD member countries. Therefore the protocol has to allow for variations in a number of study
conditions like the choice of the rat strain, the laboratory diet, housing and husbandry practices such as the
use of cage bedding. In addition possible strain differences in the onset of puberty have to be taken into
account and the age of castration and the time period of target organ regression after castration have to be
kept flexible.

105. Based on the previous Phase-1 and -2 data the following results were expected for the Phase-3
coded validation study:

a) agonist test protocol:
- TP (0.4 and 0.2 mg/kg/d): statistically significant increase of target organ weights
- TREN (40 mg/kg/d): statistically significant increase of target organ weights
- TREN (1.5 mg/kg/d): no or no consistent increase of target organ weights
- NP (160 mg /kg/d): no increase of target organ weights
- DNP (10 mg/kg/d): no increase of target organ weights

as compared to the vehicle control group.
b) antagonist test protocol:
- FLU (3 mg /kg/d): statistically significant decrease of target organ weights
- LIN (100 mg/kg/d): statistically significant decrease of target organ weights
- LIN (10 mg/kg/d): no or no consistent effect on target organ weights
- DDE (160 mg/kg/d): statistically significant decrease of target organ weights
- DDE (16 mg/kg/d): no or no consistent effect on target organ weights

- NP (160 mg/kg/d): no effect on target organ weights
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- DNP (10 mg/kg/d): no effect on target organ weights
as compared to the control group given TP as reference androgen agonist.

106. For statistical analysis the means, standard errors, standard deviations ad CVs were calculated for
each endpoint. In addition, the R-square values for different effects were calculated to give an indication of
the strength of the association for an effect with an endpoint and to compare the robustness of the effect
across endpoints, the variation from laboratory-to-laboratory, or to what degree the dose-responses vary
among laboratories.

107. In the following the results of Phase-3 testing will be discussed in relation to the specific goals as
mentioned above.

Identification of coded positive and negative substances without investigator bias

108. For the agonist test protocol coded samples were tested at defined dose levels. DNP (10 mg/kg/d)
and NP (160 mg/kg/d) were used as negative reference chemicals. None of the 5 target tissues showed a
weight increase as would have been expected for an androgen agonist, thereby substantiating the
specificity of this test protocol.

109. For TREN a dose level of 1.5 mg/kg/d was not expected to lead to any appreciable androgen
agonistic action; again the data showed no target organ weight increases apart from 2 laboratories reporting
an androgen agonist action on LABC. In contrast, 40 mg/kg/d of TREN led to the expected target organ
weight increases apart from VP and COW in 1 laboratory and GP in another one. Overall the expectations
from the results of Phase-2 were fulfilled, i.e. no androgenic activity after application of 1.5 mg/kg/d
TREN and a clear androgenic response after 40 mg/kg/d.

110. Similarly for the androgen antagonist test protocol the coded test chemicals led to the expected
results: After administration of NP (160 mg/kg/d) there was generally no target organ weight decreases as
would have been expected for an androgen antagonist. Only 14% of the target organs investigated by all 10
participating laboratories gave an indication for a possible anti-androgenic effect without any preference of
a specific target organ. With DNP (10 mg/kg/d) only 6 % of the investigated target organs showed a weight
decrease. Thus, the overall response is clearly in line with the expectation of NP and DNP not acting as an
androgen antagonist.

111. For the coded antagonist DDE the expectation was that the low dose (16 mg/kg/d) would either
be without an anti-androgenic activity or be close to the start of the dose-response curve. This expectation
was fulfilled as only 40 % of the investigated target organs showed a weight decrease in comparison to the
TP androgen agonist reference group. And only 1 of the target organs in Phase-3 (10%) at 16 mg/kg/d was
in disagreement to the Phase-2 results at 30 mg/kg/d. 160 mg/kg/d in Phase-3 led to an anti-androgenic
effect for all target organs in all participating laboratories as expected.

112. For the coded antagonist LIN the expectation was that the low dose (10 mg/kg/d) would either be
a NOEL or be close to the start of the dose-response curve. This expectation was fulfilled as only 40 % of
the investigated target organs showed a weight decrease in comparison to the TP androgen agonist
reference group. The high dose of 100 mg/kg/d in Phase-3 did not lead to an anti-androgenic effect in only
8% of the target organs for all participating laboratories.

113. The data obtained with the coded test chemicals were supported by those with the uncoded

positive reference chemicals: TP led to a weight increase for all target organs in all laboratories in the
androgen agonist as well as in the androgen antagonist test protocols. Flutamide, as a positive reference
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chemical, showed androgen antagonist action in all target organs by all participating laboratories with only
1 exception.

114. In summary, the results obtained with the coded negative and positive test chemicals, the latter
tested at 2 dose levels, completely fulfilled the expectations laid down before initiation of the experimental
work. By coded testing a possible investigator bias could be ruled out.

Inter- and intra-laboratory reproducibility of the protocols for identifying androgen agonists and
antagonists

115. Inter-laboratory reproducibility for the androgen agonist test protocol was clearly demonstrated:
The coded negative reference chemicals (NP and DNP) did not lead to weight increase in any of the target
organs by any of the participating laboratories (49 organs in total). Blinded testing of the low dose of
TREN did not show a weight increase for 46 of the 49 target organs investigated while the high dose of
TREN led to the expected significant target organ weight increase in 46 of the 49 target organ weights
evaluated. For 1 laboratory there was an indication for dissection problems for VP and COW. The uncoded
androgen reference chemical (TP) gave a uniform positive response for all target organs by all participating
laboratories.

116. For the androgen antagonist test protocol the situation was similar:

- For the total of 49 determinations of target organ weights for NP, only 7 (14%) gave an
indication for a possible androgen antagonist effect and for DNP only 4 of 49 target organ
weights. In total, for NP, 5 of the 10 participating laboratories reported no weight decrease in any
of the 5 target organs evaluated and another 4 laboratories found a weight decrease only in 1 of
the 5 target organs. Similarly coded testing of DNP did not lead to an effect on any of the target
organ weights in 7 of the 10 participating laboratories and 2 of the other 3 laboratories reported a
weight change only for one of the 5 target organs.

- For the high dose of DDE, 9 of 10 participating laboratories found a statistically significant
androgen antagonistic effect in all target organs and one of the participants missed this response
only in one of the target organs. With the high dose of LIN, 6 of the 10 laboratories found a
significant anti-androgenic effect for all 5 target organs, 3 laboratories for 4 target organs and 1
laboratory reported the anticipated weight decrease only for 3 target organs.

- The low doses of DDE and LIN were selected as to be in the very low range of the ascending
dose-response curve. Therefore it was expected that either none or only some of the participants
would report an androgen antagonistic effect. In total, with the low dose of DDE, 2 laboratories
found an androgen antagonistic effect in all 5 target organs, 1 laboratory in 3 target organs, 5
laboratories in 1 target organ, and 2 laboratories in none of the target organs. With the low dose
of LIN, one laboratory found an androgen antagonistic effect in 4 target organs, 2 laboratories in
2 target organs, one laboratory in one target organ, and 6 laboratories in none of the target organs.

- Finally, when testing the uncoded FLU positive reference antagonist, only 1 of the 44
investigated target organs did not show the anticipated weight decrease as compared to the

androgen reference group.

117. These results clearly substantiate a high inter-laboratory reproducibility for the protocols for
identifying androgen agonists and antagonists.
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118.

To investigate intra-laboratory reproducibility over time the results obtained in Phase-3 are

compared to those in Phase-1 or -2 for the laboratories participating in the phases concerned. For each test
chemical generally there were only few laboratories available for such a direct comparison:

119.

For the androgenic activity of TP (0.2 and 0.4 mg/kg/d), 9 laboratories with a total of 45 target
organs gave an overall concordance of 100% when comparing Phase-1 and -3.

For TREN at the low dose level of 1.5 mg/kg/d, 3 laboratories with a total of 15 target organs
gave an overall concordance of 100 % (no androgenic activity) when comparing Phase-2 and -3.

For the androgenic activity of the high dose of TREN (40 mg/kg/d), 3 laboratories with a total of
15 target organs gave an overall concordance of 80% when comparing Phase-2 and -3.

The low dose levels of DDE tested against 0.4 mg/kg/d of TP were the same in Phase-2 and -3.
Three laboratories participated in both phases. While in Phase-2 none of the laboratories found a
significant target organ weight change, in Phase-3 one of the 3 laboratories reported a significant
weight change for all of the target organs. The reason is unclear, but must be seen in conjunction
with 16 mg/kg/d being at the beginning of the ascending part of the dose response curve. For the
other two laboratories there was deviation for only 10% of the target organs investigated between
Phase-2 and -3.

The low dose levels tested for DDE were different in Phase-2 and-3 using a TP reference dose of
0.2 mg/kg/d. The low dose level in Phase-3 (16 mg/kg/d) is expected to be at the start of the
ascending dose-response curve. Therefore a comparison was made with the embracing dose
levels of Phase-2, namely 10 and 30 mg/kg/d. When considering the results of the 2 laboratories
participating both in Phase-2 and-3 with a total of 10 target organs, there only was a clear
disagreement of 10% between Phase-2 and-3.

With a TP reference dose of 0.4 mg/kg/d the high dose of DDE was the same in Phase-2 and -3. 3
laboratories participated in both phases. For all 3 laboratories all target organs responded with the
target organ weight decrease as to be expected for an androgen antagonist. Thus, the intra-
laboratory concordance was 100%.

The high dose levels of DDE were different in Phase-2 (100 mg/kg/d) and Phase-3 (160 mg/kg/d)
with a TP reference dose of 0.2 mg/kg/d. Notwithstanding this difference in dosage, for the
antiandrogenic activity at both of these high dose levels 2 laboratories with a total of 10 target
organs gave an overall concordance of 100% for Phase-2 and -3.

For the low dose level of LIN (10 mg/kg/d) 2 laboratories with in total 9 target organs gave an
overall concordance of 100% (no anti-androgenic activity) when comparing phase-2 and-3.

For the anti-androgenic activity of the high dose LIN (100 mg/kg/d) 2 laboratories with a total of
9 target organs gave an overall concordance of 100% when comparing Phase-2 and -3.

The androgen antagonist reference chemical FLU (3 mg/kg/d) was tested by 3 laboratories with a
total of 14 target organs; an overall concordance of 100% was found when compared during
Phase-2 and -3.

In summary by these data, a good intra-laboratory reproducibility over time can be substantiated

although only a limited number of laboratories tested the same chemicals in the different phases of this
validation exercise.
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Reproducibility over time

120. Phase-1, -2, and -3 of the validation program were carried out independently and at different
times. Therefore, the data shown above clearly substantiate a good reproducibility over time, too.

Substantiation of the specificity of the protocols for identifying androgen agonists and antagonists

121. NP and DNP at dose levels anticipated to represent a maximally tolerable dose level (160
mg/kg/d and 10 mg/kg/d, respectively) were used as negative reference chemicals both for the androgen
agonist and androgen antagonist test protocol.

122. By the androgen agonist test protocol, none of the participating laboratories reported a significant
organ weight change for any of the target organs evaluated (in total 49 target organs for each chemical)
neither for NP nor for DNP.

123. By the test protocol to detect androgen antagonists the 10 participating laboratories provided a
dataset of in total 49 target organ weights for each of the negative reference chemicals. Of these, for NP
only 7 (14%) gave a significant although generally small organ weight change as an indication for a
possible anti-androgenic effect. Similarly for DNP only 3 of the 49 target organ weights investigated (6%)
showed such a decrease.

124. In summary, these results clearly substantiate the specificity for protocols to identifying androgen
agonists and antagonists.

Reproducibility of weight changes and relative effectiveness of the 5 target organs

125. The effectiveness of the target organs for identification of androgen agonists and antagonists
depends to a large extent on the CVs of the weight determinations. Already in the Phase-2 validation report
(5) two important findings were noted:

- The CVs differ among the 5 mandatory tissues. LABC and GP have lower CVs, suggesting that
these tissues may be somewhat easier to consistently dissect and handle. In contrast, the fluid-
filled tissues such as the VP, SVCG, and COW generally have greater and more variable CVs
from laboratory-to-laboratory.

- There are differences in the CVs among the laboratories. Certain laboratories were more
proficient overall than others and therefore the laboratory procedures and techniques themselves
have a major impact on the performance of the assay.

126. These observations by the Phase-2 results are essentially supported by the evaluations of the Lead
Laboratory of the Phase-3 data. This is most obvious for the agonist testing subpart. As can be seen from
table 10 the CVs of the fluid-filled target organs (SVCG, VP, and COW) were in the range between 44 and
59%, while the CV for GP was 12.1% and that for LABC 18%. According to table 11 laboratories 5 and 10
generally had the highest CVs, especially for the fluid-filled target organs (VP, SVCG, and COW). A
detailed analysis by the Lead Laboratory showed that these high CVs arose from a single animal in each
laboratory from the TREN 40 mg/kg/d-dose and the antiandrogenic effects of the chemical treatment was
still apparent in these laboratories.

127. A similar, but less obvious picture emerges from the Phase-3 antagonist testing. In table 15 the

means and ranges of the CVs again are higher for VP (23.5; 14-33), SVCG (24.8; 12-36), and COW (22.3,
12-26) as compared to those of LABC (14.6; 8-21) and GP (10; 5-15).
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128. The weight of LABC should be specifically responsive to the anabolic activity of androgen
agonists. This is substantiated by the results obtained with the low dose of TREN (1.5 mg/kg/d) that is an
androgen agonist with a pronounced anabolic activity (cf. table 7). This dose led to a statistically
significant weight increase for LABC in 2 laboratories and to a clear numerical weight increase in some of
the other laboratories. For the other 39 target organs investigated there was only one other statistically
significant weight increase reported, namely an increase for COW in laboratory 2. Thus, LABC seems to
be especially responsive to the anabolic action of androgen agonists and this may be of some value for
differentiation between androgenic and anabolic activities.

129. In total, the weight changes of all target organs fulfilled the expectations for chemicals acting as
androgen agonists or antagonists. As seen by the CVs, the variability is somewhat higher for the fluid-
filled organs (VP, SVCG, and COW) as compared to the solid tissues (LABC and GP). Nevertheless, not
always all of the target organs reacted to the test chemicals as was to be expected. Such single “false
negative” results were found both for androgen agonists and antagonists for some of the target organs in
some laboratories and similarly, occasionally there also were “false positive” organ weight changes after
treatment with the negative reference chemicals. Details are given in the RESULTS-section. Therefore,
when developing the final OECD Test Guideline, the 5 target organs used in the Phase-2 and Phase-3
validation programs should all be included. As already noted in the Phase-2 report (5) the value of GP still
is open to some question.

