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EXECUTIVE SUMMARY

The aromatase assay using human recombinant microsomes was conducted by staff from
three participating laboratories (Battelle, In Vitro Technologies, and WIL Research
Laboratories). The identities of the laboratories were coded as Labs A, B, and C for presentation
of the results (order of labs above is a different order than listed). A positive control study
design was followed in which three repetitions at each of six concentrations of a known
aromatase inhibitor, 4-hydroxyandrostenedione (4-0H ASDN), were tested in at least three
independent replicates. The objectives of this task were to evaluate the responsiveness of the
human recombinant microsomal aromatase assay when performed by the participating
laboratories and to obtain intralaboratory and interlaboratory values for aromatase enzyme
activity and aromatase inhibition (IC50).

The human recombinant microsomal protein concentration (mean:: SEM, % CV) was
determined to be 4.77 :: 0.55 (20.0 %), 6.64:! 0.41 (10.7 %), and 5.68 :: 0.26 (9.2 %) mg/mL for
Labs A, B, and C, respectively. The overall task mean:: SEM protein concentration was 5.70::
0.54 mg/mL (% CV = 16.4).

The human recombinant aromatase activity (mean:: SEM, % CV) was determined to be
0.216:: 0.038 (30.1 %),0.284:: 0.022 (13.2 %), and 0.187:: 0.007 (7.6 %) nmol/mg protein/min
for Labs A, B, and C, respectively. The overall task mean:: SEM aromatase activity was 0.229
:: 0.029 nmol/mg protein/min (% CV = 21.7).

Increasing concentrations of 4-0H ASDN decreased the activity (as a percent of control)
of the human recombinant microsomal aromatase activity and the decrease was dose-dependent.
At 10-6 M 4-0H ASDN, aromatase inhibition was almost complete; the laboratory percent of
control values ranged from 7 to 9 percent. At 10-9 M 4-0H ASDN, there was litte to no
aromatase inhibition; the laboratory percent of control values ranged from 93 to 100 percent.
Overall task mean:: SEM percent of control values at 10-6 and 10-9 M 4-0H ASDN were 8.47 ::
0.85 and 95.3 :: 2.3 percent, respectively. The overall percent CV values over all six
concentrations by laboratory were less than 6, 7, and 16 percent for laboratories A, B, and C,
respectively. The overall task percent CV values ranged from 2 to 17 percent.

The 4-0H ASDN ICso values (mean:: SEM, % CV) were determned to be 89.3:! 3.8
(7.3 %),65.5:! 3.8 (10.1 %), and 83.9:! 6.7 (16.1 %) for Laboratories A, B, and C, respectively.
The overall task mean:: SEM ICso value was 79.5 :: 7.2 (% CV = 15.7).

The principal results of the interlaboratory analysis are summarzed below.

a) The estimates for 10giOICSO were consistent among the three laboratories. The coefficient of
variation among laboratories was about 4% whether replicate 1 in Laboratory C was
included or excluded. The averages and associated 95% CIs were about same including and
excluding replicate 1 in Laboratory C. The variance among laboratories was about 1.4 times
higher than the average within laboratory varance when replicate 1 in Laboratory C was
included, and was about 0.8 times the average within laboratory variance when replicate 1 in
Laboratory C was excluded.
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b) The estimated slope for Laboratory B was slightly smaller than those for Laboratories A and
C, whether replicate 1 in Laboratory C was included or excluded. The coefficient of
variation among laboratories was less than 5% whether replicate 1 in Laboratory C was
included or excluded. The variance among laboratories was about four times higher than the
average within laboratory variance when replicate 1 in Laboratory C was included and was
about three times higher than the average within laboratory varance when replicate 1 in
Laboratory C was excluded.

c) Average background activity control was not significantly different at the end and at the
beginning of each replicate, for each laboratory or across the three laboratories. The
estimated variance among the laboratories was zero or near zero.

d) Averaged across replicates, full enzyme activity control was significantly lower at the end
than at the beginning in Laboratories A and C whether replicate 1 in Laboratory C was
included or excluded. Full enzyme activity control was not significantly lower at the end
than at the beginning in Laboratory B or combined across the three laboratories. The
estimated varance among the laboratories was nearly three times of the average within
laboratory variance when replicate 1 in Laboratory C was included and was nearly two times
of the average within laboratory variance when replicate 1 in Laboratory C was excluded.

In conclusion, the results from this task indicated that the human recombinant aromatase assay
was sufficiently responsive for the laboratories to demonstrate the effects of a known aromatase
inhibitor using the provided assay procedure. Also, this task provided information about the
assay's intralaboratory and interlaboratory varabilty.
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1.0 INTRODUCTION

1.1 Backçiround

The Food Quality Protection Act of 1996 was enacted by Congress to authorize the
Environmental Protection Agency (EP A) to implement a screening program on pesticides and
other chemicals found in food or water sources for endocrine effects in humans. Thus, the U.S.
EP A is implementing an Endocrine Disruptor Screening Program (EDSP). In this program,
comprehensive toxicological and ecotoxicological screens and tests are being developed for
identifying and characterizing the endocrine effects of various environmental contaminants,
industrial chemicals, and pesticides. The program's aim is to develop a two-tiered approach,
e.g., a combination of in vitro and in vivo mammalian and ecotoxicological screens (Tier 1) and a
set of in vivo tests (Tier 2) for identifying and characterizing endocrine effects of pesticides,
industrial chemicals, and environmental contaminants. Validation of the individual screens and
tests is required, and the Endocrine Disruptor Methods Validation Advisory Committee
(EDMV AC) wil provide advice and counsel on the validation assays.

Estrogens are sex steroid hormones that are necessary for female reproduction and affect
the development of secondary sex characteristics of females. Estrogens are biosynthesized from
cholesterol by a series of enzymatic steps, with the last step involving the conversion of
androgens into estrogens by the enzyme aromatase. Estrogen biosynthesis occurs primarily in
the ovary in mature, premenopausal women. During pregnancy, the placenta is the main source
of estrogen biosynthesis and pathways for production change. Small amounts of these hormones
are also synthesized by the testes in the male and by the adrenal cortex, the hypothalamus, and
the anterior pituitary in both sexes. The major source of estrogens in both postmenopausal
women and men occurs in extraglandular sites, particularly in adipose tissue. One potential
endocrine target for environmental chemicals is the enzyme aromatase, which catalyzes the
biosynthesis of estrogens. An aromatase assay is proposed as one of the Tier 1 Screening
Battery Alternate Methods. A detailed literature review on aromatase was performed and
encompassed (1) searching the literature databases, (2) contacting individuals to obtain
information on unpublished research, and (3) evaluating the literature and personal
communications.

Aromatase is a cytochrome P450arom enzyme complex responsible for estrogen
biosynthesis and converts androgens, such as testosterone and androstenedione, into the
estrogens estradiol and estrone. Aromatase is present in the ovary, placenta, uterus, testis, brain,
and extraglandular adipose tissues. Two proteins, cytochrome P450arom and NADPH-
cytochrome P450 reductase, are necessary for enzymatic activity, and the enzyme complex is
localized in the smooth endoplasmic reticulum. The aromatase gene, designated CYPI9,
encodes the cytochrome P450arom and consists of ten exons, with the exact size of the gene
exceeding 70 kilobases. Aromatase is found in breast tissue, and the importance of intratumoral
aromatase and local estrogen production is being unraveled. Effective aromatase inhibitors have
been developed as therapeutic agents for estrogen-dependent breast cancer to reduce the growth
stimulatory effects of estrogens in breast cancer. Investigations on the development of aromatase
inhibitors began in the 1970's and have expanded greatly in the past three decades.
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An in vitro aromatase assay could easily be utilized as an alternative screening method in
the Tier 1 Screening Battery to assess the potential effects of various environmental toxicants on
aromatase activity. Both in vitro subcellular (microsomal) assays and cell-based assays are
available for measuring aromatase activity. The in vitro subcellular assay using human placental
microsomes is commonly used to evaluate the ability of pharmaceuticals and environmental
chemicals to inhibit aromatase activity. In addition, human JEG-3 and JAR choriocarcinoma cell
culture lines, originally isolated from cytotrophoblasts of malignant placental tissues, have been
used as in vitro systems for measuring the effects of compounds on aromatase activity. These
cell lines are also utilzed for investigations on the effects of agents in placental toxicology.

Numerous flavonoids and related phytoestrogen derivatives have been extensively
evaluated for their ability to inhibit aromatase activity for two primary reasons: (1) these natural
plant products can serve as possible leads for the development of new nonsteroidal aromatase
inhibitors; and (2) humans and other animals are exposed to these agents through the diet. In
general, the flavonoids and related analogs demonstrate aromatase inhibition with ICso values in
the micromolar range; however, these compounds lack both the potency and specificity of
aromatase inhibitors developed for breast cancer therapy. Several pesticides have also
demonstrated inhibition of aromatase activity in the human placental microsomal assay system,
with ICso values for aromatase inhibition ranging from 0.04 11M to greate~ than 50 11M.

The human recombinant microsomal aromatase assay was recommended as the in vitro
aromatase screening assay to be included in the Tier 1 Screening Battery. This assay wil detect

environmental toxicants that possess the abilty to inhibit aromatase activity. Prevalidation
studies on human recombinant aromatase (W A 2-24) were conducted to optimize the microsomal
aromatase assay protocol for human recombinant microsomes, demonstrate the utilty of the
microsomal assay to detect known aromatase inhibitors, and compare the performance of a
human recombinant assay system and the placental microsomal assays.

1.2 Task Description and Obiectives

In this task, the aromatase assay was conducted by staff from three participating
laboratories (Battelle, In Vitro Technologies, and WIL Research Laboratories) but not by the
lead laboratory (Research Triangle Institute, RTI). Each of the paricipating laboratories
conducted at least three independent replicates of the aromatase assay by following a positive
control study design. The positive control was the known aromatase inhibitor 4-
hydroxyandrostenedione (4-0H ASDN). The human recombinant microsomes were procurred
and distributed to the participating laboratories by RTI. In the positive control study design,
three repetitions at each of six concentrations of the 4-0H ASDN were tested for each of the
three independent replicates. Reagents and assay solutions were made fresh for each replicate so
that the replicates were truly independent. The 4-0H ASDN was prepared and analyzed at a
central laboratory (Chemical Repository at Battelle) before it was distributed to the participating
laboratories, where this stock formulation was used to prepare the working dilutions used in the
conduct of the assay.

The objectives of this task were to evaluate the responsiveness of the human recombinant
microsomal aromatase assay when performed by three participating laboratories that had the
capabilities but only limited experience with this assay and to obtain intralaboratory and
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interlaboratory values for aromatase enzyme activity and aromatase inhibition (ICso) when using
the known aromatase inhibitor 4-0H ASDN as a positive control.

1.3 Overall Report Content and Format

The overall report includes salient information about the methods used and results
obtained by the individual participating laboratories, as well as the interlaboratory statistical
analysis narative. Detailed information about the results obtained by the individual participating
laboratories can be found in their reports, which are included in the appendices of the overall
report. In addition, there are a few important supplemental documents that were the same for all
laboratories, i.e. chemistry reports and Quality Assurance Project Plan (QAPP), and others that
were laboratory specific, i.e. protocol, spreadsheets, intralaboratory statistical analysis narrative.
All of these documents can be found in the appendices of the individual laboratory reports.

The laboratories that conducted the experiments of this task are coded in those sections of
the overall report where laboratory performance is described or data are presented. Coded
presentation is used so that the data could be evaluated in an unbiased manner and, whatever the
outcome of the study, there would be no connotation, favorable or otherwise, put on the
laboratories.

2.0 MATERIALS AND METHODS

2.1 Chemistry

2.1.1 Substrate - Androstenedione (ASDN)

The substrate for the assay was androstenedione (ASDN). Non-radiolabeled and
radiolabeled ASDN were used. The non-radiolabeled ASDN had a reported purity of 100%. The
radiolabeled androstenedione ((Iß-3H)-androstenedione, eH)ASDN) had a reported specific
activity of 25.3 Ci/mmol. Radiochemical purity was reported by the supplier to be:; 97%.
Radiochemical purity was assessed by high performance liquid chromatography (HPLC) by the
lead laboratory and the results are included in the individual laboratory report appendices.

2.1.2 Test Substance - 4-Hydroxyandrostenedione (4-0H ASDN)

The Chemical Repository at Battelle was responsible for the chemistry activities
associated with using 4-0H ASDN, i.e. chemical procurement, solubilty, formulation stability
assessment, formulation preparation, formulation analysis and shipment of the stock formulation
to the participating laboratories. These chemistry activities and results of the analysis and
stabilty determnations are described in the Chemical Repository chemistry report that is in the
appendix of the individual laboratory reports. Table 1 summarizes the salient information for 4-
OH ASDN.
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Table 1. Chemistry Information for 4-0H ASDN

The 4-0H ASDN stock formulation was prepared by the Chemical Repository as a
0.01 M solution in ethanoL. The participating laboratories prepared fresh dilutions of the stock
formulation using ethanol (supplied by the CR) according to the procedure described in Table 2.

Table 2. Preparation of 4-0H ASDN Dilutions

1.0 100 900 0.1 1 x 1 0.6

Working
100 900 2 0.01 1 x 10.

0.1 50 950 3 0.005 5 x 10-Stock #2
25 975 4 0.0025 2.5 x 10-

Working
0.01 100 900 5 0.001 1 x 10-8Stock #3

Working
0.001 100 900 6 0.0001 1 x 10-9Stock #4

a. Chemical Respository stock formulation.
b. Not applicable.

2.2 Human Recombinant Microsomes

Human recombinant microsomes were provided by RTI, who procured the microsomes
from Gentest (Human CYl19 + P450 Reductasee SUPERSOMES, Woburn, MA). The
microsomes were stored at approximately -70°C until the time of the assay. On the day of use,
the microsomes were thawed rapidly in a 37 :: 1°C water bath, rehomogenized using a Potter-
Elvejhem homogenizer and then kept on ice until used. The reported protein concentration was
approximately 4.9 mg/mL. For use in the assay, the microsomes were diluted in the assay buffer
in two serial dilutions in order to achieve the desired final working stock concentration of
approximately 0.008 mg/mL. The final target protein concentration in the incubation mixture
was approximately 0.004 mg/mL.

2.3 Other Assav Components

Information about the other assay components is provided in Table 3. The Chemical
Repository obtained the NADPH (ß-Nicotinamide Adenine Dinucleotide Phosphate, reduced
form) and ethanoL. The NADPH used was from the same supplier and lot for the participating
laboratories, whereas the ethanol used was from two different suppliers for at least one of the
laboratories.
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Table 3. Other Assay Components

Si ma-Aldrich

S ectrum Chemical

Sigma-Aldrich

Si ma-Aldrich

J. T. Baker
J. T. Baker

Sigma-Aldrich J. T. Baker J. T. Baker

2.4 Protein Determination

The microsomal protein concentration was determined on each day the micro somes were
used in the assay. A DC Protein Assay kit from Bio-Rad (Hercules, CA) was used for protein
determnation. The 6-point standard curve was prepared using bovine serum albumin (BSA)
reconstituted in Mili-Q water. The standard curve range was from 0.12 to 1.5 mg protein/mL
(varied slightly for each laboratory). The absorbance at a wavelength of 750 nm was measured
using a spectrophotometer. The protein concentration of the microsomal sample was determned
from the absorbance value using linear regression to the absorbance of the protein standards.

2.5 Aromatase Assav Procedure

Details of how the assay was actually performed by each participating laboratory are
presented in the individual laboratory reports. The general procedure is presented as follows.
The assays were performed in test tubes maintained at 37 :: 1°C in a shaking water bath.
Propylene glycol, eH)ASDN, NADPH, and assay buffer were combined in the test tubes with or
without inhibitor to the total volume of 1.0 mL. The final concentrations for the assay major
components are presented in Table 4. The tubes and the microsomal suspension were placed at
37:! 1°C in the water bath for approximately 5 minutes prior to initiation of the assay by the
addition of 1 mL of the diluted microsomal suspension.

Table 4.

1 0-6 to 1 0-9 M

Not A licable

The total assay volume was 2.0 mL and the tubes were incubated for 15 minutes at 37 ::
1°C. The incubations were stopped by the addition of methylene chloride (2 mL); the tubes were
vortex-mixed for ca. 5 seconds and placed on ice. The tubes were then vortex-mixed an
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additional 20-25 seconds to extract unreacted ASDN, then centrifuged for 10 minutes to facilitate
separation of the organic and aqueous layers. The methylene chloride layer was removed and
discarded; the aqueous layers were extracted two more times, each time with 2 mL of methylene
chloride. The aqueous layers were transferred to vials and duplicate aliquots (0.5 mL) were
transferred to 20 mL liquid scintilation counting vials. Liquid scintilation cocktail was added to
each counting vial and the vials shaken to mix.

Analysis of the samples was performed using li~uid scintilation spectrometry (LSS).
Radioactivity found in the aqueous fractions represents H20 formed from the hydrolysis of
eH)-ASDN. One H20 molecule is released per molecule of ASDN converted to estrogen in a
stereospecific reaction. Thus, the amount of estrogen product formed was determned by
dividing the total amount of 3H20 formed by the specific activity of the eH)ASDN substrate
(expressed in dpmlnmol). Results are presented as the activity (velocity) of the enzyme reaction
and expressed in nmol (mg proteiny1min-i.

Each laboratory performed at least three independent replicates and, for a given replicate,
each inhibitor concentration was performed in triplicate. In each replicate, full enzyme activity
and background activity control samples were included. Full enzyme activity control samples
contained substrate (eH)-ASDN), NADPH, propylene glycol, buffer, vehicle used for
preparation of 4-0H ASDN solutions, and microsomes. Background activity controls contained
the same components as for the full enzyme activity control samples except for the NADPH.
Four full enzyme activity and four background activity controls were included with each
replicate of the assay run and were processed in the same manner as the other samples. The
controls sets were split, so that two tubes (for each full and background activity control set) were
run at the beginning, and two at the end of each assay. The study design is summarized in Table
5.

Table 5. Positive Control Study Design

Sa
Full Enzyme

4 Complete assal with inhibitor
N/AActivity Control vehicle control

Background Activity
4

Complete assay with inhibitor vehicle
N/A

Control control omittin NADPH
4-0H ASDN

3
Complete assay with

1 x 1 0-6
Concentration 1 4-0H ASDN added

4-0H ASDN
3

Complete assay with
1 x 10-7

Concentration 2 4-0H ASDN added
4-0H ASDN

3
Complete assay with

5 x 1 0-8
Concentration 3 4-0H ASDN added

4-0H ASDN
3

Complete assay with
2.5 x 10-8

Concentration 4 4-0H ASDN added
4-0H ASDN

3
Complete assay with

1 x 10-8
Concentration 5 4-0H ASDN added

4-0H ASDN
3

Complete assay with
1 x 10-9

Concentration 6 4-0H ASDN added
a. The complete assay contains buffer, propylene glycol, microsomal protein, ( HJASDN and NADPH.
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2.6 Data Analysis

Each participating laboratory analyzed their data using a spreadsheet developed and
validated by RTr and Battelle. The spreadsheet was provided to the participating laboratories for
processing the relevant data into final data (aromatase activity and percent of control), which
could then be used for evaluating the results. The final spreadsheets are included in the
appendices of the individual laboratory reports. Data recorded included the assay date and run
number, technician, chemical and log chemical concentration, total dpm-background dpm and
percent activity, as well as many other intermediate calculations. The individual calculation
steps used to arrve at the enzyme activity and percent of control values are described in the
appendices of the individual laboratory reports. The final values were used to calculate the
averages, standard deviations, standard errors of the mean, and coefficient of variance in order to
assess the varation among repetitions (within a single replicate) and between replicates.