Some specific points noted in the Phase-2 report (5)
Incomplete preputial separation of GP

130. During Phase-2 validation it was already observed that some laboratories encountered a low rate
of incomplete preputial separation, and this impacted the ability to dissect the GP (cf. summary of Phase-2
report § xiii). Therefore laboratories should understand the particular characteristics of their animal strain
and supplier relating to the time of preputial separation. This should be taken into account when selecting
the time for castration. Therefore, the Phase-3 protocol was more liberal in respect to the time of castration
as can be seen from table 4a. But nevertheless, laboratory 5 still encountered problems for the evaluation of
GP as many animals in this laboratory did not undergo preputial separation. This result underlines the
necessity for sufficient flexibility as regards the age of castration taking into account the onset of puberty
and timing of preputial separation of the experimental animals.

Appropriate dose of TP (reference androgen agonist) when testing for androgen antagonists

131. In the previous validation reports little or no difference became evident between 0.2 and 0.4
mg/kg/d as androgen agonist reference dose of TP when co-administered with different doses of androgen
antagonists. This was substantiated by the data obtained in Phase-3 testing. The analysis of variance of
Lead Laboratory yielded similar results when conducted separately for the 2 groups of laboratories that
used TP either at a dose of 0.4 mg/kg/d (7 laboratories) or 0.2 mg/kg/d (3 laboratories). Details are found
in Appendix 3 of the Lead Laboratory report on androgen antagonist testing (Annex 4). Thus, no clear
preference can be derived from the data as to the most appropriate dose of the reference androgen agonist
(TP), neither for 0.2 nor for 0.4 mg/kg/d subcutaneously.
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CONCLUSIONS/RECOMMENDATIONS

132. Phase-3 validation testing has shown a good intra-laboratory reproducibility over time by using
coded test samples to avoid investigator bias.

133. The use of negative reference chemicals showed a good specificity of the protocols to identify
androgen agonists and antagonists.

134. The Phase-1, -2, and -3 results taken together show that the Hershberger protocols are
transferable so that they can be used internationally by different laboratories that the inter-laboratory
reproducibility was excellent for agonists, antagonists and a So-reductase inhibitor that the predictive
capacity was very good.

135. Within the validation test series only one potent Sa-reductase inhibitor was tested. For this
specific mode of action some further validation work might be envisaged with weaker inhibitors to confirm
reproducibility and relevance of this assay for such a class of substances.

136. Laboratories using the Hershberger Bioassay should provide sufficient training for target organ
dissection to their technical staff, especially if this bioassay is only carried out occasionally.

137. The biological variability of the strains used by the laboratories should be known, especially with
regard to onset of puberty and time of preputial separation.

138. On the basis of the successful international OECD validation program it is proposed to develop

an OECD Test Guideline for the identification of androgen agonists and antagonists (Hershberger
Bioassay) that may be used as a level 3 screening test within the conceptual framework of the OECD (4).
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ANNEX 1 — PARTICIPATING LABORATORIES — PHASE-3 HERSHBERGER VALIDATION
PROGRAM

This information is only available to government representatives of OECD member countries

There were ten participating laboratories in Phase-3 testing and all of them had already been
involved in Phase-2. Their participation was voluntary. In some laboratories, the work received financial
support from their national authorities or from CEFIC. In other cases, the laboratories were bearing the
financial costs themselves. This support and assistance to the OECD work is sincerely appreciated and
such contributions should be recognized by the VM G-mammalian.
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ANNEX 2 - OECD MODEL PROTOCOL FOR PHASE-3 OF THE HERSHBERGER
VALIDATION PROGRAM

This protocol was contained in a document distributed to each of the participating laboratories as
the basis for writing their individual laboratory protocols.

OECD MODEL PROTOCOLS AND GUIDANCE
FOR THE CONDUCT OF THE RAT HERSHBERGER BIOASSAY
WITH THE SURGICALLY CASTRATED PERIPUBERTAL MALE

For Phase-3 of the OECD program to validate the rat Hershberger bioassay

LEAD LABORATORY

United States Environmental Protection Agency

National Health and Environmental Effect Research Laboratory
Endocrinology Branch

2525 Highway 54

Research Triangle Park, North Carolina 27711

UNITED STATES

Lead Investigator: Dr. Earl GRAY

OECD SECRETARIAT

OECD Environment
Health and Safety Division,
2, rue André Pascal

75775 PARIS, Cedex 16
FRANCE

Study Manager and Director: Dr. J. William Owens
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INTRODUCTION

1. The overall aim of the validation program is to demonstrate that the Hershberger bioassay is a
reliable and reproducible bioassay that can be considered as the basis for an OECD Test Guideline. This
document provides the essential requirements for Phase-3 of the OECD program on the validation of the
rat Hershberger bioassay using the surgically castrated pubertal male. Detailed laboratory protocols for the
OECD validation program are to be built on the requirements, recommendations, and options contained in
this document.

2. The precursor of the rodent Hershberger bioassay was first developed in the 1930s and included
various tissues of the male reproductive tract (1) (2) (3), including the ventral prostate, the seminal vesicles
with coagulating glands, the Cowper’s glands, the glans penis, and preputial glands. The measurement of
the levator ani and bulbocavernosus muscles were subsequently investigated in the 1940s (3) (4). After
publication of work with an extensive number of compounds by Hershberger ef. al. in 1953 (5), the
procedure has been commonly referred to as the Hershberger bioassay.

3. The Hershberger bioassay is an in vivo short-term assay similar in concept to the rodent
uterotrophic bioassay. Both procedures measure changes in specific tissues that normally respond to
endogenous hormones. The bioassay conditions are designed to achieve low endogenous hormone levels
and employ target tissues that are highly responsive to administration of exogenous hormones. The focus
of the Hershberger bioassay is on the detection of compounds that may interfere with endogenous male sex
hormones. This includes other androgens, androgen antagonists and Sa-reductase inhibitors. The
objective in phase-3 of the validation of the surgical castrate is to assess the bioassay’s reliability and
relevance of the assay using coded substances and negative compounds.

4, The Hershberger and uterotrophic bioassays are both being validated by OECD as potential
short-term screens. The information generated by these bioassays can be used to build on that already
available, e.g. from relevant in vitro screens to narrow the field of chemicals that may need longer-term
animal testing. This current protocol is based on the standardisation and optimisation work performed
under OECD auspices in Phase-1 and Phase-2 of the Hershberger validation.

PREVIOUS VALIDATION WORK

5. The OECD program on the Hershberger assay has previously demonstrated the response and the
reliability of measuring male sex accessory glands and tissues, i.e., ventral prostrate (VP), seminal vesicles
with coagulating glands (SVCGQG), the levator ani and bulbocavernosus muscles (LABC), the Cowper’s (or
bulbourethral) glands (COWS), and glans penis (GP). Test substances used in Phase-1 and Phase-2
included testosterone propionate (TP) (CAS No. 57-85-2), Flutamide (FLU) (CAS No: 1311-84-7),
trenbolone (TREN) (CASRN 10161-33-8), Vinclozolin (VIN) (CASRN 50471-44-8), Procymidone (PRO)
(CASRN 32809-16-8), linuron (LIN) (CASRN 330-55-2), p,p-DDE (DDE) (CASRN 72-55-9),
Finasteride (FIN) (CASRN 98319-26-7). The assay was robust and reproducible across laboratories in the
presence of several variations, e.g., strain of rat, diet, and modest variations in the age of castration. The
protocol was successful in detecting increases in the weights of the accessory sex organs and tissues in
response to androgens and detecting decreases due antiandrogens. There was good agreement among
laboratories with regard to the dose responses obtained (6)(7).

INITIAL CONSIDERATIONS AND PRINCIPLE OF THE ASSAY

6. The rat Hershberger assay is based on changes in the weights of androgen-responsive male sex
accessory tissues in peripubertal, surgically castrated male rats. Accessory sex tissues and glands depend
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upon androgen stimulation to gain and maintain weight during and after puberty. If endogenous sources of
androgen (the testes) are removed, the biological activity of exogenous substances can be assayed by the
increase (agonist response) in the weights of these sex accessory tissues or by blocking (antagonist
response) the activity of administered androgens and by preventing an increase in the weights of these sex
accessory tissues. The rat Hershberger assay then evaluates the ability of a chemical to show biological
activities consistent with the agonism or antagonism of androgens (e.g., testosterone and
dihydrotestosterone).

7. The surgical castrate protocol uses male rats approaching sexual maturity (peripuberty). The
animals are castrated by removing both testes and epididymes (orchidoepididyectomized). In most
laboratory strains, such as the Sprague Dawley, Long Evans, or Wistar rats, peripuberty is expected to take
place at approximately 6 weeks of age, within an expected age range of 5-7 weeks. Peripuberty is marked
by prepuce separation from the glans penis. Prepuce separation is necessary so that the GP can be properly
dissected and accurately weighed. At the peripubertal stage of sexual development, the GP and other
androgen-dependent sex accessory tissues are sensitive to androgens, having both androgen receptors and
appropriate steroidogenic enzymes. The advantage of using this age of rat is that the sex accessory tissues
have a high sensitivity and small relative weight, which minimises variation in responses between individual
animals. In addition, castration removes the ability to produce and to secrete testosterone (T), breaking the
hypothalamic-pituitary-gonadal feedback loop and providing for regression of tissue weights to a lower
baseline. As aresult, serum T levels are severely reduced (some synthesis may occur in the adrenals).

8. Primary objectives of Phase-3 of the validation program are to demonstrate:

- The reliability of the Hershberger bioassay to respond to and to identify coded positive and
negative substances.

- The relative effectiveness of the different sex accessory tissues and glands in the assay.

- The reproducibility of the bioassay over time by comparing appropriate data to that generated in
Phase-1 and Phase-2.

- Continue the investigation of the value of the five accessory tissues and glands

9. The test substances will be coded and administered to groups of six animals (n = 6) for 10
consecutive days. The animals will then be necropsied approximately 24 hours later on the 11" day. After
dissection, the weights of the designated sex accessory tissues will be measured.

10. In addition to the sex accessory tissues, daily body weights, including at necropsy, are mandatory
measures to allow precise does administration, to provide information on the general health and well being
of the animals, and so that body weight can be used as a statistical covariable. The liver, adrenal and
kidney weights are optional measurements that may provide supplementary information about the systemic
toxicity, target organs and other effects of the test substance.

Androgen agonists
11. Biological activity consistent with androgen agonists is tested by administering a test substance
to immature castrated rats for 10 consecutive days. The positive control for the tissue responses is TP.

The vehicle is the negative control. The weights of the sex accessory tissues of the test chemical groups
are compared to the vehicle group for a statistically significant increase in weight.

66



ENV/IM/MONO(2007)20

Androgen antagonists

12. Biological activity consistent with androgen antagonists and 5-alpha reductase inhibitors is tested
by administering the test substance to immature castrated rats for 10 consecutive days together with a
reference androgen agonist, TP. Administration of TP alone is the negative control. FLU is
coadministered with TP to another group as a positive control. The weights of the sex accessory tissues
after co-administration of the test chemical and the reference androgen TP together are compared with the
weights of tissues of the reference androgen TP alone for a statistically significant decrease in weight.

DESCRIPTION OF METHOD/PREPARATIONS FOR THE TEST
Animal Species and Strain

13. This protocol allows laboratories to select the strain of rat to be used in the validation of the
assay. The selection should be the strain used historically by the participating laboratory, but should not
include strains like the Fisher 344 rat. The Fisher 344 rat has a different timing of sexual development
compared to other more commonly used strains such as Sprague Dawley or Wistar strains. Where the
screening assay may be preliminary to a repeated dose oral study, a reproductive and developmental study,
or a long-term study, preferably animals from the same strain and source should be used in all studies. If a
laboratory is planning to use an unusual rat strain, or one unique to their own facility, they should
determine whether the sexual development criteria noted under the section, INITIAL CONSIDERATIONS
AND PRINCIPLE OF THE ASSAY, are met.

Castration

14. After an initial acclimatisation period to ensure that the animals are health and thriving, the
animals are castrated under anesthesia by placing an incision in the scrotum and removing both testes and
epididymes with ligation of blood vessels and seminal ducts. After confirming that no bleeding is occurring, the
scrotum should be closed with suture or autoclips. If castrated animals are purchased from an animal supplier,
the age of animals and stage of sexual maturity should be assured by the supplier. The time between
castration and initiation of dosing will be counted as part of the acclimatisation period. Animals should be
castrated on pnd 42 or shortly thereafter, not before, based upon when the animals are expected to achieve
full preputial separation by the first day of test substance administration.

Acclimatisation after castration

15. Healthy young animals should be acclimatised to the laboratory conditions for a minimum of 7
days following castration. Animals will be observed daily, and any animals with evidence of disease or
physical abnormalities will be removed. The treatment with initiation of dosing (on study) may commence
as early as pnd 49 days of age, but preferably not later than pnd 60. This flexibility allows a laboratory to
schedule the experimental work efficiently, and for different strains and sources of animals to achieve full
preputial separation.

Housing and feeding conditions

16. Temperature in the experimental animal room should be 22 °C (£3°). The relative humidity
should be 50 to 60%, but should not exceed limits of 30 to 70% except during room cleaning. Lighting
should be artificial, the photoperiod being 12 hours light, 12 hours dark.

17. Laboratories participating in the validation should use the laboratory diet normally used in their
chemical testing work. In previous phases, no effects or variability were observed that were attributable to
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the diet. The diet used will be recorded and a sample of the laboratory diet will be retained for possible
future analysis. Both diet and drinking water will be supplied ad libitum.

18. Animals should be caged in groups of no more than 3 similarly treated rats per cage, giving a
minimum of 2 cages of 3 rats/cage per treatment group. Three animals or less per cage will avoid
crowding and associated stress with animals of this age that may interfere with the hormonal control of the
development of the sex accessory tissue. Individual housing of animals is permitted. Cages should be
thoroughly cleaned to remove possible contaminants and arranged in such a way that possible effects due
to cage placement are minimised.

19. Each animal will be identified individually (e.g., ear mark or tag). The method of identification
will be recorded.

Body Weight and the selection of animals for the study

20. Increasing differences in body weight may be a source of variability in the weight of tissues of
interest within and among groups of animals. Variations in body weight should be both experimentally
and statistically controlled, and the statistical analysis should be done both with and without body weight
as a covariate. As toxicity may also impact the body weight, the body weight on the first day of
administration can be used as the covariate in those cases where significant reductions in body weights
have occurred.

21. Experimental control of body weight is accomplished in two steps. The first step involves
selection of animals with relatively small variation in body weight for the study cohort from the larger
population of animals that have been supplied. Unusually small or large animals should be avoided and
should not be placed in the study cohort. A reasonable level of body weight variation within the study
cohort should be tolerated. Here, + 20% of the mean body weight for the cohort population is judged to be
reasonable (e.g. 175g = 35g). The second step involves the assignment of animals to different treatment
groups (n = 6) by a randomised complete block approach. Under this approach animals are randomly
assigned to treatment groups so that each group has the same mean and standard deviation in weight at the
beginning of the study. The procedure used for block randomization should be recorded.