ICso was calculated using Prism (version 4.0 or higher, GraphPad, San Diego, CA).
Percent of control activity data was exported to Prism for curve fitting of the percent of control
activity versus log of 4-oiI ASDN concentration data using the following equation:

Y=100/(1 + lO((LoglOICso-X)*HilSlope))

Where: X is the logarithm of 4-0H ASDN concentration (M)
Y is the percent activity.

The software incorporated a weighting factor for the percent of activity values of 1/y.
As shown in the equation, the curve fitting equation uses the fixed value of 100 as the numerator.
Fixing the top and bottom boundary allowed for estimation of the ICso value on inhibition curves
that may not span the entire inhibition range from 100% to 0%. Concentration response fits were
caried out for each replicate. The resultant 11 (log ICso) and slope were analyzed using a one-

way random effects analysis of varance modeL. For each replicate the estimated 10gioICso (11),
within replicate standard error of ¡., ICso, slope (ß), within replicate standard error of ß, and the
"Status" of each response curve were determined. Other details of the intralaboratory data and
statistical analysis are described in the individual paricipating laboratory reports included in the
appendices.

2.7 Statistical Analysis

2.7.1 Intralaboratory Statistical Analysis

The intralaboratory statistical analysis was done by the Data Coordination Center at
Battelle for two of the three paricipating laboratories (Battelle and In Vitro) and the reports for
these laboratories are included in their respective reports that can be found in the appendices.
For the third laboratory, the intralaboratory statistical analysis was done by their statistician
according to the unified statistical analysis plan. Their statistical analysis report is included in
their report, which can also be found in the appendix.
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Intralaboratory statistical analyses were carred out on the "percent of control" responses.
Percent of control is defined as the ratio of the background adjusted aromatase activity in the
tube under consideration to the average background adjusted aromatase activity among the four
full enzyme activity control tubes within the replicate, times 100. The average percent of control
among the four full enzyme activity control tubes is necessarly 100 percent within each
replicate. The average percent of control among the four background activity control tubes is
necessarily 0 percent.

Nominally for an inhibitor the percent of control activity values vary between
approximately 0% near the high inhibition concentrations and approximately 100% near the low
inhibition concentrations, but this may vary with the inhibitor.

Intralaboratory statistical analyses were performed based on a common analysis plan.
The following results were reported in each intralaboratory analysis.

1. Concentration curve fits within each replicate to describe the trend in the percent of
control activity across varying inhibitor concentrations of test substance 4-0H
ASDN.

2. Estimates of the 10gioICso concentration, slope, and associated standard errors within

each replicate.

3. Average 10gioICso concentration, average slope, and associated standard errors across
replicates.

4. Comparsons between the full enzyme activity and background activity controls
obtained at the beginning and those obtained at the end of each replicate.

Laboratories A and B reported results based on three replicates. Laboratory C reported
results based on replicates 1 to 4 as well as results based on replicates 2 to 4. The reported
standard errors of the average results across replicates for Laboratories A and C incorporated the
among replicate component of varation. The reported standard error for laboratory B did not.

2.7.2 Interlaboratory Statistical Analysis

The interlaboratory statistical analysis was done by the Data Coordination Center at
Battelle and the full statistical analysis report is included as an appendix to this overall report.

The "interlaboratory" statistical analysis combines summary values developed in each of
the intralaboratory analyses to assess relationships among the results at each laboratory, the
extent of laboratory-to-Iaboratory variation, and overall consensus estimates among the
laboratories with associated variability estimates (incorporating laboratory-to-Iaboratory
variability). The interlaboratory analysis is based on the average 10giOICso and slope parameters

of the concentration response curve fits determined by each of the test laboratories, as reported in
the intralaboratory analyses. The interlaboratory analysis also compares among laboratories the
full enzyme activity control results and the background activity control results obtained at the
end of each replicate with those obtained at the beginning.
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The objectives of the interlaboratory statistical analysis are to:

· Determne the average values and the variabilties among laboratories for the
parameters mentioned above.

· Determne the coefficients of variation among laboratories for the 10gioICso and the
slope parameters.

· Estimate the ratio of the among laboratory variation to the average within laboratory
variation for the parameters mentioned above.

The interlaboratory analyses were performed on two versions of the data:

· Including all the data
· Excluding replicate 1 from laboratory C.

Statistical analyses were carred out for each of the four endpoints discussed above in the
Test Organization section: 10gloICso, slope, portion effect (beginning minus end) for background
activity control, and portion effect for full enzyme activity control.

For each endpoint a òne-way random effects analysis of variance model with
heterogeneous varances among the participating laboratories was fitted to the summary
responses within laboratories. Laboratory was treated as a random effect. The within laboratory
variances were based on the squares of the standard errors associated with the endpoint estimates
in each of the intralaboratory analyses. The analysis of varance provided an estimated weighted
average across all the laboratories and its associated standard error as well as an estimate of the
laboratory-to-Iaboratory component of variation. The weights included in the weighted averages
incorporated both laboratory-to-Iaboratory variation and within laboratory varation. The
degrees of freedom associated with the overall weighted average was calculated as

2*(((l/K)*¿(SL2 + S?))2)/((var(SL2)+(2/K2)*i(S¡4/df¡)))

where SL2 is the random laboratory to laboratory variance, S? and df¡ are the reported within
laboratory variance and degrees of freedom for the ith laboratory, var(SL2) is the variance of SL2,

and K is the number of laboratories (Hartung and Makambi, 2001).

For each endpoint, the estimated overall average and its associated standard error
(incorporating both within laboratory and among laboratory components of varation) and
associated degrees of freedom were used to construct a 95% confidence interval. For each
laboratory the individual effect and associated 95% confidence interval (based on the within
laboratory standard error) were also determned. These were plotted side-by-side to provide a
graphical comparison among the laboratories.

It should be noted that when calculating the within laboratory mean 10gioICso and slope

across replicates, Laboratories A and C incorporated the replicate-to-replicate component of
variation in the standard errors of the averages, while laboratory B did not. Also Laboratories A
and C calculated the differences between beginning and end (beginning minus end) when
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comparing the full enzyme activity and background activity controls obtained at the beginning
and those obtained at the end of each replicate, whereas laboratory B reported only beginning
and end values. The sums of beginning and end values must be equal to 0 for the background
activity controls and 200 for full enzyme activity controls. Therefore, for laboratory B the
differences were calculated as - 2 x (End values) for the background activity controls and as 200
- 2 x (End values) for the full enzyme activity controls. The associated standard errors for these
differences were calculated as 2 x (Standard errors associated with the end values).

To describe the variability among the individual laboratory values relative to the overall
average value, coefficients of variation (CV) and their associated 95% confidence intervals (95%
CIs) were calculated for the 10gioICso and the slope parameters. The coefficient of variation is
defined as the standard deviation of the effect response divided by its mean. The methods for
calculating the CV and the associated 95% CI were different depending on the underlying
assumption about the distribution of the endpoint parameter.

For 10gioICso, the measurements were assumed to be approximately log normally
distributed. The CV therefore is expressed as

CV = (exp (S2)_I)Yi

where S2is the total variance among the three laboratories. S2 is approximated by 3(se)2 where
se is the standard error of the pooled mean estimate. This would be exact if the within laboratory
variances were equal across laboratories.

The 95% confidence interval is based on the chi square distribution and is calculated as

( d 2 2 )))Yi 2 2 )))Yi( exp ( f*S I(x df,O.9S - 1 , (exp(df*S I(x df,O.DS - 1 )

where df is the estimated degree of freedom among the three laboratories.

For slope (ß), the measurements are assumed to be approximately normaL. The CV
therefore is expressed as

CV =S/ßavg

where S2 is the total variance among the three laboratories, defined as above and S = -VS2. The
endpoints of the confidence interval for CV are based on the noncentral t distribution (Lehman,
1986).

To describe the variability among laboratories relative to varabilty within laboratories

the ratio of the variance between laboratories to the average variance within laboratories was
calculated as

R=S2¡ab (1l(S¡2 + sl + s/))
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where S21ab is the varance among the three laboratories and (SI2, sl, sl) are the squares of the

within laboratory standard errors at the three laboratories. A confidence interval for this ratio is
based on the F-distribution with (Vlab, vw¡) degree of freedom

(R/-l(0.975), R/-I(0.025))

where Vlab=2 and Vwi is based on Satterthwaite's approximation

( 2 2 2)2 I 41 4 4Vwi Z (Sl + S2 + S3 ) (Sl Vi + S2 I V2 + S3 I V3).

This ratio is calculated for each of the four endpoint parameters.

In several places entries in the tables in the interlaboratory analysis report tables differ
from corresponding entries in the intralaboratory analysis report tables by one or a small number
of trailng digits in the last decimal place. This is due to differences between the intralaboratory
analyses and the interlaboratory analysis in rounding in intermediate calculations.

2.8 Good Laboratory Practices

The toxicology laboratories at Battelle and WIL Research Laboratories are operated in
compliance with the U.S. EPA FIFA Good Laboratory Practices Standards, whereas In Vitro
Technologies follows the U.S. FDA Good Laboratory Practices Standards. Thus, these studies
were conducted in compliance with EP A FIFA or FDA Regulations for GLPs.

2.9 Personnel

A complete list of the personnel involved in the conduct of this task is included in their
respective laboratory reports (see appendices). The study directors for this study at each of the
laboratories were:

. Dr. Bozena Lusiak - Battelle Memorial Institute

. Dr. Neil Jensen - In Vitro Technologies, Inc.

. Dr. Christopher Bowman - WIL Research Laboratories, LLC

3.0 RESULTS

3.1 r3Hl-ASDN Radiochemical Purity

The radiochemical purity for the substrate was 97 percent. The radiochemical purity
report is included as an appendix of the individual laboratory reports.

3.2 4-0H ASDN Analysis

The actual 4-0H ASDN stock formulation concentration was within 5 percent of the
target concentration (3.02 mg/mL, 0.01 M). The formulation was determined to be stable when
stored refrigerated for at 173 days (25 weeks). The chemistry report is included as an appendix
of the individual laboratory reports.
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3.3 Microsomal Protein Analvsis

The microsomal protein concentration was determined on the day that the microsomes
were used in the assay. Two of the laboratories reported analysis results for three replicates
whereas the third laboratory reported analysis results for four replicates (Table 6). The overall
task mean:: SEM protein concentration was 5.70:: 0.54 mg/mL with a percent CV of 16.4
percent. According to the lead laboratory, the human recombinant microsomes protein
concentration was approximately 4.9 mg/mL. The overall mean from the laboratories was
compared to the lead laboratory value (assumed to be the standard), which resulted in a percent
relative error (%RE) of + 16.3 percent.

Table 6. Protein Concentrationa

1 5.07 6.76 6.46
2 5.53 7.28 5.42
3 3.70 5.88 5.444 5.40
Avera e 4.77 6.64 5.68Sd 0.95 0.71 0.52SEM 0.55 0.41 0.26% CV 20.0 10.7 9.2

a. For each laboratory, the number of replicates actually used in the analysis of the task was included.

3.4 Human Recombinant Microsomal Aromatase Activitv

Full enzyme activity controls were conducted in duplicate repetitions at the beginning
and end of each replicate of the assay (a total of four tubes/replicate). Two of the laboratories
reported analysis results for three replicates whereas the third laboratory reported analysis results
for four replicates. The average full aromatase activity control values for all four repetitions of a
given replicate are shown in Table 7 for each laboratory. The overall task mean:: SEM full
enzyme activity control value was 0.229 :: 0.029 nmol/mg protein/min with a percent CV of 21.7
percent.

Table 7. Full (Uninhibited) Aromatase Activitya

1

2
3
4
Avera e
Sd
SEM
%CV

0.177
0.180
0.291

0.272
0.254
0.326

0.216
0.065
0.038
30.1

0.284
0.037
0.022
13.2

0.186
0.170
0.188
0.205
0.187
0.014
0.007

7.6
a. For each laboratory, the number of replicates actually used in the analysis of the task was included.
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3.4.1 Intralaboratory Statistical Analysis for Full Aromatase Activity Controls

For Laboratory A, the average percent of control responses at the end were lower than at
the beginning for all three replicates. When averaged across replicates, there was a highly
significant difference between the beginning and the end portions. The end was lower than the
beginning. The variation of portion (end vs. beginning) effects among replicates was estimated
to be zero.

For Laboratory B, replicate by portion (beginning and end) interactions were not
significant.

For Laboratory C, the average percent of control responses at the end was lower than at
the beginning for each replicate. The ends were about 5 to 17 percent lower than the beginnings.
The average across replicates was highly significantly lower at the end portion than at the
beginning (whether or not replicate #1 was included). The variation of portion (end vs.
beginning) effects among replicates was zero or near zero.

3.4.2 Interlaboratory Statistical Analysis for Full Aromatase Activity Controls

Interlaboratory statistical analysis values are presented in tables and graphs that were
placed at the end of the results section in order to keep this information together for the purpose
of providing convenience to the reader since so much of this information is interrelated. Tables
and figures wil be called out in the text to enable the reader to easily find the relevant
information.

Full enzyme activity control was significantly higher at the beginning than at the end for
Laboratories A and C but not for Laboratory B or combined across the three laboratories (Table
11). This is the case whether replicate 1 in Laboratory C was included or was excluded. The
estimated variance among the laboratories was slightly less than three times the average within
laboratory variance when replicate 1 in Laboratory C was included and slightly less than twice
the average within laboratory variance when replicate 1 in Laboratory C was excluded.

3.5 Backçiround Activitv

Background enzyme activity controls were conducted in duplicate repetitions at the
beginning and end of each replicate of the assay (a total of four tubes/replicate). For all
laboratories the aromatase activity in these control samples was negligible, indicating that there
was no background activity that interfered with the interpretation of the results.

3.5.1 Intralaboratory Statistical Analysis for Background Activity Controls

For Laboratory A, the measurements at the end were less than those at the beginning, in
replicates 1 and 2. When averaged across replicates there were not significant differences
between the beginning and the end portions.

end.
For Laboratory B, there were no significant differences between the beginning and the
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For Laboratory C, the measurements at the end were similar to those at the beginning for
all replicates except replicate 2. Replicate 2 had a higher average at the beginning due to the
higher measurement in a repetition at the beginning. Without this data, the average at the
beginning would be similar to that at the end for replicate 2. When averaged across replicates
there was not a significant difference between the beginning and the end portions whether or not
replicate 1 was included in the analysis.

3.5.2 Interlaboratory Statistical Analysis for Background Activity Controls

No significant differences (beginning minus end) existed for the background activity
controls, for any laboratory or across the three laboratories combined (Table 11). The estimated
variance among the laboratories was negligible (Table 12).

3.6 4-0H ASDN Inhibition of Aromatase Activitv

The effect of increasing the concentrations of 4-0H ASDN on aromatase activity was
determned and the results were expressed as a percent of the control aromatase activity. The
individual replicate percent of control results for each laboratory can be found in the appendices.
The overall percent of control results by laboratory and the overall percent of control results for
the task are summarized in Table 8.

Effect of 4-0H ASDN on Aromatase Activity

Laboratory A -6.00 9.35 0.55 0.32 5.92
-7.00 45.23 0.61 0.35 1.35
-7.30 59.87 2.71 1.57 4.53
-7.60 73.14 1.23 0.71 1.69
-8.00 84.22 2.72 1.57 3.23
-9.00 93.52 2.74 1.58 2.93

Laboratory B -6.00 6.77 0.50 0.29 7.45
-7.00 38.96 2.06 1.19 5.28
-7.30 55.85 2.42 1.40 4.33
-7.60 71.99 2.23 1.29 3.10
-8.00 89.19 2.19 1.26 2.46
-9.00 99.83 2.05 1.18 2.05

Laboratory C -6.00 9.29 1.48 0.74 15.89
-7.00 45.83 4.95 2.48 10.81
-7.30 62.83 4.44 2.22 7.06
-7.60 75.30 1.69 0.85 2.25
-8.00 84.90 4.53 2.27 5.34
-9.00 92.61 5.04 2.52 5.44

Overall Task

-6.00 8.47 1.47 0.85 17.4
-7.00 43.34 3.81 2.20 8.8
-7.30 59.52 3.50 2.02 5.9
-7.60 73.48 1.68 0.97 2.3
-8.00 86.10 2.69 1.56 3.1
-9.00 95.32 3.93 2.27 4.1
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The individual4-0H ASDN inhibition response curves by replicate for each laboratory
are reported in the appendices. The overall inhibition response curves by laboratory are shown
in Figure 1 and the overall task curve is shown in Figure 2. The curves in these figures are not
fitted by the model but are representative of the curve as denoted by the symbols (mean data).
For all three laboratories, increasing concentrations of 4-0H ASDN decreased the activity of the
human recombinant microsomal aromatase activity and the decrease was dose-dependent. The
shape of the enzyme activity vs 4-0H ASDN curve was sigmoidaL. At a 4-0H ASDN
concentration of 10-6 M, aromatase inhibition was almost complete; the laboratory percent of
control values ranged from 7 to 9 percent. In contrast, at a 4-0H ASDN concentration of 10-9 M,
there was little to noarornatase inhibition; the laboratory percent of control values ranged from
93 to 100 percent. Overall task mean:: SEM percent of control values at 10-6 and 10-9 M were
8.47 :: 0.85 and 95.3 :: 2.3 percent, respectively.
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Figure 1. Overall 4-0H ASDN Inhibition Response Curve by Laboratory
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Figure 2. Overall Task 4-0H ASDN Inhibition Response Curve
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The CV in percent of control for each replicate and laboratory are reported in the
appendices. The overall percent CV values by laboratory (Table 8) were less than 6, 7, and 16
percent for laboratories A, B, and C, respectively. The overall task percent CV values ranged
from 2 to 17 percent and showed a trend to decrease with decreasing concentrations of the
inhibitor down to approximately 10-8 M.

3.7 ICso and Slope Determination

Based on the curve-fit of the percent of control aromatase activity values across six
concentrations of 4-0H ASDN, the calculated ICso values by replicate and laboratory are
summarized in Table 9. The average:: SEM ICso values for Laboratories A, B, and C were 89.3
:: 3.8, 65.5:! 3.8, and 83.9:! 6.7 nM; the percent CV values were 7.3,10.1, and 16.1 percent,
respectively. The overall task mean:: SEM ICso value was 79.5 :: 7.2 nM and the percent CV
was 15.7 percent.

Table 9. ICso Valuesa

1 88.1 73.1 86.8
2 96.3 61.2 65.6
3 83.4 62.1 84.94 98.1
Avera e 89.3 65.5 83.9Sd 6.5 6.6 13.5SEM 3.8 3.8 6.7% CV 7.3 10.1 16.1

a. For each laboratory, the number of replicates actually used

in the analysis of the task was included.

The slope determnations by replicate and laboratory are summarized in Table 10. The
average:: SEM slope values for Laboratories A, B, and C were -0.9443 :: 0.0449, -0.9828 ::
0.0072, and -0.9065 :: 0.0236; the percent CV values were 8.2, 1.3, and 5.2 percent, respectively.
The overall task mean:: SEM ICso value was -0.9445 :: 0.0220 and the percent CV was 4.0
percent.