Non-routine health and safety requirements

22. The test substances are possible reproductive and developmental toxicants and, therefore,
appropriate precautions should be taken to protect personnel during the validation work, e.g. necessary
training, labeling and storage procedures, and protective handling procedures during dose preparation and
dose administration.

23. Appropriate precautions such as wearing protective gloves, protective clothing and eye protection
will be taken when handling the animals, diets, cages, and wastes (e.g. remaining test solutions, faeces, and
carcasses). Waste disposal will be in accordance with good practice and existing regulations applicable to
a given laboratory.

PROCEDURE — HERSHBERGER VALIDATION PHASE-3

24. The following procedure is based on the previous validation work in Phase-1 and Phase-2.

Reference substances, vehicle, and route of administration.

25. The reference androgen agonist will be TP. The reference androgen antagonist will be FLU.

68



ENV/IM/MONO(2007)20

26. All participating laboratories should use a vehicle, such as stripped corn oil, that is not easily
disposed to potential microbial degradation of the vehicle or the reference and test substances. If the
dosing samples are not made daily, care should be taken to preserve and to avoid contamination and
spoilage of the samples.

27. The selected route of administration for the reference and coded test substances in Phase-3 are:
- Testosterone propionate subcutaneous injection
- Flutamide per os (oral gavage)

- All coded test substances  per os (oral gavage)
Test substances in Phase-3 of the Hershberger validation

28. The test substances for Phase-3 with the exception of TP and FLU will be supplied coded to each
laboratory. There will be a set of four coded samples for the agonist studies and six coded samples for the
antagonist studies. Each sample will be administered to a group of animals (i.e., it will not be used for a
dose series, but administered as a single specified dose). A minimum of four laboratories will conduct
each study.

Test groups in Phase-3 of the Hershberger validation

29. 6 animals of the same age and cohort will be used for the vehicle, TP, any other control group,
and each coded treatment group.

30. In one set of studies, the response of the sex accessory tissues and glands to coded agonist
samples will be studied. This work will involve four coded test groups having prepared doses of the test
substances and one vehicle control group. The doses of positive agonist test substances will be the same as
one or more of the doses used in Phase-2 to assess assay reproducibility. The negative test substances will
be used to assess the bioassay’s false positive rate with agonists. Laboratories may voluntarily choose to
include a positive control of the using same TP dose that used by the laboratory in Phase-2 (0.2 mg/kg/d
TP was used in seven laboratories and 0.4 mg/kg/d TP was used by nine other laboratories).

31. In a second set of studies, the response of the sex accessory tissues and glands to coded
antagonist samples will be studied. This work will involve six coded test groups having prepared doses of
the test substances with the coadministration of a selected dose of the reference agonist TP to each group.
The reference TP doses will be the same as that used by the laboratory in Phase-2 (0.2 mg/kg/d TP was
used in seven laboratories and 0.4 mg/kg/d TP was used by nine other laboratories). The doses of positive
test antagonist substances will be the same as one or more of the doses used in Phase-2 to assess assay
reproducibility. The negative test substances will be used to assess the bioassay’s false positive rate with
antagonists. Laboratories may voluntarily choose to include a vehicle control and a positive control of the
same TP dose coadministered with 3 mg/kg/d FLU.

Doses in Phase-3 of the Hershberger validation
32. All participating laboratories will use the same dose levels in order to support comparisons of the

assays reproducibility with previous and current work. The following table provides the requirements and
includes both mandatory and possible voluntary groups.
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Agonist Coded Samples Antagonist Coded Samples
Group A Vehicle Vehicle — Voluntqry in antagonists
Vehicle Control series
Group B Not applicable - provided by
Negative TFr)eatment vehicle control (no additional TP dose used by the laboratory in
9 Control group needed for agonist Phase-2 (0.2 or 0.4 mg/kg/d)
series)
. TP dose used by the laboratory in
Group C Co:l:ag Sf;%ocrgs;raest Phase-2 (0.2 or 0.4 mg/kg/d) +
Coded Antagonist Test substance #1°?
. TP dose used by the laboratory in
Group D Cogjg Sg%c;rgs;;aest Phase-2 (0.2 or 0.4 mg/kg/d) +
Coded Antagonist Test substance #2°
. TP dose used by the laboratory in
Group E Cogjg Sg%c;rgs;sTaest Phase-2 (0.2 or 0.4 mg/kg/d) +
Coded Antagonist Test substance #3 °
. TP dose used by the laboratory in
Group F Coded Agonist Test Phase-2 (0.2 or 0.4 mg/kg/d) +

substance #4 Coded Antagonist Test substance #4 °

TP dose used by the laboratory in

Group G Not applicable Phase-2 (0.2 or 0.4 mg/kg/d) +

Coded Antagonist Test substance #5°
TP dose used by the laboratory in

Group H Not applicable Phase-2 (0.2 or 0.4 mg/kg/d) +
Coded Antagonist Test substance #6 *
Group | TP dose used by the TP dose used by the laboratory in
" P laboratory in Phase-2 (0.2 or Phase-2 (0.2 or 0.4 mg/kg/d) +
Positive Treatment
0.4 mg/kg/d) FLU 3 mg/kg/d
Control . . . . - .
Voluntary in agonist series Voluntary in antagonist series

® The doses of each test substance will be prescribed in order to have comparable data for the analysis of variability among labs and
for comparison to previous data.

Administration of doses

33. Subcutaneous injections will be on the dorsal surface of the animal after shaving or trimming of
fur. Multiple injections sites may be used. The maximum limit on the volume administered per animal is
approximately 0.5 ml/kg body weight per day.

34, Oral gavage will be the delivery of the test substance in vehicle by means such as intubation with
an oral gavage syringe. The maximum limit on the volume administered per animal will be 5 ml/kg/day.

35. The animals will be dosed in the same manner and time sequence for ten consecutive days at
approximately 24 hour intervals. The dosage level will be adjusted daily based on the concurrent daily
measures of body weight. The volume of dose and time that it is administered will be recorded on each
day of exposure.

Good Laboratory Practice
36. Work should be conducted according to the principles of Good Laboratory Practice (OECD Good
Laboratory Practice and Compliance Monitoring) (8). In particular, data should have a full audit trail and

be retained on file. Data will be collected in a manner that will allow independent peer review and written
records maintained.
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OBSERVATIONS
Clinical observations

37. Animals will be evaluated at least once daily for mortality, morbidity, and signs of injury as well
as general appearance and signs of toxicity. Any animals in poor health will be identified for further
monitoring.

38. Any animal found dead will be removed and disposed of without further data analysis. Any
mortality of animals prior to necropsy will be included in the study record together with any apparent
reasons for mortality.

Body weight and food consumption
39. Individual body weights will be recorded prior to start of treatment (to the nearest 1 g), on each

day of administration period and prior to necropsy. Group means and standard deviations will be
calculated.

40. Food consumption should be generally observed and any significant changes recorded.
Necropsy
41. Approximately 24 hours after the last administration of the test substance, the rats will be

euthanized according to the normal procedures of the participating laboratory, and necropsy carried out.
The method of humane killing will be recorded in the laboratory report.

42. The order in which the animals are necropsied will be designed such that one or two animals
from each of the groups (e.g., one per cage if there are three animals per cage) are necropsied to achieve a
randomisation of the groups. In this way, all the animals in the same treatment group are not necropsied at
once, and any variation in the procedure over time will not unduly impact any particular group.

43, The five sex accessory tissues (VP, SVCG, LABC, COWS, and GP) are mandatory
measurements. The sex accessory tissues will be excised, carefully trimmed of excess adhering tissue and
fat, and their fresh (unfixed) weights determined. Each tissue should be handled with particular care to
avoid the loss of fluids and to avoid desiccation, which may introduce significant errors and variability by
decreasing the recorded weights.

44, Several of the tissues may be very small or difficult to dissect, and this will introduce variability.
Previous work has indicated a range of coefficient of variations that appears to differ based upon the
proficiency of the laboratory. In a few cases during Phase-2, large differences in the absolute weights of
the tissues such as the VP and COWS have been observed within a particular laboratory. Therefore, it is
important that persons carrying out the dissection of the sex accessory tissues are familiar with standard
dissection procedures for these tissues. A standard operating procedure (SOP) manual for dissection has
been provided by the Lead Laboratory and was used in Phase-1 and Phase-2. This manual will remain the
SOP reference for Phase-3. Careful training according to the SOP guide will minimise a potential source
of variation in the study.

45. Each sex accessory tissues will be weighed without blotting to the nearest 0.1 mg, and the
weights recorded for each identified animal.

46. Liver, paired kidney, and paired adrenal weights are optional measurements. Again, tissues
should be trimmed free of any adhering fascia and fat. The liver will be weighted to the nearest 0.1 g, and
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the paired kidneys and paired adrenals will be weighted to the nearest 0.1 mg. All weights will be recorded
for each animal.

47. If the evaluation of each chemical requires necropsy of more animals than is reasonable for a
single day, the starting date may be staggered on two consecutive days so that the necropsy can be
staggered. In this case the work could be divided so that necropsy of 3 animals per treatment per day (1
cage) takes place on the first day with the dosing and necropsy being delayed by one day in the second half
of the animals. That is, each group should be split so that half of the animals are necropsied on each day in
order to control variability among the groups.

48. Carcasses will be disposed of in an appropriate manner following necropsy.

REPORTING

Data

49. Data will be reported individually (i.e. body weight, accessory sex tissue weights, optional

measurements and other responses and observations) and for each group of animals (means and standard
deviations). The data will be summarised in tabular form. The data will show the number of animals at
the start of the test, the number of animals found dead during the test or found the test number of animals
found showing signs of toxicity, a description of the signs of toxicity observed, including time of onset,
duration and severity.
50. To assist data reporting and compilation, a standardised electronic spreadsheet will be used by
participating laboratories to report and transmit data during the validation work to the Secretariat so that it
may be easily exchanged and compiled with the Lead Laboratory and independent statisticians. This
spreadsheet will be provided by the OECD Secretariat.
Test report
51. The test report must include the following information:
Laboratory identification

- Name of laboratory, location

- Principal investigator and other personnel and their roles in the study

- Dates study began and ended
Test substance

- Physical nature and, where relevant, physicochemical properties;

- Identification data and source

- Purity

72



ENV/IM/MONO(2007)20

Vehicle identity and supplier:

Test animals and procedures:

Results:

Species/strain used;
Source or supplier of animals, including full address;
Number, age and sex of animals;

Housing conditions (temperature, lighting, and so on), diet used, lot of diet, source of diet,
bedding and source of bedding;

Caging conditions and number of animals per cage;
Age at castration and time of acclimatisation after castration;
Individual weights of animals at the start of the study (to nearest 0.1 g);

Randomization process and a record of the assignment to vehicle, reference, and test substance
groups;

Mean and standard deviation of the body weights for each group at the start of the study;

Necropsy procedures, including means of exsanguination and any anesthesia; and

Daily observations during administration, including:

— Daily body weights (to the nearest 1 g),

— Clinical signs (if any),

— TP treatment (Yes or No),

— Test substance treatment (Yes or No),

— Dose level and volume administered each day,

— Time of dosing each day, and

— Notes on food consumption or measurement of actual food consumption each day.

On the day of necropsy, individual necropsy data on each animal including absolute sex
accessory tissue weights, liver and body weights including the following:

— Date of necropsy,
— Animal ID,

— Home Cage Number or ID,
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— Prosector,
— Time of day necropsy performed,
— Animal age, and
— Order of animal killing and dissection at necropsy,
- Weights of all five mandatory sex accessory tissues and glands.
— Ventral prostate (fresh weight — to the nearest 0.1 mg),

— Seminal vesicles plus coagulating glands, including fluid (fresh weight — paired, to nearest
0.1 mg),

— Levator ani plus bulbocavernosus muscle (fresh weight - to nearest 0.1 mg),

— Glans penis (fresh weight to nearest 0.1 mg), and

— Cowper’s glands (fresh weight — paired, to nearest 0.1 mg).

- Weights of optional tissues, if performed.

— Liver (optional — to nearest 0.1 g),

— Kidney (optional — paired, to nearest 0.1 mg), and

— Adrenal (optional — paired, to nearest 0.1 mg).

- General remarks and comments

Discussion
Conclusions
Interpretation of results
52. Statistical comparisons will be made for changes in the weights of the different sex accessory
tissues, the body weights, and those optional organs weighed. Statistical significance will be considered as
present with p < 0.05. For androgen agonism, the test substance groups will be compared to the vehicle
control. A statistically significant increase in tissue weight of the mandatory sex accessory tissues versus
the same tissue in the vehicle control group will be considered consistent with a positive androgen agonist
result. For androgen antagonism, the test substance with co-administered reference androgen groups will
be compared to the reference androgen control (TP only group). A statistically significant decrease in
tissue weight of the mandatory sex accessory tissues versus the same tissue in the positive control TP
group will be considered consistent with a positive antagonist result. Statistically significant changes,
positive or negative, in the tissues other than the mandatory sex accessory tissues will be noted and

considered to be characteristic for the test substance, but not evidence for androgen agonism or
antagonism.
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ANNEX 3 — REPORT OF THE LEAD LABORATORY ON EXPERIMENTS WITH AGONISTS

Please note that information may be repeated as some of the tables from this annex have already
been inserted in the report. However, the OECD Secretariat didn’t want to change the document prepared
by Dr Earl Gray.

Hepshberger Interlaboratory Validation Study

Rezults of Phase III using coded chemieals.

Experiments with Agonists and Negative in Ten Laboratories

Prepacd by Leon Gk Gray -

Erdocrimology Branch, Reproductive Toxicology Division
NHEEFL, ORD, USEPA
MDD 72, 2525 Highway 54, RTP, NC 17711
aray.early epn sov

Ineraduciton

In ourrols as the lead Ishomtery in the OECD Harshbarger Avery Validation we receired
data from Phass 3 saperiments from Dr W Cwees, acting on bebalf of the $ECT. and the
lzborasomiss for analysts and intarpratatice. The following axe the memlts of these studies 22d oo
anzlyzis of the data Sromn the stodiss with azdrogen agentsts and negatives. The odter raport this

plass raported o= the sadizs with antiand-ogeess and nagastives

FPhase 3 Ohjectives

Ths mein objectvs of this pkase was to see if the o laboratories would obain reecds
wtth coded sezoples thet wars comperabls fo the results cbearmed sarlar with idsodical dosss of
tha chezmicals iz gaxiier pheses.  In this regesd, reeboloms was ademmistarsd orally a2 1.5 and 40
mp'kg'd, desss praviowsly used mphase 2 (3 labs). W sxpacted tha: the stetistically sizmificamt
masults from the sarliss stadiss would meplicans i= pkase ¥ with ooded samples. Most laboracooies
also admi=ictered tesiostarozs propioness (TP} by subcotz=sous mjection at 0.4 mg'kg'd as anll
Tie phess 3 TP data ware comparad to reselts Som phase 1 (16 libs). Com o (the vehiclks) also

was sézunistarsd erzlly 2: the conirol iz the agomist sndies.
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Tlus phasa also meluded dmitvophencl (10 mz'kz/d) and nonylphenol (150 mzkz/d)
wioch were expected from the literatirs to be negative a5 agonists in the Hershberger assav.

I phase 3, ten laboratories from Burope, the UK, the USA and Asiz (Japan and Korea)
recerved coded samples from OECD for evaluation in the standardized Hershberger assav for
“androgemeity”. Chemucals were adnumistered orally at prosenbed dosage levels concmrently
to determmine if they stimulated mrowth of amy or all of the five androgen-dependant fizsues
(semunal vesicle (SV), ventral prostate (VF), levator and plus bulbocavernosus (LABC), glans
penis (GF) and Cowper's zlands). In additon, body werght was memtored twoughout the ten
day expermment, and body, lver, kidney, and adrenal waights ware taken at necropsy (i some
but not all laboratenies). Like may synthetic norandrogens, trenbelone 15 a selective androgen
agonist, as compared to TF, producing mere pronounced “anabelic” effects on muscles than
“androgemec” effects on sex accessorv tissues. For this reason, growth of the LABC 15 mora

senzitive to trenbolone that are the VP and 5V,

The chjective of the study was to demonstiate that ten laboratones could get the “comweet™

responses for the agonizt and negative chemmeals on all androgen-dapendent tissues when the
chemicals wers provided to them a5 wmknown coded zamples.

Statistical Methods

Foaw data were taken from submutted Microsoft Exesl 2003 spreadshests, converted to
text files and modified for statistical analysis wsmgz WordPerfact 9 softwrare. The text flas were
subnutted electronically via FTF using the NEEEERL miranet to an IBM mamframs computer
uzing SAS propretary Softwars Belease 3.2 (TS52M0), licensed to US ENVIEONMENTAL
PROTECTION AGENCY, Site 0045713001 numing on IBM Meda] 9672

The result= presented herain are one- way ANOV As (mam effact of the chenueals for
gach laboratery) and two-way ANOWVAs (with laberatory and chemecal as the twe mam effacts |
from PROC GLM.

Post hoe comparizons were generated using the LSMEANS option of FROC GLM wiich
15 a two taled t-test. T-tests being appropriate for thas study becanse we have a pnon
expectations about the effects of the different doses of the chenucals, In addition, a5 a screening
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assav, false posifives are move tolerabls than false megatives that mght rezult from using a mors
consarvative post hoe test. It1s also our objective to keep ammal use to a pummmm =0 using a t-
test enables us to detect weaker effects with a sample size of six rats per group than does 2 mors

consarvative post hoe tast.

Means, standard errors (SE) and ceefficients of vardation (CV) were generated nsmg
PROC MEANWS on 5AS. The OV 13 the standard deviation divided by meean and provides an
mdex of the dizzaction pracision of the organ weight datz 1 a laboratory or zroup. SAS
ANV As also prowidas F-square (B2) values (B2 bemg the variation due to laboratery or
chemicals drided by the total vanation) which 15 an index of the robustness of the effacts of the
chemicals in sach laboratory. The expectation 15 for CV values simmlar to these seen m Phaza 1
2 of the vahidation effeat and that all the laboratones weuld have smular B2 values.

SAS resulis were then transnutted by FTP fo an external hard diive m noy laboratory and
converted from text files to WordParfact flas for printing. The results from these sheets wera
then enterad into Microsoft Excel spreadsheets to sunmarize the results of the data analyses.
Subsequently, the Excal cheets were printed for this repaort to pdf files using Adobe Acrobat 5.0
seftware.

Graphs of istogams of the means and standard emvors of the mean for the weight data
are presented individually for each laboratory and pooled over the laboratories. The zraphs were
prepared nsing Loms Freelance Graphics 9.7 for Windows. Graphs were amanged by endpeint
for the ten laboratories so the repeatability of the effects of the chermeals from lab-fo-lab was
eazily apparant. Thas file was then also converted to a pdf file for meclusion i the report.

Results

Ome of the cbjectives of the mter]labovatory study was to demenstrate that ten labeoratorzes
could zet the “comect” responses for all the chenveals on all androgen-dependent tissuss. As
tranbolone at 1.5 and 40 mp/ke'd was vsed 1n phases 2 stodies of this validation exercize we
have spectfic expectations about the quantitative effects of these two coded treatment groups on
body weight, iver weight and the fSve androgen-dependent organ weights. We expected and
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observed the followmg effacts:

1. Decreased body weizht trenbolone at 40 mzkz/d
i Sigmficant increasas m all five androgen-dependent organ weights with TF at 0.4
me'kz'd sc and oral trenbolone at 40 mekz/d and small increases mm LABC

weight at 1.5 mgke'd

When all the affects of the two agontst eatment groups on the six endpoints (body, and
five androgen-dependent tissues) were comvelated with the effects sean previously in Phasa 2
studies, a lughly sizmificant positve relationshop was found having a comrslation cosfficient of 1
= 98 The sxpectad and obzarved effects were caloulated 2: percent of concwrent contrel values

using the com eil a5 contrel

If one considers significant increase (based upon t-tests) m all 5 androgen-depandent
tizsnas from ten laboratories, 17 beta trenbolone was positive m 96 %5 of the tims (Appendi: 1)
At the low dose, as expectad 1.5 mz'kg'd trenbolone did not elicit many posttrve responses (209
of the labs reported a stinmlatory effact on the LABC) LABC weight baing the onby tizsue
waight meveased sizmficantly when the data from all ten labs was pooled. Inphase 2, this dose

alse did not produce any sizuficant effects. TF at 0.4 mg'kz'd sc was positrve in all mstances.

The “known negatives” nonylphenol at 150 me'kg'd and diwtrephenol at 10 mg'kz'd did
not stimlate growth of any of the androgen-dependent tissues m any labovatory, as expectad.

Fizure 1 below displays the consistency of the results of phase 3 with earlier results with
the same Teatments i earlier phases of the validation effort. In the £zurs, we compare the
effects (as percent of concrent contel) obzerved in phase 2 for wenbolone at 40 mgkz/'d with
the affacts mn phasa 3 whersas the effects of TP at 0.4 mz'kz'd m phaza 1 are compared to those
seen hevein n phase 3. Trenbolone 15 knowm to be antiandrogenic m vivo and m vitro, having a
more pronoumced “anabolic” effect on the LABC than an “androgeme™ effect on the VP, 5V,
COWs and GP and this treabment was readaly 1dentifiad by every laboratory as bemz an
androgen agomist when provided as coded samples to the ten laboratories. The data shown are
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for body, vental prostate, senunal vesicle, glans pems, Cowper's glands, or levator-ani
bulbocavernosus nueels waights. We “expacted” that the phase 2 effacts would be very similar
to those “cbserved” in this study in phases 1 or 2. The fizure does neot distingush one endpoint
from another with each the observed and expected effact for each endpoint 1 each treafiment
being represanted by 2 single blue square.  The comelation coefficient for the datz 1 r =098, It

15 evident that the results of phase 3 ave very consistent with the effects n phase 2.

Observed versus Expected Effects in
Phase 3 Hershberger Assay validation study

160
140 <o
120 S

100
80
60
40
20

o

% Control Effects in Phase 3

0 25 50 75 100 125 150 175
% Control Effects from Phase 1 or 2
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Analysas of variance for the five androgen-dependant tissues revealed that the magnimde
of effect of the chemicals and the laboratory-to-lzboratory vartabolity m phaze 3 were all varv
statistically migmificant. Tmpertantly, the chemical effacts were fanly consistent from
laboratory-to-laboratory as mdicated by relatively small F-values for the chenucal by labovatory
mteraction as compare to the s1ze to the fwo main effects (Appendix 2 and 3).  The zroup
means and 5Es of the laberatonies and the means and SEs of the indrvidual laborateries are
presented m Appendic 4 to show the conststency of the antandrogenic effacts quantitatively.
The wmeformoty of the response among the lzboratories to sach chenwical is even more obvious
from viewng lustograms of the data in Appendix 5. Hare the data are presented by endpomt and
for the ten mdividual laboratortes. Thas displays the remarkably uniform profile of effacts

among laboratories.

The final set of tzbles summanizes the results by endpoms (Appendix 6). Heve it is easy
to compare B2 and CV values from laboratory to laboratory for each of the five androgen-
dependent organ waight= and body weight at necropsy. The srza of the B2 desenibes the strength
of assoctation of the chemmeal affacts versus vahicle control and the OV deseribes the pracizsion
{vanriability) of the data.

If the all lzboratenies had the same OV on an endpeint then this would indicate that they
ware all dizzecting the fzsues with simular precizion. A logh OV in a laboratory versus the other
laboratories noght mdicate a problem. In a2 few cases the CVs zsemed to be larger than
expected, indicating that the labs had some problems with partienlar endpeints for spacific
chemicals. Forexample, the mgh OV values for the 5V, VF and COWs seen i Labs 5 and 10
arose from a single amimal in each lab from the trenbolone 40 mzke'd dose group. In thass
casas the androgemic affact of the chemical treatment was still apparent. Howaver, lab 7 data
dizplaved wnusually high varability m the conftrol (velucla-treated) group for the VP and
Cowper's glands and dus resuliad in the only two false negatives in the sntive data st These
results mdicate that the laberatory had seme difficulty dizsecting unstimlated small tissues
{most hkely) m the comtrols, erors in dosing, incomplete castration or some other technical

problem.

I sumornary, amalveis of the results of phass thres of the Hershbergar azsay
mterlaboratory study usmg coded samples of known dosage levels of agonists or negatives
produced appropriate and consistent responses among all the laboratonies m 905 of the cases (3
androgen-dependent Sssues with four treatment growps) . Mone of the knowm positives weare
undetected mn any laboratory.

Appendix page 1.

Suremary of effects for Trenbelone at 40 and 1.5 mg'kg/d. These groups are listed
chenucal-by-chamical to display the agomist properties of ths synthete steroid. Blue shaded
cells differ sigmificantly from control (TP-treatad) by p <0.01 whereas vellow shaded cell differ
by g =0.05 but -test from the LEMEANS, The pink color indicates that an effect that should

have been sigmficant was not affected, 1.6 3 “false negatrva”.
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p < 0.05p <0.01 |
Lab Chemical] body entral prostate fseminal vesicle JLABC Glans Penis Cowper's glands Jliver
1 TREN 40 209 343 564 359 57 14.1 77
2 TREN 40 275 72 262 KT 72 21.4 12
3 TREN 40 209 296 108 359 10.3 10.4
5 TREN 40 215 742 169 309 B29* 13.4 B8
7 TREN40 | 239 144 447 90 [ 12 1.9
8 TREN 40 307 144 548 723 19.7 11.9
9 TREN 40 250 303 130 246 85 10.4 16.4
10 TREN 40 238 583 136 7 837 14.4 107
11 TREN 40 262 334 179 427 58.5 101 11.5
13 TREN 40 265 437 165 452 729 18.1 122
* 5P was signicantly stimulated in this lab as indicated by the fact that these males all displayed PPS and the confrols did not
IQ-I % postive/correct responses for androgenicity
| 6 % False negatives
Lab  Chemicaljbody ventral prestate Jseminal vesicle JLABC JGlans Penis Cowper's glands Jliver
1 TREN 1.5 224 20 39 180 44 8.2 73
2 TREM 1.5 313 153 55.4 149 50.8 10.4 123
3 TREM 1.5 236 151 353 172 40.4 6.1 10.8
5 TREM 1.5 230 15 269 106 no data 3.5 B3
7 TREMN 1.5 234 455 54 4 214 67.4 32 13.2
8 TREM 1.5 327 224 70.2 295 51 1 11.8
9 TREM 1.5 320 208 725 177 85.1 7 15.9
10 TREN1.5| 250 149 25 141 328 5 87
11 TREM 1.5 232 154 41.6 216 45.3 3.8 11.5
13 TREM1.5] 301 26.2 61.2 221 52 8.8 13
LABC by lab is
Iil}]% Positive
r Androgenicity
|
Appendix 2.

Summmary of the analvses of vanance for the five androgen-dependent tizsues showing the

magnitude of effect of the chenuieals and the laboratory-to-laboratory vanabtly m phasa 3.

Iote that the chemzcal effacts were fauly consistent from laboratory-to-laboratory as indicated

by relatively small F-values for the chemical brv laboratory mteraction as compare to the size to

the two mam effects. There are statistically significant lab effects in each ANOVA. Thas was
expected and also seen i phases 1 and 2 of the validation studies. These effacts arse because

the laboratories used several different rat strams and even within sham the ammzl body and

organ welghts would be expected to vary. In the Hershberger azsay protocol, factors that we

expected to altar the ability to detact the effacts of androgens and antiandrogens on the fve

androgen-dependant fizsues were standardized but in crder to retam flexabulity m the protecel so

that laboratories could work with animals and conditions that thev were famuhar with other

factors like stram and diet were net standardized because they did not compromise the ability to

detect effects. A lab effect 1s not problematic, whereas a large lab by treatment mmteraction

wonld be because this would mdicate chenmeals ware not acting simidlarly in all the labs.
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RESULTS OF ANOVAS FOR LAB AND LAB BY TREATMENT INTERACTION
no te=.4. not an unknown

All Labs
I __
Effect df F p-value
JBady Weight LABE 4 184 00001
CHEMICAL 2 LiT) 0,000
INTERACTION 35 1 =40
JCV=5.6%
I __
Effect df F p-value
SV LABE g 5.1 0,000
CHEMICAL 4 &7 0.0001
INTERACTION 36 22 00002
fov=54%
I __
Effect df F p-value
JLABC LABE g g 0,000
CHEMICAL 2 arT 0,000
INTERACTION 36 31 00001
Jov=18%
I .
Effect df F p-value
VP LAB g 74 0,000
CHEMICAL 4 40.2 000D
INTERACTION 35 22 00003
JCV=59%
I
Effect df F p-value
G LAB g 110 00001
no lab 5 CHEMICAL 2 a2 0,000
INTERACTION 32 1.3 =11
CW=12.1%
I
Effect df F p-value
JcowWPER LABE 3 82 00001
CHEMICAL 2 63 00001
INTERACTION 38 2 00002
JCV=44%
Appendix 3,