Table 10. Slope Valuesa

1 -0.8874 -0.9929 -0.9022
2 -0.9125 -0.9689 -0.9031
3 -1.033 -0.9866 -0.96784 -0.8528
Avera e -0.9443 -0.9828 -0.9065
Sd 0.0778 0.0124 0.0472
SEM 0.0449 0.0072 0.0236% CV 8.2 1.3 5.2

a. For each laboratory, the number of replicates actually used

in the analysis of the task was included.
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3.7.1 Intralaboratory Statistical Analysis

For Laboratory A, the concentration response curves were similar across the three
replicates. Replicate 2 had a slightly lower estimated ICso value than replicates 1 and 3. For the
slope, the replicate-to-replicate variation was within the range of the individual replicate within-
replicate variances.

For Laboratory B, there were no significant differences between the ICso or slope values.

For Laboratory C, replicate 2 had a lower estimated ICso than the other three replicates.
Replicate 4 had a higher estimated ICso and a less negative slope than the other replicates. The
variance for ICso among the replicates was high compared to the variances within replicates; it
was at least near 8 times higher when only replicates 2 to 4 were considered or 5 times higher
when all 4 replicates were considered.

3.7.2 Interlaboratory Statistical Analysis

Table 11 displays the estimated parameter values and the associated within laboratory
95% confidence intervals about these values. It also displays the overall mean values across
laboratories and their associated 95% confidence intervals, incorporating among laboratory
variation based on the random effects analysis of variance. The overall mean was calculated
with and without replicate 1 for Laboratory C. These means and confidence intervals are shown
in Figures 3 through 10. Each figure includes reference lines corresponding to the overall
average. The estimated CVs and their associated 95% confidence intervals for the overall means
for the 10gioICso and slope parameters are also presented in Table 11.

Table 12 displays the within laboratory variances and their associated degrees of freedom
for each laboratory. These are the squares of the within laboratory standard errors associated
with the estimated parameter values. Table 12 also displays the laboratory to laboratory random
variation and the squares of the standard errors of the overall mean values, as well as their
associated degrees of freedom. The ratios of the among laboratory varances to the unweighted
average within laboratory variances are also displayed, with their associated 95% confidence
intervals.

The estimates for 10gioICso were similar among the three laboratories, with or without
replicate 1 in laboratory C (Table 11). For Laboratory C, the estimated variance without
replicate 1 was about twice that with replicate 1 included (Table 12). The average values and the
associated 95% CIs for 10gioICso across the three laboratories were about same whether replicate
1 for Laboratory C was included or excluded. The variance among laboratories was about 1.4
times higher than the pooled average within laboratory variance when replicate 1 for Laboratory
C was included and about 0.8 times the average within laboratory varance when replicate 1 for
Laboratory C was excluded. The confidence intervals about these ratios were wide because of
the small number of degrees of freedom (2) associated with the among laboratory varance. The
coefficient of variation among laboratories was about 4%, whether replicate 1 in Laboratory C
was included or excluded.
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The estimated slope for Laboratory B was 7% to 11 % smaller than those for Laboratories
A and C whether replicate 1 in Laboratory C was included or was excluded. For Laboratory C,
the estimated variance when replicate 1 was excluded was about twice that when replicate 1 was
included. The average value and the associated 95% confidence interval for slope across the
three laboratories remained about the same whether replicate 1 in Laboratory C was included or
excluded. The among laboratory varance was about four times the average within laboratory
varance when replicate 1 in Laboratory C was included and about three times the average within
laboratory variance when replicate 1 in Laboratory C was excluded. The coefficient of varation
among laboratories was slightly less than 5% whether replicate 1 in Laboratory C was included
or excluded.
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4.0 DISCUSSION

The results of this task showed that the participating laboratories were able to conduct the
aromatase assay and obtain similar results as those reported by the lead laboratory. However,
this task also demonstrated that there were difficulties that could be attributed to level of
experience. For example, one laboratory (Lab C) repeated a replicate due to variability in the
results. A second laboratory (Lab B) repeated all three replicates because the concentration of the
microsomes in the protein assay were below the range of the standard curve, which resulted in
unusually high full enzyme activity control values. Thus, the results of this task provided a
measure of the intralaboratory and interlaboratory variability for this assay when performed by
laboratory staff with a minimal level of training.

The results obtained by the laboratories in the present study were in good agreement with
previous results reported by RTI (Work Assignment 4-10, Task 3 and Work Assignment 2-24)
and in the literature. In the present study, the 4-0H ASDN ICso values ranged from 61.2 to 98.1
nM with an overall average (:: SEM) ICso value of 79.5 :: 7.2 nM. In W A 4-10, Task 3, RTI
reported an average (:: sd) ICso value for 4-0H ASDN to be 65.2 :: 10.5 nM (range 54.7 - 83.5
nM). Literature citations have been found that reported the 4-0H ASDN ICso to range from
approximately 30 - 50 nM (W A 2-24 protocol).

It is also interesting to compare the results from this study with those obtained using the human
placental microsomes. Again, the results between the studies and different types of microsomes
were similar. In W A 4-10, Task 3, RTI reported an average (:: sd) ICso value for 4-0H ASDN of
56.0:: 10.3 nM (range 44.5 - 68.9 nM). Also, in W A 4-16, Task 4 (multiple laboratories
conducted this same positive control aromatase assay using human placental) the overall average
(:: SEM) ICso value was 62.1 :: 10.0 nM.

5.0 CONCLUSIONS

In conclusion, the results from this task indicated that the human recombinant
microsomal aromatase assay was sufficiently responsive for the laboratories to demonstrate the
effects of a known aromatase inhibitor using the provided assay procedure. Also, this task
provided information about the assay's intralaboratory and interlaboratory varability.
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1.0 EXECUTIVE SUMMARY

The primary objective of this task was to demonstrate the responsiveness of the aromatase assay
using the classical 3H20 method, 4-hydroxyandrostenedione (a known aromatase inhibitor), and
recombinant microsomes. A secondary objective was to determine intralaboratory variability
estimates for the assay and, as one of three laboratories conducting this assay, provide data that
could be used to determine interlaboratory variability. Briefly, 4-hydroxyandrostenedione (4-0H
ASDN), at six different concentrations, was incubated with human recombinant microsomes in
the presence of3H-androstenedione (substrate for aromatase), propylene glycol, and ß-NADPH in
a 0.1 M sodium phosphate buffer solution (pH 7.4) at 37:: 1 DC for 15 minutes. Control included

"-
conducting the assay with all assay components except 4-0H ASDN (full enzyme activity
control) and ß-NADPH (background activity control). Within each replicate three repetitions
were run at each graded concentration of 4-0H ASDN. Additionally, two full enzyme activity
control tubes and two background activity control tubes were analyzed at the beginning of each
replicate and two full enzyme activity and two background activity controls were analyzed at the
end. Concentration response curves were fitted within each replicate to describe the relation
between 4-0H ASDN concentration and extent of inhibition. Four independent replicates of the
assay were conducted.

For human recombinant microsomes, the overall mean (:: sd,:: sem, and percent CV) full
aromatase activity control value was 0.187 nmol/mg protein/min (:: 0.014,:: 0.007, 7.52%). The
background activity control value was ~0.2% of the full enzyme activity control.

4-0H ASDN produced a concentration-dependent inhibition in aromatase activity. At the lowest
(10-9 M) and highest (10-6 M) concentrations tested, the overall mean (:: sem) percent of control
aromatase activity values were 92.6 (:: 2.52) and 9.29 (:: 0.74) %, respectively. The overall mean
(:: sem) ICso value for 4-0H ASDN was 83.8 (:: 6.74) nM.

Statistical analyses were carried out on the percent of control responses for aromatase activity in
four independent replicates. Results were compared across replicates. In addition, full enzyme
activity and background activity control tube responses were compared between beginning and
end of each replicate to identify differences within replicates and differences across replicates.
Statistical analysis showed: a) the concentration response curves were similar across the four
replicates; b) replicate 2 had a lower estimated ICso than the other three replicates, replicate 3 had
a more negative slope than the other replicates and replicate 4 had a higher estimated ICso and a
less negative slope than the others replicates; c) the variance for ICso among the replicates was
high compared to the variances within replicates; d) for the full enzyme activity controls the
average percent of control responses at the end was lower than at the beginning for each replicate,
the ends were about 5 to 17% lower than the beginnings; e) for the full enzyme activity controls
the average across replicates was highly significantly lower at the end portion than at the
beginning for all four replicates.

2.0 INTRODUCTION

2.1 Background

The Food Quality Protection Act of 1996 was enacted by Congress to authorize the
Environmental Protection Agency (EP A) to implement a screening program on pesticides
and other chemicals found in food or water sources for endocrine effects in humans.
Thus, the U.S. EPA is implementing an Endocrine Disruptor Screening Program (EDSP).

1
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In this program, comprehensive toxicological and ecotoxicological screens and tests are
being developed for identifYing and characterizing the endocrine effects of various
environmental contaminants, industrial chemicals, and pesticides. The program's aim is
to develop a two-tiered approach, e.g., a combination of in vitro and in vivo mammalian
and ecotoxicological screens (Tier 1) and a set of in vivo tests (Tier 2) for identifying and
characterizing endocrine effects of pesticides, industrial chemicals, and environmental
contaminants. Validation of the individual screens and tests is required, and the
Endocrine Disruptor Methods Validation Advisory Committee (EDMV AC) will provide
advice and counsel on the validation assays.

Estrogens are sex steroid hormones that are necessary for female reproduction and affect
the development of secondary sex characteristics of females. Estrogens are

biosynthesized from cholesterol by a series of enzymatic steps, with the last step
involving the conversion of androgens into estrogens by the enzyme aromatase. Estrogen
biosynthesis occurs primarily in the ovary in mature, premenopausal women. During
pregnancy, the placenta is the main source of estrogen biosynthesis and pathways for
production change. Small amounts of these hormones are also synthesized by the testes
in the male and by the adrenal cortex, the hypothalamus, and the anterior pituitary in both
sexes. The major source of estrogens in both postmenopausal women and men occurs in
extraglandular sites, particularly in adipose tissue. One potential endocrine target for
environmental chemicals is the enzyme aromatase, which catalyzes the biosynthesis of
estrogens. An aromatase assay is proposed as one ofthe Tier 1 Screening Battery
Alternate Methods. A detailed literature review on aromatase was performed and
encompassed (1) searching the literature databases, (2) contacting individuals to obtain
information on unpublished research, and (3) evaluating the literature and personal
communications.

Aromatase is a cytochrome P450arom enzyme complex responsible for estrogen
biosynthesis and converts androgens, such as testosterone and androstenedione, into the
estrogens estradiol and estrone. Aromatase is present in the ovary, placenta, uterus,
testis, brain, and extraglandular adipose tissues. Two proteins, cytochrome P450arom and
ß-NADPH-cytochrome P450 reductase, are necessary for enzymatic activity, and the
enzyme complex is localized in the smooth endoplasmic reticulum. The aromatase gene,
designated CYP19, encodes the cytochrome P450arom and consists often exons, with the
exact size ofthe gene exceeding 70 kilobases. Aromatase is found in breast tissue, and
the importance of intratumoral aromatase and local estrogen production is being
unraveled. Effective aromatase inhibitors have been developed as therapeutic agents for
estrogen-dependent breast cancer to reduce the growth stimulatory effects of estrogens in
breast cancer. Investigations on the development of aromatase inhibitors began in the
1970's and have expanded greatly in the past three decades.

An in vitro aromatase assay could easily be utilized as an alternative screening method in
the Tier 1 Screening Battery to assess the potential effects of various environmental
toxicants on aromatase activity. Both in vitro subcellular (microsomal) assays and cell-
based assays are available for measuring aromatase activity. The in vitro subcellular
assay using human placental micro somes is commonly used to evaluate the ability of
pharmaceuticals and environmental chemicals to inhibit aromatase activity. In addition,
human JEG-3 and JAR choriocarcinoma cell culture lines, originally isolated from
cytotrophoblasts of malignant placental tissues, have been used as in vitro systems for
measuring the effects of compounds on aromatase activity. These cell lines are also

utilized for investigations on the effects of agents in placental toxicology.

2
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Numerous flavonoids and related phytoestrogen derivatives have been extensively
evaluated for their ability to inhibit aromatase activity for two primary reasons: (1) these
natural plant products can serve as possible leads for the development of new
nonsteroidal aromatase inhibitors; and (2) humans and other animals are exposed to these
agents through the diet. In general, the flavonoids and related analogs demonstrate
aromatase inhibition with lCso values in the micromolar range; however, these
compounds lack both the potency and specificity of aromatase inhibitors developed for
breast cancer therapy. Several pesticides have also demonstrated inhibition of aromatase
activity in the human placental microsomal assay system, with lCso values for aromatase
inhibition ranging from 0.04 /lM to greater than 50 /lM.

The human placental microsomal aromatase assay was recommended as the in vitro
aromatase screening assay to be included in the Tier 1 Screening Battery. This assay will
detect environmental toxicants that possess the ability to inhibit aromatase activity.
Prevalidation studies on recombinant aromatase (W A 2-24) were conducted to optimize
the microsomal aromatase assay protocol for human placental, demonstrate the utility of
the microsomal assay to detect known aromatase inhibitors, and compare the
performance of a recombinant assay system and the placental microsomal assays.

2.2 Task Description and Objectives

Four independent replicates (in triplicate) of aromatase assay were performed using
4-hydroxyandrostenedione (4-0H ASDN) and recombinant microsomes. Six different
concentrations of 4-0H ASDN were tested, and ieso for each replicate were calculated
using Prism software as specified in the protocol.

The objective of the presented study was to conduct the aromatase assay using
recombinant microsomes and 4-0H ASDN (known aromatase inhibitor) to demonstrate
the responsiveness of the assay to aromatase inhibitors. Additional aim of the study was
to use the optimized assay to obtain intralaboratory and interlaboratory assay variability
estimates. The study protocol and Quality Assurance Project Plan (QAPP) can be found
in Appendix A and B, respectively.

,
3
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3.0 MATERIALS AND METHODS

3.1 Preparation of Substrate Solution

The substrate for the aromatase assay was androstenedione (ASDN). Non-radio1abe1ed
and radiolabeled ASDN were used. The non-radiolabeled ASDN (Lot # 024K0809) was
obtained from Sigma, S1. Louis, MO by the Sponsor's Chemical Repository and was then
distributed to the participating laboratories. It had a reported purity of 99%. The
radiolabeled androstenedione ((lß-3HJ-androstenedione, (3HJASDN, Lot #3538-496) was
obtained from PerkinElmer Life Sciences, Inc., Boston, MA and had a reported specific
activity of25.3 Ci/mmol. Radiochemical purity was reported by the supplier to be :;97%.
Radiochemical purity was assessed by high performance liquid chromatography (HPLC)
by the lead laboratory. (See Results Section.)

Preparing the substrate solution involved the mixing of non-radio labeled and radiolabeled
eHJASDN in order to achieve 100 nM final concentration of ASDN in the assay. The
amount of tritium added to each incubation was about 0.1 ¡.Ci. This substrate solution
should have a concentration of 2 ¡.M with a radioactivity of about 1 ¡.Ci/mL.

The following ilustrates the preparation of a substrate solution using a stock of
eHJASDN with a specific activity of 25.3 Ci/mmol and a concentration of 1 mCi/mL. A
1: 100 dilution of the radiolabeled stock solution in buffer and a 1 mg/mL solution of
ASDN in ethanol were prepared. Subsequently, 1 mg/mL ASDN in ethanol solution was
diluted in buffer to a final concentration of 1 ¡.g/mL. Four-and-one half (4.5) mL of the
1 ¡.g/mL solution of ASDN, 800 ¡.L ofthe eHJASDN buffer dilution and 2.7 mL buffer
to make 8 mL were combined. The weight of each component added to the substrate
solution was recorded. After mixing the solution, five aliquots of ca. 20 ¡.L were
weighed out and combined with scintillation cocktail for radioactivity content analysis.

3.2 Test Substance

The Sponsor's Chemical Repository was responsible for chemistry activities required to
perform this study. Their responsibilities included chemical procurement, solubility,
formulation stability assessment, formulation preparation, formulation analysis, and
shipment of stock formulation to the participating laboratories. (See Results Section.)

3.2.1 4-Hydroxyandrostenedione (4-0H ASDN)

Table 1 summarizes all information about test substance.

Table 1. 4-Hydroxyandrostenedione (4-0H ASDN)

Molecular Storage
Substance Mfr. Weight Stock Conditions

SUbstiÜiceName Code Purity CAS No. (ghnol) Solution il . Yí\hicle (a C) 

4- 4-0H
99% 566-48-3 C'9H2603 302.4 i -ASDN- i 95%

2-8hydroxyan drosten edi one ASDN ethanol

4
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3.2.2 Preparation of the Working Solutions of 4-Hydroxyandrostenedione

Test substance stock solution was prepared (as described in Table 2) by the
Chemical Repository as a 0.01 M solution in 95% ethanoL. Subsequent dilutions
of the stock solution were prepared in 95% ethanol (supplied by Chemical
Repository) according to Table 2.

Table 2. Preparation of 4-Hydroxyandrostenedione Dilutions

SolutioIfName
ConcenttàtiolFir

Stock Sol (10 mM)
Sol A (1.0 mM)
SolI (0.1 mM)
SolI (0.1 mM)
SolI (0.1 mM)
Sol2 (0.01 mM)
Sol5 (0.001 mM)

Volume of
Solution

L
100
100
100
50
25
100
100

900
900
900
950
975
900
900

3.3 Microsomes

Dilution
Concentrati
SolA
SolI
Sol2
Sol3
Sol4
So15
Sol6

(1.0 mM)
(0.1 mM)

(0.01 mM)
(0.005 mM)

(0.0025 mM)
(0.001 mM)

(0.0001 mM)

Recombinant microsomes were obtained through RTI International (Research Triangle
Park, NC), Lot No.5, from GENTEST (Wobur, MA) and were stored at approximately
-70°C until the time of assay. On the day of use, microsomes were thawed rapidly in a
37:: 1°C water bath, rehomogenized using a Potter-Elvejhem homogenizer (about 5 to
10 passes) and then kept on ice until used (no longer than 2 hours).

The protein concentration in the stock microsomes was approximately 4.9 mg/mL.
Microsomes were diluted in assay buffer in two serial dilutions. The first dilution (1: 10)
was achieved by gently mixing 0.1 mL of the micro somes stock suspension with 0.9 mL
of buffer (total volume 1 mL). The second dilution (1:61.22) was obtained by gently
mixing 0.49 mL ofthe first microsomes dilution with 29.51 mL of buffer (total volume
30 mL). The first dilution was kept on ice until the protein concentration was measured.
In the second dilution, the target protein concentration was of ca. 0.008 mg/mL to
achieve final protein concentration in the incubation mixture ca. 0.004 mg/mL. The
second dilution was also kept on ice until it was placed in the water bath just prior to its
addition to the incubation mixture to start the reaction.

3.4 Other Assay Components

The information about other assay components is provided in Table 3.

5
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Table 3. Assay Components

Chen:êal Supplier ..~Qt.
ß-NADPH Sigma lO3K7046
Propylene glycol Spectrm Chemical SQ0397
Sodium phosphate dibasic Sigma 083K0120
Sodium phosphate monobasic Sigma 054K0144 and lOOK0246
Ethanol, 95% Spectrum SWOO45

Sigma 04BlOUB

3.4.1 ß-Nicotinamide Adenine Dinucleotide Phosphate, Reduced Form (ß-NADPH)

ß-NADPH is the required co-factor for aromatase. The fînal concentration in the
assay was 0.3 mM. Typically, a 6 mM stock solution was prepared by dissolving
ca. 20 mg of ß-NADPH in 4 mL of assay buffer.