Thus table displays the overall effects of the “unknown” coded chemucal treatments on

organ welghts m phase 3. The data are the means from all ten laboratories and the resulis are

from the LSMEANS t-tests from the AWNOWV A shown in appendiz 2.
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Appendix 4.
Ieans and standard emrors (SE

mdividual laboratories.
<0.01 whereas vellow shaded cell differ by p <0.035 but t-t2st from the TSMEANS. The pmk

color indicates effects that were increased, rather than decreased in an antisndrogenic manner.
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Lab1 Dody welght wendral prosiate camiral veslole LABC 3lanc Fenlc Cowper's glande llvar adranale kldneyc
Mean 2E Wean 8E Mean 2E Mean 3E Meaar EE Mizan 2E Mean EE Mean 2E Mean
o a1 28 183 z ara ER 152 11 418 1.6 BB o= 3 0.4 ES.5 25 1632 &7
OHP 10 221 2.1 131 18 arz 26 175 1z 43.1 1.6 3.5 11 a4 0.os 1.4 47 1e=0 225
HP1ED 2z 5 132 z 40 ER:] 13 1z 43.2 7 a7 oz T 0.24 TH T 1855 55
224 25 F. 13 35 ER:] 150 1z 44 a2 1 7= 04 7.2 4z &7 131
TREM 40 205 48 343 4 BE.4 58 353 30 &Y 1E 14.1 14 T 0.3E T& 25 1818 71
T4 223 33 105 B s 16 353 T ES 23 26 15 BE 0.3z B6.2 34 Tes ED
Lan2 oy waight wsniral progiate csmiral veciols LaBC @ianc Penic ‘Cowparc glandc lver adrenaic klaneys
Wsan BE Maan IE M&an 2E Mzan LE Msan 3E Mazan 2E Maar 2E Misan EE Maan 3E
7 a7 15 21 40 B8 221 B2 44.2 2.8 6 oz 111 0.2 E3.3 45 anz EE
20z am 12 == smE =z =3 = waz s 2 az s [ 123 B ey z=z
303 B 12 iy 403 s 22 1032 41.5 1.5 48 2. 1z 0E 7.8 27 =39 i)
3B Ba il S84 a7 143 168 0B = 102 15 12z 0E 4.8 22 S EE
275 BS L i+ a2 Era | 1= - 29 2.4 42 1z 0E E0.1 =4 Jrae] E2
ot dans
Lan 3 oy waight weniral progiate csminal veciols LaBC @ianc Penic ‘Cowparc glandc lwer
Wsan E Maan IE M&an 2E Mzan LE Msan 3E Mazan 2E Maar 2E
oL 23r B3 124 z 445 a3 172 352 iE B4 15 10e 0.3z
DHP 10 224 B85 25 45 g 47 174 44 45 B o3 114 0E
HF160 228 11 143 iv 3EE 3 183 4337 18 55 1 oE [
238 48 1541 k3 353 £3 T2 404 13 6.1 oz oE 024
208 6.7 :|E 4.3 108 BT 353 E15 o0.s 0.3 23 o4 0.4z
.4 248 4.8 &5 L) 178 22 358 ET.4 32 16.1 2 plei=c) 01E
Lan B body waight waniral progiabe eaminal veslols LABG Slans Penls Cowpar's glande Ilvar sdrenals kldneys
Wiaan Maar IE Maan aE Wean LE Maan BE Mean EE Maar 2E Wisan iE Maar 3E
o 240 B 1841 o HA 28 1z 1z no data EE - as 53 [EE E1.3 47 1528 BO
OHP 10 236 7.3 183 iy El 21 12z 11 no gaty s R BT 03z £7.2 47 1508 a7
HP1ED 223 7 124 2 oy 25 122 45 no gaty £ Q4s a5y [HEES £a.2 25 17 a7
TREN1E 230 6.1 15 17 2E.5 a8 135 (-1 no dats s 235 B3 04 Ei.6 2. 1428 ES
TREH 44 25 ) T2 1= 165 53 303 = EL5 13 13.4 35 BE 0.24 43 2. i=a7 E1
.4 242 56 125 11 238 15 238 1& ETE 23 s 14 k=13 0.4z £8.3 35 gl===3 EE
Lan 7 ody weight weniral progiate csminal veciols LaBC @ianc Penic Cowpars glande lwer adrenaic Klansys
Wizan E Maar IE Maan 8E Wzarni IE Maan 8E Mzan 8E Maar 2E Wizan 8E Maar 3E
7 L] 455 thl SEE 58 233 1= EEE 23 5.8 17 132 04 L5 33 BT
288 B 205 33 ED.E 38 215 1z EE.3 E 4.8 os 13 [ 577 33 32
288 & 443 E4d EE.1 e 138 1E T1E T 14 132 047 7.5 4 188
284 B 485 14 E4.4 ] 212 7 ET.4 a2 11 122 0E 0.7 23 115
239 5 & 144 12 Fal =0 12 15 pht-l 0E #3.8 25 3
200 ER:] = 426 55 822 30 105 2.3 356 13 152 [y “5.2 3 a7
Lab B Dody welght wendral prosiate camiral veslole LABC 3lanc Fenlc Cowper's glande llvar adranale kldneyc
Wiaan Maar IE Maan aE Wean LE Maan BE Mean EE Maar 2E Wisan iE Maar 3E
o 339 s 208 z &7 B 12 53.6 2.8 a2 21 pht-l 58 21 Fabl] 35
OHP 10 323 5.8 13 12 s&2 a7 11 £4.1 2 a2 1 M3 573 3 EE]
HP1ED 24 14 175 1e ElE Ll T E31 2.4 77 oz 12zz Ei.2 2.3 ES
TREN1E v ] 2 11 0.2 7 e & 3 b 2 11& Ei.8 15 BE
TREM 40 oy ar 35 1s 144 11 41 723 5 187 z4 M= 22 2 T4
T4 338 16 128 TE 385 23 36 b 1E 30E 3 124 51.5 33 ZE
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Lab® Dody welght waniral prosiate eemiral vesiole LAEC Zlans Fenls Cowper's glande llver adrenale klcineyc

Wsan BE Maan IE M&an 2E Maan LE Msan 3E Mzan 2E Maar 2E Wean EE LLET 3E
oL 294 17 = ZE 73 48 152 ] 0.2 2.8 74 04 142 03 BB.3 iT M 4
DHP 10 294 57 12 1z EE a3 154 45 EE.Z 2 BE os 145 0.4 B3.1 34 syl 38
HF160 305 11 17 iz ET.Y B 155 TE Ed 13 BB os 1Es 0E 65.2 13 IEE0 &
TREM 1.8 320 B s 1s T1E BT 177 TE B5.1 18 T os == .S 63.5 15 300 48
TREM 43 250 T 303 iv 130 B4 45 7 BS 4.4 0.2 oz 164 .88 58.3 55 e g s
TP.4 339 & 145 1z £24 22 T 1z 114 2.8 1.2 12 1T 0E LCER] zE a7 TE
Lao 10 |oody welght vantral prostabe womiral veclols LABG lans Penls ‘Cowpar's glands Ilver

Wiaan iE Maar LE Maan aE Mean LE Maan BE Maan EE Maar 2E
o 283 T 188 o4 pof 23 137 L] 285 2.3 En os o 0E
OHP 10 52 5 158 14 pi-Se) 2 128 45 8.3 2.8 ER-] os SE 0z
HP1ED 251 5 17 132 IEES 0B 128 = 29.5 1.2 a4 os 0o 0E
TREH 1B 250 53 143 os 25 14 141 BZ 32E 2.4 45 04 27 036
TREH 40 238 6.3 583 4 136 75 7 Fal 537 4E 144 42 or .48
TF.4 2EE 5.2 335 4= 150 7B 3z 11 Ed.4 24 0.4 14 gleh ] 02
Lao 11 |oody weight vantral prostabe omiral vesiols LABG Sians Penic ‘Cowpars glands Iver

Wizan 8E Maan IE Maan 8E Mam IE Maan 8E Mzam 8E Maarn 2E
oL 281 12 15 z1 a2 E5 154 1 18 5.8 os 1A 032
OHP 10 285 5 158 iy 3EE 5 133 1z 0s a4 a7 woT 0.4z
HP1ED ITE 28 188 21 4a0.% 4B 172 e o0.s 586 os 121 0as
TREN 1.8 282 B 124 132 416 a7 21 71 1 5.8 o7 "E 0.2e
TREN 40 262 2.3 234 e 178 s 47 1= .5 0.1 11 "E 0as
7.4 20E B.1 122 104 420 134 e b1 1B LR 33 128 0.4%
Lab 13 Dody welght weniral prosiate camiral vecioles LABC 3lans Fenlc Cowper's glande llvar adranale kldiney

Wsan BE Maan IE M&an 2E Maan LE Msan 3E Mzan 2E Maar 2E Wean EE LLET 3E
oL 303 B3 22 1.3 E4.2 24 1 (-1 53 33 B85 o3 12z .38 58.8 EE-) 2110 25
DHP 10 30s (5] 24 07| =24 34 1 7T 4.8 23 B os 1z 052 B1.5 43 =0 EE
HF16D - TI 20E 0.E g1 28 173 0 E4E 232 Ta a7 135 [y 57 iz 344 ZE
TREN 1.8 e} &1 6.2 e 1.2 L5 = 146 g2 1 LN 1 12 (=3 £0.2 21 gl TE
TREN 40 288 11 437 4.7 1BE 15 452 14 728 13 18.1 241 122 (=23 43.3 2z provn] 52
7.4 3z B 187 20 43 22 44 4 8951 33 7A a7 128 083 503 4z 435 55

Appendix 5.

Histograms of the means and SEs prepared with Loms Freelance are provided here by
endpoint for the fwo groups of laboratories and for the ten individual laboratories. The large
main bar with accompanying value is the mean and the small bar stacked on top 15 the standard
error of the meeas. These graphs display the remarkably uniform profile of effects among

laboratories.

June 2005
prepared by LE Gray Jr

Hershberger Assay
phase 3
Agonists and negatives
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Appendix &,

The data are summarized hers for each endpomt for the ten laboratories mdrdually
order to display the B2 and CV values m 2 moanner that the shrength of the chemmeal effacts (B2}
and precision (CV) of the data can be easily compare amonz the laboratenes for consistancy.
There were a few mmmsually large CVs. These do not always indicate that a lab was lass
proficient in thelr dissections than the other laboratoazes.
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radiweiﬂht Means of Coded Chemicals [p=0.05 p<0.01 False
Lab 1 Lak 2 Lak 3 Lab & Lab 7 Lab B Lab 3 lab 10 Lab 11 lab 13
oIL 221 317 237 240 275 338 314 283 221 303
DNF 10 221 315 254 238 268 323 34 252 285 a0s]
NP150 212 303 225 223 265 324 309 281 278 287
TREM 1.5 224 318 238 230 284 327 320 25 232 301
TREM 40 208 275 208 215 238 307 200 238 - 282 285
R2 33 58 41 27 55 42 30 T a4 45
CV 4, 5.2 2.5 7 5.2 4.1 5.5 5.7 3T -3.."_|
ventral prostate
Lab 1 Lak 2 Lak 3 Lab 5 Lab 7 Lab 8 Lab 3 lab 10 Lab 11 lab 13
oIL 18.3 18 18.4 15.1 48.8 22 16.8 18 2
ONF 10 18.1 15.2 20.8 15.3 20.5 18 15.8 i5.8 24
NP150 18.2 14.2 143 134 4 2 17 17 18.8 20.5)
TREM 1.5 20 15.3 15.1 15 48.5 202 145 8.4 28.2
TREM 40 343 T2 28.8 T4 70 30.3 58.3 334 43.7)
P
R2 57 B1 ar 55 27 [ 32 4 T2
CV 28 45 35 21 B2 7 23 110 25 21
Seminal vesicle
Lab 1 Lak 2 Lak 3 Lab 5 Lab 7 Lab B Lab 3 lab 10 Lab 11 lab 13
QI T4 40 41.5 311 58.8 57 278 42 G1.2
DONP 10 av2 48.8 aTe a0 &0.5 552 25. 388 8.4
NP150 40 40.3 38.8 30.7 G5.1 3.8 268.5 408 58.1
TREM 1.5 35 58.4 353 28.8 54 4 70.2 25 418 &1.2
TREM 40 804 .'_‘EE 108 168 144 144 138 178 5
R2 52 57 5e 53 82 =4 77 25 21 51
CV 20 41 24 101 23 21 182 168 43 22
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LABLC
Lab 1 Lab 2 Lab 3 Lab 5 Lab T Lab & Lab 3 lab 10 Lab 11 lab 13
oIL 152 [=ER 178 112 233 270 1682 137 164 181
DNP 10 178 BE 174 102 215 204 154 128 180 181
NP150 181 @22 1680 100 1688 240 1508 128 178 178
TREMN 1.5 120 148 172 108 214 205 T 141 218 221
TREM 40 358 371 358 308 447 548 545 317 43? 452
R2 50 B3 T =15 a7 21 ¥0 2e 81 g5
CV 21 20 21 25 15 18 14 15 14 11
.
Glans Penis
Lab 1 Lab 2 Lab 3 Lab & Lab 7 Lab & Lab 3 lab 10 Lab 11 lab 13
N
oIL 428 44 3 382 no data B6.5 53.8 70.2 28.5 EER 53
DNP 10 431 43.8 44 no data 66.3 541 8.2 28.3 41.8 548
NP150 43.2 41.8 43.2 no data 728 53.1 G4 28.8 425 548
TREM 1.5 44 50.8 40.4 no data G7.4 51 G5.1 328 458 52
TREMN 40 a7 :E 52.9 G52.9 20 723 25 53.7 58.5 72.9
R2 58 7 45 48 [ &0 ] a2 T2
CV 11 12 13 14 10 10 20 g8.7 EII
Cowper's glands
| Lab 1 Lab 2 Lab 3 Lab & Lab T Lab B Lab 3 lab 10 Lab 11 lab 13
aIL .8 38 a. a5 8.8 8.2 7.1 4.1 5.8 2.5
DNFP 10 8.5 5.1 5] a5 4.8 8.2 .G 18 4.4 g
NP150 a7 4.8 5.5 ar 7 7.7 g8.8 4.4 5.6 7.4
TREM 1.5 8.2 ‘ 10.4 .1 a5 3.2 11 T 4.5 5.8 8.8
TREM 40 14.1 31.4 10.3 13.4 ‘E 10.7 10.4 14.4 10.1 18.1
R2 55 87 23 54 52 55 54 7 ] 70
CV 27 5 51 72 44 38 20 78 28 EEI
Liver
Lab 1 Lab 2 Lab 3 Lab & Lab T Lab & Lab 3 lab 10 Lab 11 lab 13 I
Il 8.5 1.1 10.8 8.3 13.2 11.8 148 10 111 25
DNP 10 g.4 11.2 11.4 = 3 11.3 148 8.8 10.7 13
NP150 7.1 12 10.5 8.y 13.2 12.2 16.9 10.1 121 13.8
TREM 1.5 7.3 12.3 10.8 2.3 13.2 11.8 158 8.7 11.5 13
TREM 40 7.7 12 10.4 8.8 1.8 11.8 16.4 10.7 11.5 22
TP.4 8.5 MO DATA 10,28 0.5 15.2 12.4 18.7 10.1 12.8 =
Rz 35 13 11 25 18 i1 32 15 28 15
CV 10 11 10 11 2] 2.4 8.2 10 7.1 11

Mote regarding the CVs for the SV, VP and Cowper's gland weights

High CV arises in Labs 5 and 10 from a single high Tren 40 value in each data set
nate that this did not affect the ability 1o detect the inceases in VP, 5V or Cowper's gland weights.