3.4.2 Assay Buffer

The assay buffer was 0.1 M sodium phosphate buffer, pH 7.4. One liter of 0.1 M
solution of sodium phosphate monobasic (NaH2P04) in Mili-Q water and one
liter of 0.1 M solution of sodium phosphate dibasic (Na2HP04) in Milli-Q water
were prepared. The solutions were combined in the approximate ratio 80:20

(dibasic:monobasic sodium phosphate) to achieve a pH of 7.4.

3.5 Protein Determination

The protein concentration in the microsomes was determined each day the microsomes
were used with a DC Protein Assay kit from Bio-Rad (Hercules, CA). The 6-point
standard curve was prepared using bovine serum albumin (BSA) reconstituted in Milli-Q
water. The standard cure range was from 0.14 to 1.0 mg proteinlmL. Briefly, to a
25 ¡.L aliquot of micro somes solution (1: 10 dilution in assay buffer) or 25 ¡.L aliquot of
each standard, 125 ¡.L of BioRad DC Protein Kit Reagent A was added and mixed. Next,
1 mL of BioRad DC Protein Kit Reagent B was added to each standard and microsomes
solution and gently mixed. The samples were incubated at room temperature for at least
15 minutes. Each sample (standard and microsomes) was transferred to disposable
polystyrene cuvettes and the absorbance at 750 nm was measured using a
spectrophotometer. The protein concentration of the microsomal sample was determined
by interpolation, reading the protein concentration on the standard curve that
corresponded to its absorbance.

3.6 Cytochrome P450 Aromatase (CYl19) Activity

The assays were performed in 13xlOO mm test tubes maintained at 37:: laC in a shaking
water bath. Propylene glycol, (3HJASDN, ß-NADPH, and assay buffer were combined in
the test tubes with or without inhibitor (as described below) to the total volume of
1.0 mL. The final concentrations for the assay major components are presented in Table
4. The tubes and the microsomal suspension were placed at 37 :I laC in the water bath
for approximately five minutes prior to initiation of the assay by the addition of 1 mL of
the diluted microsomal suspension. See Table 5 for recombinant microsomes thaw time.

6



Battelle Study Number G6083l7

Table 4. Aromatase Assay Conditions Using Recombinant Microsomes

Assa
Microsomal protein

ß-NADPH
( H)ASDN

Propylene glycol
4-0H ASDN
Assay buffer

See Table 7 for details.

Component Volume
Added to the Assa

1.0 mL
100 ilL
i 00 ilL
i 00 ilL
20 ilL
680 ilL

0.004 mg/mL
0.3mM
100 nM

5% (VIV)
Varies'

~ 0.094 M
..

Table 5. Microsomes Thaw Time

The total assay volume was 2.0 mL, and the tubes were incubated for 15 minutes. The
incubations were stopped by the addition of methylene chloride (2.0 mL); the tubes were
vortex-mixed for ca. 5 seconds and placed on ice. The tubes were then vortex-mixed an
additional 20-25 seconds, then centrifuged using a Beckman GS-6 centrifuge with GH-
3.8 rotor for 10 minutes at a setting of 1000 rpm. After centrifugation, the methylene
chloride layer was removed and discarded; the aqueous layers were extracted again with
methylene chloride (2.0 mL). This extraction procedure was performed one additional
time, each time discarding the methylene chloride layer. The aqueous layers were
transferred to vials and duplicate aliquots (0.5 mL) were transferred to 20 mL liquid
scintillation counting vials. Liquid scintillation cocktail (Ultima Gold, PerkinElmer,
10 mL) was added to each counting vial and shaken to mix the solution.

Analysis of the samples was performed using liquid scintillation spectrometry (LSS).
Radioactivity found in the aqueous fractions represents amount of formed 3H20.

Results are presented as the activity (velocity) of the enzyme (aromatase). The amount of
the estrogen product formed was determined by dividing the total amount of 3H20 formed
by the specific activity of the eH)ASDN substrate (expressed in dpm/nmol). The activity
of the enzyme was expressed in nmol (mg proteiny1min-1 and was calculated by dividing
the amount of estrogen formed by the amount of microsomal protein used (in mg) times
the incubation time (15 minutes).

Four independent replicates (each in triplicate) of aromatase assay were performed as
presented in Table 6. The fourth replicate was added to the study as per request of the
Sponsor in order to evaluate possible disparity in one of the three replicates.

7
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Table 6. Summary of the Assays by Dates and Technician

ReplicateNiillner D¡ite of Assay Technician
1 12-20-2004 BDL/TD
2 12-21-2004 BDL/TD
3 12-22-2004 BDL/TD
4 03-1 1-2005 BDL/TD

il each replicate/test run, full and background activity control samples were included.
See Table 7 for a design of the assay groups. Full activity control contained substrate
(ASDN), ß-NADPH, propylene glycol, buffer, vehicle used for preparation of 4-0H
ASDN solutions, and microsomes. Background activity controls contained all full
activity control assay components except aromatase co-factor ß-NADPH and served as
assay blanks. Four full activity and four background activity controls were included with
each assay run and were processed in the same manner as the other samples. The
controls sets were split, so that two tubes (for each full and background activity control
set) were run at the beginning and two at the end of each assay.

Table 7. Positive Control Study Design

Background Activity Control

i
Complete assay' with

inhibitor vehicle control
Complete assay with inhibitor

vehicle control omitting ß-NADPH
Complete assay with
4-0H ASDN added
Complete assay with
4-0H ASDN added
Complete assay with
4-0H ASDN added
Complete assay with
4-0H ASDN added
Complete assay with
4-0H ASDN added
Complete assay with
4-0H ASDN added

The complete assay contains buffer, propylene glycol, microsomal protein, ( H)ASDN and ß-NADPH.

ASDN
M

Full Activity Control 4 N/A

4 N/A

4-0H ASDN Concentration 1 3 1 x 10-6

4-0H ASDN Concentration 2 3 1x10-7

4-0H ASDN Concentration 3 3 5 x 10-8

4-0H ASDN Concentration 4 3 2.5 X 10-8

4-0H ASDN Concentration 5 3 1 x 10-8

4-0H ASDN Concentration 6 3 1 x 10-9

..

3.7 Data Analysis

The reported data include the following information: assay date and run number,
technician, inhibitor, total dpm minus background dpm, and percent activity. The
average background dpm values were subtracted from the assayed sample dpm values to
provide dpm for specific aromatase activity. A spreadsheet developed by RTI
iltemational was used to process the data into a final form for analysis and evaluation.

The spreadsheet calculated dpm/rn for each aliquot of extracted aqueous incubation
mixture and average dpm/rn and total dpm for each aqueous portion (after extraction).
Multiplication of the volume (rn) of substrate solution added to the incubation by the
substrate solution radiochemical content (dpm/rn) yielded the total dpm present in the

8
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assay tube at initiation. The total dpm remaining in the aqueous portion after extraction
divided by the total dpm present in the assay tube at initiation times 100 yielded the
percent of the substrate that was converted to product. The total dpm remaining in the
aqueous portion after extraction was corrected for background by subtracting the average
dpm present in the aqueous portion of the background activity control tubes (for that
day/assay). This corrected dpm was then converted to nmol product formed by dividing
by the substrate specific activity (dpm/nmol). The activity of the enzyme was expressed
in nmol (mg proteinr1min-1 and was calculated by dividing the amount of estrogen
formed (nmol) by the amount of microsomal protein used (in mg) times the incubation
time (in min). Average activity in the full activity control samples for a given study was
calculated. Percent of activity remaining in the presence of various inhibitor
concentrations was calculated by dividing the aromatase activity at a given inhibitor
concentration by the average full activity control and multiplying by 100.

lCso was calculated using Prism version 4.0 (GraphPad, San Diego, CA). Percent of
control activity data was exported to Prism for curve fitting of the percent of control
activity versus log of 4-0H ASDN concentration data using the following equation:

Y=100/(l + 1O((Logicso-X)*HiiisIOpe))

Where: X is the logarithm of 4-0H ASDN concentration (M)
Y is the percent activity

The software incorporated a weighting factor for the percent of activity values of 1/y.
Observed individual percent activity values above 100% were set to 99.5%. As shown in
the above equation, the cure fitting equation uses the fixed value of 100 as the
numerator. Fixing the top and bottom boundary allowed for estimation of the lCso value
on inhibition curves that may not span the entire inhibition range from 100% to 0%.

For each test substance concentration and replicate the estimated 10glOlCso (/1), the within
replicate standard error of fl, the lCso, the slope (ß), the within replicate standard error of
ß, and the "Status" of each response curve was displayed in a Table 12 (also see
Appendix G for full statistical analysis).

3.8 Retention of Records

All study records, including final report, are retained in the archives as specified in the
study protocol.

4.0 RESULTS

4.1 Radiochemical Purity

The radiochemical purity for the substrate androstenedione was 97% as reported by RTI
International (Appendix C).

9
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4.2 Stock Formulation Analysis

The 0.01 M solution of 4-hydroxyandrostenedione in 95% ethanol was prepared by the
Sponsor's Chemical Repository. The actual concentration was within 10 % of the target
concentration (Appendix D).

4.3 Protein Analysis

Protein concentration measurements were done according to the procedure provided in
Section 3.5 of this report. To measure the protein concentration a 1:10 microsome
dilution in assay buffer were processed. The results of measuring the protein
concentration are provided in Table 8.