High CV in lab 7 iz due to high variance overall in control and trenclone 40 groups for VP and Cowper's glands
nate that this did preclude detection of effects, causing false negatives
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Appendix 7.

The following table lists the data used m the caleulation of the comrelation coefficient
describing the stength of association between the treatment effects from trenbelone at 1.3 and
£0mgkz'd and 0.4 mz TP'kg/d from phases 2 and 1. respeetively, 2 with the effects seen herein
i phase 3. These were used to develop the graph shown within the text of the docmment. The
effects gbserved in phase 3 were remarkably sinular to those seen earlier in phase 2,

demonstrating that the androgens produced reproducible responses.

IEurreIatiun of effects from phase 1 or 2 studies with phase 3
Shown as percentages of concurrent control values
[Tissue Expected from Observed in

Phase 1 ar 2 Phase 3
VP TREM 1.5 118 2g
VP TREM 40 211 25
VP TP .4 Taz 45
SV TREM 1.5 a7 100
SV TREM 40 21 323
SV TP .4 o452 725
LABC TREM 1.5 109 111
LABC TREM 40 187 220
LABC TP 4 2ag 250
BWT TREM 1.5 102 ag 2
BWT TREM 40 a1 oo
BWT TP .4 106 102
GP TREM 1.5 100 100
GP TREM 40 130 138
GP TP .4 178 185
COWS TREM 1.5 102 110
COWS TREM 40 2m 228
COWS TP .4 545 47E
R2 LINEAR =0.96 r=298

105



ENV/IM/MONO(2007)20

ANNEX 4 — REPORT OF THE LEAD LABORATORY ON EXPERIMENTS WITH
ANTAGONISTS

Please note that information may be repeated as some of the tables from this annex have already
been inserted in the report. However, the OECD Secretariat did not want to change the document prepared
by Dr Earl Gray.

Hershberger Interlaboratory Validation Study

Results of Phase III using coded chemicals.

Experiments with Antagonists in Ten Laboratories

Endocrinclogy Branch, Reproductive Toxicology Divizion
NHEEEL, ORD, USEPA
MD 72, 2525 Highway 54, RTP, NC 17711
gray.earld epa.zov

Introduction
I our vole a5 the lead laboratory m the OECD Hershberger Aszay Validation we recaivad
datz from Phase 3 axperiments from Dr W Chwens, acting on behalf of the OECD, and the

labeoratonas for analysis and mterpretation. The following ave the results of this effort.

In phase 3, tan laboratories from Europe, the UK, the USA and Asiz (Japan and Korea)
racerved coded samples from OECD for evaluation in the standardized Hershberger assay for

“antiandroganicity”.

Chemicals were admumstered orally at prescnbed dosage levels concmrenthy with
testosterons proplonate (TF) to determine if they attannated the offact of zowth strmlating
effect of TP m Sve androgen-dependent tissues (semmnal vesicls (3V), vential prostate (WF),
levator am plus bulbocavernosus (LABC), glans pems (GP) and Cowper’s glands). In addition,
body weight was monitered threughout the tan day experiment, and body, liver, kidnay, and
adrenal weights were taken at necropsy (In some but not all lsboratories). Seven of the

laboratonas adomnisterad TP s at 0.4 me'ke/d whereas the thres from Japan used 0.2 mz
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TPkez/d.

The chemieals melnded p.p” DDE at 16 and 160 me'keg/d lonwen at 10 and 100 meks'd,
nouylphenol at 130 mg'kz'd, dmiwophenel at 10 mgks/d, and flutzamede at 3 meks'd Com ol

(the vahicla in some laborztories) also was included as a treatment in somie of the lzboratories.

All of these antiandrogeme chemcals (p.p” DDE, linmron and fufamide) ware evaluated
garlier m Phasa II of ths vahidation effert and nenlvphenel and dimstrophenc] ware admuimistered
as kmown negatives. The ohjective of the study was to demonsthate that ten laberatories could

get the “correet” responzes for all the chemmeals on all androzen-dependent Szzues when the
chemzcals wera provided to them as wmknown coded samples.

Statistical Methods

Fiaw data were taken from submutted Microsoft Exes] 2003 spreadsheets, converted to
text files and medifiad for statistical analvsis usmg WerdPerfect 9 software, The text fles were
submrtted elactromieally via FTF using the NHEEEL mtranet to an IBM mamframs computer
uzsing SAS (1) propristary Software Ralease 8.2 (TS0, Licensed to US ENVIRONMENTAL
PROTECTION AGENCY, Site 00435713001 noning on IBM Moda] 9672

The results presented harsin are one- way ANOVAs (mam effact of the chemieals for
gach laboratory) and two-way ANOVAs (with lsboratory and chenueal as the two main effects )
from PROC GLM. In addition, because on group of ssven laboratories used 0.4 mg TPke'd and
the second group of three laboratonies nsed 0.2 mg TPks/d the data wers anzlyzed by group and
also will all ten laboratories pocled.

Post hoc comparisons were generated uzing the LSMEANS option of PROC GLM which
15 a two tatled t-test. T-iests being appropriate for tus study because we have a pnon
expectations about the affacts of the different doses of the chenucals. In addition, as a screening
assay, false posifives are more tolerable than false negatives that might result from using a more
consarvative post hoc test. It1s also our objective to keep ammmal use to a nunmmm o using a t-

test enables us to detect weaker effacts with a sample size of six rats per group than does 2 more
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consarvative post hoe tast.

Means, standard errors (SE) and coefficients of variation (V) were generated usmg
PROC MEANS on SAS. The CV 15 the standard deviation divided by mean and provides an
mdax of the dizssction pracision of the organ weight data 1n a laboratory or zroup. SAS
ANOYVAs also provides B-square (F2) vahues (B2 bemg the vartation due to labotatory or
chemicals drided bv the total variation) which 15 an index of the robustness of the effacts of the
chemucals in sach laboratory. The expectation 15 for OV values sinmlar to those seen m Phase |
2 of the validation effoat and that al the laborateries would have smular B2 values.

SAS results were then transnutted by FTP to an external hard dizve i moy laboratory and
converted fom text files to WeordParfact fles for printing. The results from these sheets wers
then enterad into Microsoft Excel spreadshests to summarize the results of the data analyzes.
Subsequently, the Excal sheets ware printed to for thos report to pdf files using Adobe Acrobat
5.0 software.

Graphs of istomams of the means and standard emwors of the mean for the weight data
are prassnted individually for each laberatory and pooled over the labovatories. The zraphs were
prepared usng Lotus Freslance Graphics 9.7 for Windows. Graphs were aranged by endpoint
for the ten laboratorias so the repeatability of the effects of the chemueals from lab-to-lab was
easily appavent. This file was then alse converted to a pdf file for inclusion in the report.

Results

One of the objectives of the mterlaboratory study was to demonstrate that ten laboratomes
could zet the “comect” responses for all the chenueals on zll androgen-dependent tissuss.  As
pp’ DDE at 16 and 160 mzkg/d, limwen at 10 and 100 mgke'd and flutanude at 3 meks'd
ware used m either phaszes 1 or 2 stadies of this validation exercize we have spacific expectations
about the quantitztrve affacts of these five teatment groups on bady werght, Irver weight and the
five androgen-dependent organ weights. We expected and observed the following effects:
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1. Liver weight mncreazes with p.p” DDE at 16 and 160 mzkz'd
2 Decreased body weight with pp” DDE at 160 and lhwwen at 100 mzkz'd
i Feduced androgen-dependent organ weights with p.p’ DDE at 160 mekg'd

lmwon at 100 mzkz'd and flutamde at 3 mgkg'd.

When all the affacts of these five hreatment sroups on the seven endpoints (body, liver
and five androgen-dependent tissues) were comelated with the effects seen previously i Fhasze 1
or I studias 2 lnghly sigmficant positive relationslop was found having a correlation coafficient
of r = 875, The expected and cbsarved effects wers caleulated as percent of concumant control
vahues with the TP 0 4mzkg'd zroup as the conwol (zeven laboratories using 0.4 mz TP kg'd).
Flutzmides predictions werse from phase 1({from five labs vsmg TP at 0.4 mg'kg/d) and lnmron

and pp’ DDE were denved from phase 2 data (from four labs using TP at 0.4 mz'kg/d).

Observed versus Expected Effects in
Phase 3 Hershberger Assay validation study

160
140 ==
120 V-

100
80
60

40
- Chrrelation coefficient = .975

204 —H4=

Observed Effects in Phase 3

0 25 &0 75 100 125 150 175
Expected Effects from Phase 1 or 2
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If one considers that there 5 androgen-dependent tissues were measiwad in fen
laboratonies than Flutanude and p.p’ DDE at 160 mzke'd vieldad 56% positive hits (2% of the
nuzzas for these two chenucals arose when one lab could not measwes glans pens weight
because the prepucs had not separated) (Appendix 1), Administration of linuron at 100 mekz'd
produced 90%: posttive responses. The low doses of p.p’ DDE and lnwron produced 40% and
18% posttive responses. We dd not expect the low dose of either of these chemucals to produce
consistent positive responses based upon earlier validation studiss and, i fact, there ware nora
potent as antiandrogens hersin than in phase 2 stadies.  Dimtrophencl and nonylpheno] ware
negative vielding only 5% and 14%: positive responses on the androgen-dependent tissues.

Anzlvzas of variancs for the fve androgen-dependent tissuss revaaled that the magmimde
of affact of the chemicals and the laboratory-te-laboratory vartability m phase 3 were all vary
statistically sigmificant. Importantly, the chemmeal effacts were famly consiztent from
laboratory-to-laboratory as mdicated by relatively small F-values for the chemmeal by laboratory
mteraction as compare to the size to the two main effects (Appendix 7). When the analy=is was
conducted separatelv for the two groups of laboratores that wsed erther TP at 0.4 mz/ke'd (7
labs) or 0.2 me'kg'd (3 lzbs), both protocols vielded simlar results (Appendie 33, The mroups
means and SEs of the two groups of laboratornes and the means and SEs of the mdrvidual
laboratorias are presented m Appendms 4 to show the consistency of the antiandrogenic effects
gquantrtatively. The vmiformoty of the response among the laborateries to sach chenueal is even
mere obvious from viewing histograms of the data in Appendix 5. Here the data ave prasented
by endpoint for the two zroups of laboratones and for the ten indrviduzl laboratories. Thus
dizplays the remarkably uniform profile of effects among laboratories.

The final set of tzbles summarizes the resulis by endpowst (Appendix &), Hers 1t 15 easy
to compare B2 and CV values from laberatory to laboratory for each of the five androgen-
dependent organ weights and body weight at necropsv. The size of the B2 desenbes the strength
of assoctation of the chemmeal affacts varms TP control and the TV desenbes the precision
{varizbility) of the data. If the all laboratores had the same CV on an endpoint then tas would
mdicate that they were all dissectmz the tisswes with simlar precizion. A ngh CV m one
laboratory versus the other laboratories mught mdicate 2 problem.  However, all the CVs sesmed
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to be withm a reazonabls range, mdicating that the dissections had been consistent. Ifthe
chenmeal sreatments all had the same magnitode of respeonse m 2ach laboratory then the B2
walues were be sinular among laboratories, given that the vanances were neot markedly diffsrent.
Indeed, there was only one case m which thiz was not the case. In laboratory 5 the B2 value for
the affact of chemmeal traatments on the glans penis was lower than the other 9 laboratorzas. Thos
arose bacause they were unable to obtain glans penis weights with seme of the azomals treated
with the potent antiandrogens biasing the means as the most affected anmmals could not be
meznwed.  In fact, for the fiutamide group m the laboratory, no glans penis weight data are
avalable. Hence, tlus low B2 value arises from the incomplete natwe of their data sst for glans

penis weight.

Inn sumoanary, analysis of the results of phase three of the Harshberger assay
mterlaboratory study usmz coded samples of known dosage levels of anfagonizts o1 negatives
produced appropriate and consistent responses among zll the laboratones. None of the knowsn
posttrves ware imdetected in any laboratory, In fact the positrve responses were quite strong.

Culy a few “falze” positive responses were s2en with the “kneown” (or suspected negatives).

A simmlar report om the studies with the coded azonists 15 In preparation.
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Appendix page 1.

Suremary of effects listed chemical-brv-chemmeal. Blue shaded calls differ sigmificantly
from coutvel (TP-treated) by p =0.01 whereas vellow shaded c2ll differ b p <0005 but t-test fom
the LSMEANS.

Appendix 2.

Sunomary of the analyses of vanance for the five androgen-dependent tissues showmng the
magnitude of effect of the chemicals and the laboratory-to-laboratory vanability m phazs 3.
Mate that the chenucal effacts ware fanly consistent from labovatory-te-laboratory as mdicated
by relatively small F-values for the chenueal by laboratory mteraction as compare to the zize to
the two main effects.

Appendix 3,

Fasponses of the androgen-depandent tizsues were very sinular m the two zroups of
laboratones that varied the dose of TP nyected from 0.4 to 0.2 mg'ks'd. The p - value iz
provided for each endpoint by chemical showmgz the consistency of the results using two
protocel modifications.

Appendix 4.

Meaans and CV's of the androgan-dependent t1sswes presented for the two groups of
laboratones (using different doses of TP) and for the ten individual laboratordes.  Blue shaded
calls differ significantly from control (TP-treated) by p =0.01 wherezs vellow shaded cell differ
by p =0.05 but t-test from the LEMEANS.

Appendix £,

Histograms of the means and SEs preparsd with Lotus Freslance are providad here by
endpomt for the toeo proups of laboratories and for the ten mdividual lzberatories. Thess graphs
dizsplay the remarkably umform profile of effects ameong laberatories.

Appendix 6.

The data are sursmanized here for each sndpomt for the ten laboratones mdrndually m
order to display the B2 and OV values m a manmer that the strensth of the chemmeal effacts (B2}
and precision (CV) of the data can be easily compare among the laboratones for consistancy.
There wers no wmexplaned low B2 values and no vousually large CVs.

Appendex page 1.
Summary of effects lizted chemucal-byv-chemucal. Blue shaded cealls differ sizmificantly from

control (TP-tmeated) by p =0.0] whereas vellow shaded cell drffer by p =20.03 but t-test from the
LSMEANS,
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Lab Chemical body wentral prostate seminal vesicle LABC <I3hn5 Penis Cnlwper's glands liver adrenals kidneys
1 DODE 16 207 T 723 53 13a 2 73 29 2 1 19.8 3 04b 0.18 556 k) 1785 BS
2 DODE 16 M5 178 13 502 406 24 B1 2 18 16 D.48 602 a3 2302 47
3 DODE 16 46 B4 .5 181 232 5 62 0.1 137 D.54
8 DODE 16 46 320 216 13 58.4 17 18 D.12 0.1 1.8 51
7 DODE 16 288 ara 544 33 85 4 a5 16 oe 821 a2 52
B DODE 16 363 28 96 75 69.5 24 18.1 o0& 1.1 24 &0
B DODE 16 ] 560 M 1 112 25 19.0 D.24 613 1.8 46
10 DODE 16 266 144 an 12 53.8 oe 125 D.34
1 DODE 16 3 357 436 34 72 3 177 0e
13 DODE 16 323 324 96 e B4 24 15.95 0.53 58.6 14 2329 B1
403 positive for antiandrogen
Lab Chemica’ body minal vesicle Cowper's glands liver adrenals kidneys
1 DOE 160 200 12 . oe 123 0.29 £ 1783
2 DOE 160 262 B 124 14 19 12 2050
3 DOE 160 228 1 113 2. 774 24 7. 1.1
8 DOE 160 221 B. 17 7 oe 16.24 12 1885 BE
7 DOE 160 250 2 4 &7 4.1 182 18 203 2 2184 152
B DDE 160 316 1 15 &0 2 176 197 12 2308 B2
o DDE 180 328 a0 17 T 253 15 6.4 oo 250 66
10 DOE 160 240 2 55 49 D.34 17.25 D.49
il DDE 160 i | L 20 10.5 18 28 18
13 DDE 160 4B n E 47 13 B3 12 186 12 555 1.8 2152 102
863 positive for antiandrogen
Lab Chemical body wentral prostate seminal vesicle Cowper's glands liver adrenals kidneys
1 CNP 10 nm 4 100 24 206 a0 27 ey -} 23 6.3 02 02 21 1505 4
2 55 m 16 504 a7 40 48 138 D.34 a2 1.8 2338 o]
3 6.2 [ix] 5.8 182 14 15 o7 105 0.23
8 47 134 15 336 12 2655 23 1 [1k:] 50 a2 1715 50
7 7 178 21 457 35 30 3 184 04 a0 26 2344 56
B B2 104 6 385 17 41 41 135 D.43 576 1.8 2242 &0
B 48 166 pe 578 12 433 18 17.08 041 27 24m 61
10 39 85.9 1.9 186 12 16.2 14 10.82 0.35
1 BS 120 13 440 13 3 1 15.1 D.35
13 45 133 8 412 20 334 22 137 D.22 ] 24 2342 14
8% positive
Lab vE seminal vesicle LABC Cowper's glands liver adrenals kidneys
1 g Mb 1 1582 b ] B3 12 B8.16 0z 582 24 1809 m
3 B2 54.8 g1 5.3 03 1.1 0.81
8 2 433 T 6 D72 Bg o7 a3 i1 1515 =]
7 11 10 15 1 24 1593 oe 656 48 2335 66
B BE BB4 31 128 o7 135 04 a1 1.8 2243 BT
B B2 m 6.4 201 12 18 06 07 R 2340 =]
10 81 282 5 47 os 10 0.33
1 g 65.9 48 1032 14 15 oe
13 10 76.3 4.4 222 21 &1 12 15 135 1 5885 21 2194 B2
863 positive
Lab Chemical body weniral prostate seminal vesicle LABC Glans Penis Cowper's glands liwer adrenals kidneys
1 LINUROMN 1 D4a B4 T 137 23 17 18 848 550 25 1828 ar
2 LINURON 1 351 196 6.8 423 30 48 ] 142 622 18 2410 3z
] LINUROMN 1 245 T2 6.3 218 22 36 1.1 108
5 LINURON 1 42 144 0 354 el 38 22 o1 45 2 1587 42
7 LINUROMN 1 314 153 18 47 a0 12 26 173 & 23 2420 T3
] LINUROMN 1 363 az BB 253 23 12 24 1458 585 26 2407 a3
] LINUROM 1 M7 142 53 524 10 24 04 176 575 23 2528 o4
10 LINUROMN 1 264 &1 4.4 155 13 25 12 104
n LINUROMN 1 335 115 1" 357 16 12 25 15.58
3 LINURONM1 3 134 0 7 25 25 7 128 5.5 32 2184 B1
18% positive
Lab Chemical body weniral prostate seminal vesicle wper's glands liwer adrenals kidneys
1 JNURCN 1D] 1966 22 584b 4.4 1 128 o5 833 07 575 a5 1583 a 48
2 NURCN1D| 283 B3 38 1 26 26 a5 15 2082 Bz
] ZINURCN 10| 233 4 8 82 104 06
5 _INURON1D] 222 7 13 12 12.28 18] 585 2] 1818 57
7 ZINURCN 10| 270 17 10 22 222 1 544 44 2233 64
] ZINURCN 10| 331 43 127 18, 13.4 16 686 a2 2227 66
B _NURON1D| 316 45 17 290 86 05 18 (8 4 2444 62
10 _INURCHN 10| 246 24 33 156 8e B3 o7 0.3s
n ZINURCN 10| 310 10 18 236 19 a7 0.33
13 JNURCN D) 283 0 18 263 20 18 0.35 w2 28 2238 54
80% positive
Lab Chemical body weniral prostate seminal vesicle lans Penis liwer adrenals kidneys
1 NP 150 04 32 @ 43 212 17 M 70 2 6.9 5 6 1748 40
2 NP 150 3ze 10 181 1" 681 40 12 B3 3, 13.85 813 8 2474 TE
3 N= 150 7 o5 T2 0 5 3 30 2] 42 118
] NP 150 221 7 16 .5 345 65 28 66 8 7 483 2 173 7o
7 NP 150 283 6.6 162 19 468 45 23 808 32 158 531 a5 247 104
E NP 150 346 @ 132 7 334 2 13 E2 32 15.1 57.6 16 24248 265
] NP 150 37 BB 156 ] 551 26 7 111 2 128 594 15 2818 B4
o NP 150 263 73 &2 31 19 16 18 61.2 132
1 NP 150 326 67 135 53 406 29 2 58
13 NP 150 307 10 142 14 437 40 5 862 142 543 i1 2318 11
14 % positive
Lab body veniral prostate seminal vesicle LABC lans Penis liwer adrenals kidneys
2 323 1 15 29 42 34 122 54.1 118 024 T84 5 2135
7 286 &7 6.8 5.2 131 532 127 os 581 . 2147 2
] 43 10 085 73 293 528 133 04 (8] 8 2178 ET
10 260 71 0.8 125 119 204 10.02 o4
n 313 a8 11 8 34 218 50 13.78 0.29
13 303 7 14 54 21 193 502 120 05 57 44 2108 E7
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Lab Chemical body weniral prostate seminal vesicle LABC lans Penis Cowper's glands liver adrenals
1 TP4 216 31 871 178 16 1 4.1 nry 12 B.58 D13 618 24
2 TP4 338 14 540 a2 13 6. 40. 72 135 o7 576 a2
3 TP4 246 2 198 17 17 5, 5.5 16 1.1 04
8 TP4 245 [} 5 358 23 29 3. 30 41 9.65 0.23 825
7 TP4 301 12 25 426 k)| 24 2 352 24 16 1 523
B TP4 340 68 LX) 464 43 22 28 438 3z 133 04 B4T
B TP4 M7 T4 10 567 20 14 2 40 2 173 os 815
10 TP.2 267 67 102 T 195 16 206 18 60.2 2 18 104 o4
1 TP.2 332 58 145 8 470 a0 495 5 ] 56 33 15.04 oe
13 TP.2 35 BS 150 13 460 40 518 a0 035 12 27 13.85 o7 495 34
Appendie 2.

Summmary of the analyses of vanance for the five androgen-dependent tisswes showing the
magmtude of effect of the chemzeals and the laboratory-te-lzboratory vanability m phaza 3.
IMote that the chemucal effacts were fanly consistent from laboratory-to-laboratory as mndicatad
by relatively small F-values for the chemieal by lzboratory mteraction as compare to the size to

the fwo mam effects.
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RESULTS OF ANOVAS FOR LAB AND LAE BY TREATMENT INTERACTION

Group 1 IGroup 2 Labs 10,
Labs 1-9 11 and 13
I __
Effect df F p-walue df F p-value
[Body Weight LAB a 355 0.0001 2 104 0.0001
CHEMICAL T 18 00001 7 bl 0.0001
INTERACTION 41 14 NS 14 11 NS
I __
Effect df F df F p-value
SV LAB i 133 2 158 D.0001
CHEMICAL 7 100 7 a5 0.0001
INTERACTION 41 kL 14 535 0.0001
— __ __
Effect df F clf F p-walue
JLABC LAB i 146 2 108 0.0001
CHEMICAL 7 151 1 7 f4 0.0001
INTERACTION 41 35 0.0001 14 2 0.03
E— __
Effect df F df F p-value
VP LAB i 1l 2 50 0.0001
CHEMICAL 7 85 7 a7 0.0001
INTERACTION 41 24 14 2 0.0z
E— . .
Effect df F p-walue df F p-value
GP LAB i 235 00001 2 a5 0.0001
CHEMICAL 7 48 0.0001 7 73 0.0001
INTERACTION 3B 1.1 N5 14 1.8 0.05
I __
Effect df F df F p-value
JCOWPER LAB i 11 2 a2 0.0001
CHEMICAL T 83 1 T 40 D.0001
INTERACTION 41 24 00001 14 3 o2

Appendre 3.

Fesponses of the androgen-dependent tizsues were very sinular m the taro groups of
laboratones that varied the dose of TP ugected from 0.4 to 0.2 mgkz'd. The p - value iz
provided for each endpoint by chemeal showimg the consistency of the resulis uzing two

protocol modifications.
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SROUP 2 JALL TEN
LABS 10-12 LABS
P

0.0001

0.00M
0.03

0.00M

0.0001

0.00M
0.0004
0.0004

0000
0.00M

0.0004
0.ond
0.0004

000
0.00M

0.0001
0.0002
0.0004
0.03
0.004
00001 0.0001 0.0001

GLAMNS PENIS

00001 0.0001 0.001
0.04
00001 0.0001 0.0001

[ 003 LT

a.o001 0.0001 D.hﬂﬂ1
0.0001 0.0001 0.00M1

0.on01 0.0004 0.0004

Appendix 4.

Means and CV's of the androgen-dependent tissues presented for the two groups of
laboratories (using different doses of TP) and for the tex indiidual laboratories.  Blue shadad
calls differ sipmificantly from control (TP-treatad) by p <0.01 wherezs vellow shaded cell differ
by p =005 but t-test from the LSMEANS,
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Hershberger assay Phase 3 Antiandrogens p<0.05 p=001
wvalues are means and SEs
Labs 1-8
Group 1 |body weight wentral prostate  seminal vesicle LABC Glans Penis Cowper's glands adrenals kidneys
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE SE Mean SE
Gl TP.4 292 a7 138 85| 3a0 25 427 17 245 2m 23 2 2148 64
Gl DDE 16 et By 17 72| 247 a2 4 16 786 3 236 177 2154 50
Gl DDE 160 262 8.3 40.3 48 119 5 02 15 65 a6 14.34 1.3
Gl DNP 10 293 a1 137 88| a7 409 17 833 28 322 8 35
Gl FLUT 2 278 10| 36.4 34 BT 10 214 12 B4 a6 108 084 .72
Gl LIN 10 205 0.6 123 T¥| 338 22 a8 15 2 3 30.78 1.75 85
Gl LIN 100 268 7.7 T34 58 131 17 54 1225 742 az 18.75 12 4
Gl NP 130 282 2.6 1 87| 401 29 418 16 B2.87 27 23 1B .59
G1 oI 7 76 25.8 34| 578 42 199 184 533 17 B4 145 12.58 .38
Labs 10-1
Group 2 (body weight wentral prostate seminal vesicle LABC Glans Penis. Cowper's glands liver
Mean SE Mean SE Mean SE Mean Mean SE Mean SE
G2 TP.2 05 77 135 Bl ame 35 440 T4 ae 27.48 22
G2 DDE 16 2.4 102 Bl 270 7 3a2 a2 234 18
G2 DDE 160 1 304 22| B5E 67 183 78 o0
G2 DNP 10 7| 118 75| 348 a0 442 3 280 2
G2 FLUT 2 a1 H 21| 568 54 02 3 a 1
G2 LIN 10 a1 110 71 278 24 429 28 282 21
G2 LIN 100 7.3 56.0 54 133 14.0 251 36 173 21
G2 NP 130 77 120 Bl 3 az 438 28 287 24
G2 oIl 8.7 17.8 0g) 4 34 177 25 5.7 0.84
Group 1
Lab 1 body weight ventral prostate  seminal vesicle LABC Glans Penis Cowper's glands adrenals kidneys
Mean SE Mean SE Mean SE (Mean SE SE Mean SE Mean SE Mean
1TP4 218 31 E7.1 43 178 18 318 41 nr B18 24
1 DDE 16 07 47 723 53 113 23 273 31 198 &5 38
1 DDE 160 200 27 4 23 415 7 142 31 B3 58.1 3.06
1 DNP 10 21 4 4| 208 a0 27 28 21
1 FLUT 2 m 3.8 1 4 3.1 38 03 24
1 LIN1D 04 4.5 7137 23 17 1.7 e 25
1 LIN 100 198 30 23 584 44 178 23 128 35
1 NP 130 04 3.2 43 12 17 342 pal 26 28 28
Lab 2 body weight ventral prostate seminal vesicle LABC Glans Penis Cowper's glands liver adrenals
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
2TP4 338 14} 185 ) 82 487 18 a22 8.1 401 T2 135 3z
2 DDE 16 345 7| 178 13[  5e2 122 408 24 81 23 422 18 18 042 33
2 DDE 160 262 1 51 o =t E 13 ] 50 35 124 14 19 1.2 7z
2 DNP 10 355 5.5 am 16 504 78 424 97 a3 41 40 48 128 0.24 18
2 LIN1D 35 7.7] 198 66 423 a0 430 2 oo 40 48 b2 0.6 18
2 LIN 100 293 a7 949 9.5 278 28 1 78.1 3 26 26 042 1.5
2 NP 1350 3z 10} 181 11 881 40 12 o3 T 411 a1 85 0.6 18
2 0L e 1 15 20( 43 34 432 541 432 475 0.8 18 084 62
Lab 3 body weight ventral prostate seminal vesicle LABC Glans Penis Cowper's glands liver
Mean SE Mean SE Mean SE Mean Mean SE Mean SE
3ITPA 248 g 78 35 108 17 338 73 51 156
3 DDE 16 248 81 84 a5 131 232 62 o 133
3 DDE 160 228 72 23.1 0E&7| 662 167 458 26 774
3 DNP 10 240 8.2 82 56 182 298 8a.5 33 15
3 FLUT3 248 8.2 17.3 16| 548 14, 480 26 58
3 LIN1D 245 3.3 72 83 218 320 ir 36 186
3 LIN 100 233 a7 38 4 5 184 56 16 104
3 NP 130 247 2.5 T2 10 215 AN 320 69 48 182
Lab 5 body weight ventral prostate seminal vesicle LABC Glans Penis Cowper’s glands adrenals kidneys
Mean SE Mean SE Mean Mean Mean SE Mean SE Mean SE Mean SE
STP4 245 & 129 a5 358 341 T 31 30 38 1623 46
3 DDE 16 248 4.6 132 44 229 318 524 24 24 1.8 1658 81
5 DDE 160 m 14 36.8 8.1 60.1 "7 T 13 85
5 DNP 10 2460 47 134 16 338 335 8a.3 3 32 50
5 FLUT3 238 g 33 14 433 154 51 58
SLIN1D 242 10| 144 10 354 323 67 36 2 42
3 LIN 100 222 8.2 ad 7123 200 5.9 a7
3 NP 150 m 7| 18 95 343 332 26 66 5 T 2 70
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Group 1 [continued])
Lab T body weight ventral prostate seminal vesicle LABC
Mean SE Mean SE Mean SE Mean SE
TTPA am 12| 197 25 428 A 543 24
7 DDE 16 238 1 138 7| a7 20 544 38
7 DDE 160 258 22 70 15[ 180 el 287 4
7 DNP 10 238 7| 179 21| 487 18 580 L)
7FLUT3 237 1 58 is[ 1 15 282 24
TLN10 4 10| 153 16 447 o 533 kT
7 LIN100 27 7.5 127 17 244 10 388 22
7 NP 130 233 8.6 162 1o 488 45 587 prc
7 0IL 238 5.7 40 86| 565 52 181 14
Lab g body weight ventral prostate seminal vesicle LAEC
Mean SE Mean SE Mean SE Mean SE
8TP4 348 8.6 147 56| 484 43 502
8 DDE 16 353 4.8 a3 72 M 7 308
& DDE 160 e 17] 38 a7 o3 18 305
8 DNF 10 2ao a3 104 ] 3as 3 548
8FLUT3 348 3.6 35 18| 884 3.1 208
8 LIN10 383 7.5 a2 86| 233 3 443
8 LIN100 n 3.8 4“7 48| 127 137 280
8 NP 1350 48 & 132 T 334 22 409 12
8 Ol 343 10| 22 6 085 729 73 203 56
Lab® body weight ventral prostate seminal vesicle LABC
Mean SE Mean SE Mean SE Mean SE
o9TP4 47 74 145 10 587 29 383 14
2 DDE 16 348 4.5 153 38| &80 27 4 1
9 DDE 160 323 7| a1 0 273 k] 242 17
S DNP 10 348 4.8 188 98| &7 e, 385 12
S FLUT3 347 3.3 551 3| 6.4 285 64
SLIN10 47 T8 142 5.8 524 19 awm 83
9 LIN100 318 41 B7.5 45 348 7 280 a6
9 NP 130 337 3.8 158 6 551 24 393 7
Group 2
Lab 10 |body weight ventral prostate seminal vesicle LABC
Mean s Mean SE Mean Mean SE
10 TP.2 287 8.7 102 7 195 18 308 18
10 DDE 16 Ll 45 74 6 144 12 il 12
10 DDE 160 248 7| 283 24| 365 25 128 55
10 DNF 10 72 g B5.9 18] 188 14 302 12
10 FLUT 3 281 5.1 2485 148 282 15 143 76
10 LIN 10 204 4B a 4.4 155 13 felic) 17
10 LIN 100 248 45 41.4 24| 608 32 158 2]
10 NP 150 263 73 a2 a1 1w 18 308 16
10 OIL 280 71 14.4 06| 238 125 119 28
Lab 11 body weight ventral prostate seminal vesicle LABC
Mean 5 Mean SE [Mean Mean SE
1 TP2 332 5.8 Bl 470 a0 405 a5
11 DDE 16 <) 8.3 20 357 40 428 kL
11 DDE 160 g 22 44 7B 13 218 20
11 DNP 10 332 a5 13| 440 23 530 12
11 FLUT 3 37 B 36| 652 48 238 12
11 LIN 10 335 & 1 357 18 532 n
11 LIN 100 310 57 10 178 12 338 192
11 NP 130 328 8.7 53| 408 29 540 22
11 OIL 313 | 11 48 34 218 0.3
red shading indicates a signifi P in the wrong di foran
Lab 12 body weight ventral prostate seminal vesicle LABC
Mean SE Mean SE Mean SE Mean SE
13 TP2 315 a5 159 13| <80 40 518 30
13 DDE 16 322 10 107 7| 324 24 308 21
13 DDE 160 248 3 36 a7 T4 4 165 18
13 DNF 10 A7 48| 133 Bl 412 24 404 20
13 FLUT 3 33 10 40 2| 783 44 222 il
13 LIN10 an o 134 10 7 25 452 i
13 LIN 100 293 74 [ 10| 180 12 283 2
13 NP 130 a7 10| 142 14| 437 49 480 k)
13 OIL feli) 7| Al 14 54 21 183 46
Appendre 5.
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Cowper's glands

Mean SE
5.2 24
35 35
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ar 26
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Cowper's glands
Mean SE
438 a2
28 24
176 2
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Cowper's glands

Mean SE
40 2
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Cowper's glands
Mean
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565

Cowper's glands
Mean SE
356
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B3
334
12
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s
B3

Histograms of the means and SE: preparad with Lotus Freelance are provided here by sndpoms

for the two groups of laboratenies and for the ten mdividual laberatonies. Thesa graphs display

the remarkably v form profile of effects among laborateizes.
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Mean SE
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80 26
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Body weight

Phase 3 Antiandrogen Lab 1 data
Body Weight g

Phasze 3 Antiandrogen Lab 3 data
Body Weight g
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Phase 3 Antiandrogen All Labs
Body Weight g
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Phase 3 Antiandrogen Lab 2 data
Body Weight g
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Phasze 3 Antiandrogen Lab 5 data
Body Weight g
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Phase 3 Antiandrogen Lab 7 data Phase 3 Antiandrogen Lab 8 data
Body Weight g Body Weight g
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Phase 3 Antiandrogen Lab 9 data Phase 3 Antiandrogen Lab 10 data
Body Weight g Body Weight g
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Phase 3 Anfiandrogen Lab 11 data Phase 3 Antiandrogen Lab 13 data
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Phase 3 Antiandrogen All Labs
Ventral prostate weight Ventral prostate Weight mg

Phase 3 Antiandrogen Lab 1 data Phase 3 Antiandrogen Lab 2 data
Ventral Prostate Weight mg Ventral Prostate Weight mg
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Phase 3 Antiandrogen Lab 7 data Phase 3 Antiandrogen Lab 8 data
Veniral Prostafe Weight mg Fentral Prostate Weight mg
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Phase 3 Antiandrogen Lab 9 data Phase 3 Antiandrogen Lab 10 data
Veniral Prostafe Weight mg Ventral Prostate Weight mg
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Phaze 3 Antiandrogen Lab 11 data Phase 3 Antiandrogen Lab 13 data
Veniral Prostafe Weight mg Ventral Prostate Weight mg
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Phase 3 Antiandrogen All Labs
Seminal Vesicle weight data Seminal vesicle Weight mg
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R & “Jgﬂgf;.ﬁ &
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Phase 3 Antiandrogen Lab 1 data Phase 3 Antiandrogen Lab 2 data
Seminal Vesicle Weight mg Seminal Vesicle Weight mg
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Phase 3 Antiandrogen Lab 3 data Phase 3 Antiandrogen Lab 5 data
Seminal Vesicle Weight mg Seminal Vesicle Weight mg
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Phase 3 Antiandrogen Lab 7 data Phase 3 Antiandrogen Lab 8 data
Seminal Vesicle Weight mg Seminal Vesicle Weight mg

Siiiiiiiil

Phase 3 Antiandrogen Lab 9 data Phase 3 Antiandrogen Lab 10 data
Seminal Vesicle Weight mg Seminal Vesicle Weight mg
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LABC weight data

Phase 3 Antiandrogen lab 1 data

Levator Am-bulbocavernosus Weight mg
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Phase 3 Antiandrogen lab 3 data
Levator Ami-bulbocavernosus Weight mg
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Phase 3 Antiandrogen All Labs
LABC Weight mg
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Phase 3 Antiandrogen lab 5 data
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Phase 3 Antiandrogen lab 7 d:
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Phase 3 Antiandrogen All Labs
Glans penis weight data Glans penis Weight mg
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Phase 3 Antiandrogen Lab 7 data Phase 3 Antiandrogen Lab 8 data
Glans penis Weight mg
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Phase 3 Antiandrogen All Labs
Cowper's gland weight data Cowper's glands Weight mg

Phase 3 Antiandrogen Lab 1 data Phase 3 Antiandrogen Lab 2 data

Cowper's gland Weight mg Cowper's gland Weight mg
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Phase 3 Antiandrogen Lab 7 data Phase 3 Antiandrogen Lab 8 data
Cowper's gland Weight mg Cowper's gland Weight mg
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Phase 3 Antiandrogen Lab 9 data Phase 3 Antiandrogen Lab 10 data
Cowper's gland Weight mg Cowper's gland Weight mg
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Phasze 3 Antiandrogen Lab 11 data Fhasze 3 Antiandrogen Lab 13 data
Cowper's gland Weight mg Cowper's gland Weight mg
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Appendix 6.

The data ave summarized here for each endpomt for the ten laboratordies ndradually in
order to displawv the B2 and CV values m a moammer that the strength of the chemcal effacts (B2)
and precision (CV) of the data can be easily compare among the lzboratones for consistency.

There wers no wmexplaimed low B2 values and no vomsually large TV
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body weight
Lab 1 Lab 2 Lab 3 Lab 5 Lab 7 Lab & Lab & lab 10 Lab 11 lab 13 ]
TP A4 216 338 248 245 301 348 M7 267 332 35
DDE 16 207 345 248 248 258 353 40 266 33 323
DDE 160 200 b 262 228 21 pri] 318 328 2440 271 243
OMP 10 11 355 240 250 268 340 45 72 332 7
FLUT 3 201 a ned 248 238 2B7 248 47 261 327 33
INUROM 9 204 a 351 245 242 314 343 7 264 335 n
NUROHN 1 186 b 203 233 222 270 k) | 316 246 310 293
NF 150 204 320 247 231 253 348 337 263 325 o7
il nd 323 nd ni 265 343 nd 260 313 303
o3 a §] b 23 et g i .
Ccv 4.8 6.8 7.9 23 10 3 5 5 7 g
ventral prostate
Lab 1 Lab 2 Lab 3 Lab 3 Lab 7 Lab 8 Lab 9 lab 10 Lab 11 lab 13
TPA4 ari 185 ] 128 167 147 145 F.2 102 145 154
DDE 16 723 178 i) 132 138 B3 153 DE 16 74 128 107
DDE 160 204 51 231 36.8 70 36 a DE 160 283 28 kil
DMP 10 102 2m 63 134 178 104 166 NP 10 BES.Q 128 133
FLUT 3 26 nd 17.3 3 il 315 55. LUT 3 2485 282 40
INURON 64 196 72 144 153 g2 142 JLINURCM a1 115 124
HURCH 1 434 =] 36 it 127 447 275  JLINURCM 41.4 1.6 i)
NP 130 ag 181 72 116 162 132 156 F 130 a2 135 142
_Dil nd 15 nd nd 41 226 nd IL 14.4 17.7 i
R2 71 68 (i 83 56 BD a5 2 a6 ED al
CcV 31 23 30 22 33 17 14 W 18 25 22
—
Seminal vesicle
Lab 1 Lab 2 ab 3 Lab 3 Lab 7 Lab 8 lab 10 Lab 11 lab 13
TPA 178 540 198 358 426 34 105 478 460
DDE 16 113 a ge2 181 320 a7e 2a1 144 357 324
DDE160f #4150 [ix] aa.e G60.1 160 103 355 73 74
DHP 10 208 504 182 336 457 335 186 440 412
FLUT 3 Mb 546 43.3 101 88.4 2B.2 5.8 T6.3
INURON 4§ a7 423 216 354 7 253 165 57 317
NURON 1] 524k a7 85 128 244 127 60.6 178 160
NP 130 212 631 215 345 468 334 191 406 437
il 432 56.5 2.9 238 43 £4
S T i 2y = ™ y T x|
cv 36 24 20 ) 12 24 22 1% 24
Lab 2 Lab 2 Lab 5 Lab 7 Lab 8 Lab 9 lab 10 Lab 11 lak 13
TP A4 318 467 £ ] 41 543 592 33 P.2 306 425 518
DDE 16 273 406 282 316 P44 306 401 DE 16 281 436 306
DDE160D 142b 113 167 117 257 305 242 DE 160 126 218 165
DHF 10 303 424 286 335 i 543 3B5 NF 10 30z 530 404
FLUT 3 152 b 152 154 262 208 260 LUT2 148 238 222
INUROM 265 a 430 320 323 533 443 31 LINURCN 303 532 452
NURON 1 178 b 252 124 200 e 230 2B0 QLINURCN 156 338 263
NF 150 42 455 320 332 BET 200 k] F 150 308 =40 460
il 122 161 293 IL 118 218 193
R2 T 21 70 22 75 3] 28 2 EE] o a3
CV 17 10 10 16 18 10 E v 13 21 18
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Glans Penis

Lab1 Lab2 Lab3 Lab5  LabT lab10  Lab11  lab13
TP.4 B8 2.2 713 75 254 BD.9 B8 B35
DDE 16 B2 8 B2 5.5 5.4 536 72 8
DOE 160 4498 58 258 87 32 50 60
DNP 10 BB 22 BES BE.3 23 81 75.2 o0
FLuts | 472 20 . 74 303 &0 61
INURDN 4 &1 20 87T 67 a9 B4.5 73 20
NURON i 572 76.1 5 23 417 fa 732
NP 130 70 g3 8o BE.3 B0 18 756 BE.3
il 54.1 532 204 50 50.3
I T T 13 i 2t 11 ' !El
oV 12 12 15 13 o 8 g 8
Cowper's glands
lab1 Lab2 Lab3 Lab5 Lab7  Lab8  Lab® lab10  Lab11  lab13 I
TP.4 217 40.1 15.5 a0 52 438 P 16.4 28.5 35.8
poEte | 128 4237 133 24 35 26 403 JooEte | 1838 EYE 23.5
DDE 160] 023 12.4 774 7 128 17.8 253 fooEten | 4o 105 83
owPio | z1s 40 15 25 55 g 41.1 423 JONF 10 16.2 31 33.4
FLUT 3 5.3 5.8 B 11 12.8 01 JFLuT: a7 103 12
INURDN | 218 48 186 24 27 3 403 Juwumon| 184 57 25
NURCN 1] 128 28 104 1228 23 18.4 225 Juwumron| a3 228 20.9
NP 130 26 411 182 231 4721 36.2 4 P 130 201 285 375
il 435 47 16.3 I az 565 8.3
o 3 ™ i e =t ] o = ?c'l
cv 28 28 20 24 22 21 i 20 o 24
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