Table 8. Protein Concentration

1

2
3

4

0.6456
0.5415
0.5437
0.5396

0.0053
0.0044
0.0044
0.0044

4.4 Aromatase Activity

Table 9 summarizes the full aromatase activity control values measured at the beginning
and at the end of each assay run (in full activity control samples). Four independent
measurements of the full aromatase activity (in duplicate, at the beginning and at the end
of each assay) were performed. The overall full activity (mean :f sd, n=4) for all
measurements was 0.187:f 0.014 nmol/mg protein/min. Background aromatase activity
in control samples (two at the beginning and two at the end of each assay) was very low
(-:0.2% of full control aromatase activity) suggesting that there was no nonspecific
product formation or unintentional contamination with ß-NADPH (Appendix E,
Individual Replicate Spreadsheets for individual background activity values). The
differences between the beginning and the end activity of full aromatase activity values
were between 17.1% (for the first replicate) and 4.8% (for the third replicate).

10
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Table 9. Full Aromatase Activity Controls (FAAC, nmoles/mg protein/min)

FAACFAAC
R~piicate R~ginningEnd

1 0.1963 0.1788
1 0.2113 0.1592
2 0.1800 0.1511
2 0.1781 0.1711
3 0.1961 0.1861
3 0.1890 0.1805
4 0.2112 0.1945
4 0.2169 0.1956

a. Calculated for first three replicates.
b. Calculated for all four replicates.
c. Calculated for 2 to 4 replicates.

0.1864 0.0225 0.0112 12.06

0.1701 0.0132 0.0066 7.77 0.1815a 0.0099 0.0057 5.45
0.1872b 0.0141 0.0071 7.52

0.1879 0.0065 0.0032 3.45 0.1875c 0.0172 0.0100 9.19

0.2046 0.0112 0.0056 5.49

4.5 Percent of Control

Table 10 summarizes aromatase activity (expressed as a percent of full activity) detected
in assays with various inhibitor (4-0H ASDN) concentrations. Increasing the 4-0H
ASDN concentration affected the aromatase activity in a concentration-dependent
manner. The highest applied concentration of 4-0H ASDN (1.0 x 10-6 M) inhibited
aromatase activity to approximately 9.3% of full enzyme activity (ca. 90% inhibition);
the lowest concentration of 4-0H ASDN (1.0 x 10-9M) inhibited aromatase activity only
approximately 7% (ca. 93% of aromatase activity remains intact, Table 11).

11
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Table 10. Individual Percent of Control Values by Tube and Replicate

Test Log ~TU;~~Subståûce i:~Jlliçate (dIest Substance) Ilgån st.r sêm o/ö;êv
-6.00 9.59 9.42 8.88 9.30 0.37 0.21 3.99
-7.00 46.49 48.25 48.08 47.61 0.97 0.56 2.04

1
-7.30 65.03 64.00 63.23 64.09 0.90 0.52 1.41
-7.60 76.72 75.94 79.58 77.41 1.92 1.1 2.48
-8.00 80.12 80.05 83.56 81.24 2.01 1.6 2.47
-9.00 87.98 95.43 90.18 91.20 3.83 2.21 4.20
-6.00 7.86 7.49 8.13 7.83 0.32 0.19 4.11
-7.00 40.78 39.10 39.71 39.86 0.85 0.49 2.13

2
-7.30 55.77 55.12 57.93 56.27 1.47 0.85 2.61
-7.60 74.92 73.52 71.73 73.39 1.60 0.92 2.18
-8.00 84.67 82.88 80.47 82.67 2.11 1.22 2.55

4-0H ASDN -9.00 90.34 90.11 95.58 92.01 3.09 1.79 3.36
-6.00 8.82 8.50 8.83 8.72 0.19 0.11 2.15
-7.00 45.54 43.25 44.13 44.31 1.6 0.67 2.61

3
-7.30 66.80 64.11 64.31 65.07 1.0 0.87 2.30
-7.60 77.46 75.98 70.71 74.72 3.55 2.05 4.75
-8.00 96.48 91.24 86.62 91.45 4.93 2.85 5.39
-9.00 98.98 95.86 103.99 99.61 4.10 2.37 4.12
-6.00 11.34 11.22 11.8 11.1 0.08 0.05 0.74
-7.00 48.64 54.37 51.7 51.53 2.87 1.66 5.56

4
-7.30 63.77 67.64 66.29 65.90 1.96 1.3 2.98
-7.60 71.97 79.29 75.76 75.67 3.66 2.12 4.84
-8.00 85.11 83.28 84.36 84.25 0.92 0.53 1.09
-9.00 89.34 87.01 86.51 87.62 1.51 0.87 1.72

Table 11. Replicate Mean and Overall Mean Percent of Control Values

Log
(Test Substance)

-6.00
-7.00
-7.30
-7.60
-8.00
-9.00

9.30
47.61
64.09
77.41
81.24
91.20

7.83
39.86
56.27
73.39
82.67
92.01

cv
11.1 9.29 1.48 0.74 15.89
51.53 45.83 4.95 2.48 10.81
65.90 62.83 4.44 2.22 7.06
75.67 75.30 1.69 0.85 2.25
84.25 84.90 4.53 2.27 5.34
87.62 92.61 5.04 2.52 5.44

4-0H ASDN

4.6 lCso

Based on the curve-fit of the percent of control aromatase activity across six
concentrations of 4-0H ASDN, the calculated lCso values are presented in Table 12. The
overall lCso value based on calculations for all four replicates is 83.8 nM (16.1 % CV) and
overall lCso value based on calculations for three (2-4) replicates is 82.9 nM (19.7% CV).

12



Battelle Study Number G608317

Table 12. Calculated IC50 Values

a.

Log SKLQg
RtiPli~~t~ I1C50) I1C50) SESlope Status*

1 -7.062 0.02430 86.79 -0.9022 0.03667 C

2 -7.183 0.01653 65.58 -0.9031 0.02662 C

3 -7.071 0.01571 84.93 -0.9678 0.02755 C

4 -7.008 0.02920 98.07 -0.8528 0.04000 C 83.84c 13.49 6.74 16.09
The Status of each response curve is indicated as "c" Complete (response cure ranging from essentially
o percent to 1 00 percent of control).

** Arithmetic calculations.
Calculated for 1 to 3 replicates.
Calculated for replicate 2 to 4.
Calculated for all four replicates.

4-0H
ASDN 82.86b 16.34 9.44 19.72

*

b.

c.

The following figures (Figure 1 through Figure 3) present concentration response curves.
Figure 1 presents average percent of control activity of each replicate (1 to 4), Figure 2
represents overall average concentration response curve across 1 to 4 replicates and
average responses across repetitions, and Figure 3 represents overall average
concentration response curve across each replicate (2 to 4) and average responses across
repetitions.
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4.7 Statistical Analysis

The full statistical analysis report is presented in Appendix G. There are some small
differences in data obtained from the Prism output and data presented in the Statistical
report obtained by applying the SAS statistical analysis system. Two-way analysis of
variance was carried out, separately for the full enzyme activity control tubes and the'
background activity tubes. The factors in the analysis of variance were replicate, portion
(beginning or end), replicate by portion interaction. The error corresponded to repetition
within replicate and portion. The results are presented in Table 13. No significant
differences between the beginning and the end, averaged across replicates, were observed
for background activity controls. Highly significant differences between the beginning
and the end portions were observed for the full enzyme activity control.

Table 13. Variance Components of Full Enzyme Activity Control and Background Activity
Control Percent of Control Values. Position Effects and Variation Across
Replicates of Portion Effects Within Replicates.

p-Value/
Degree of
Freedom

en Beginning
ortions

Portion*
Re licate

Re licates 1 to 4

Background 0.1001
0.1883/df=14 0 -:0.00001 0.0210 0.0210

Activity (0.0724)

Full Enzyme 10.8440
Activity

(2.2042)
0.0002/df=14 0 0 19.4339 19.4339

Control

Replicates 2 to 4

Background
Activity

0.1109
(0.0976)

0.2821/df=1O o -:0.00001 0.0286 0.0286

Full Enzyme
Activity
Control

a. The replicate component of 
variation is constrained to be 0, by definition of background activity and full

enzyme activity control responses.

8.2467
(1.8565)

0.0013/df=10 o o 10.3403 10.3403

The average 10glOICso (i-) and slope (ß) estimates across replicates and associated 95%
confidence intervals are presented in Table 14 (for graph see Appendix G). Replicate 2
had a lower 10glOICso than the other three replicates. Replicate 4 had a higher estimated

10glOICso and less negative slope than the other replicates.

The results of analyses of variance for 10glOICso (i-) and slope (ß) are presented in
Table 15. For each replicate, the squares of the standard errors associated with each
parameter (i- and ß) are given. The variance for ICso among the replicates was high
compared to the variances within replicates; it was at least 8 times higher when only
replicates 2 to 4 considered or 5 times higher when all 4 replicates were considered.
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5.0 DISCUSSION

4-Hydroxyandrostenedione (4-0H ASDN) is the known aromatase inhibitor. Six different
concentrations of 4-0H ASDN ranging from 1 x 10-9 to 1 x 10-6 M were applied to create the dose
response curve. Four independent replicates for aromatase assays were performed (one replicate
was added because lCso calculated for the second replicate was slightly out of range observed for
replicate 1 and 3). At the inhibitor concentration at 1 x 10-9 M, almost no inhibition was observed

(92.6% of control activity) and at 1 x 10-6 M almost full inhibition (9.29% of control activity) was
observed. The concentration response curves were similar across four replicates.

The overall lCso value for 1 to 4 replicates was 83.8 nM and 82.9 nM for 2 to 4 replicates. The
lCso for second replicate was significantly lower than the average across the other three replicates.
Replicate 3 had a more negative slope than the other three replicates. Replicate 4 had higher
estimated lCso and a less negative slope than the other replicates.

No background enzyme activity was detected through all four replicates. There was some
difference between full enzyme activity control at the beginning and at the end of each assay
within each replicate. The highest difference was observed in first replicate (ca. 17%), for the
remaining three replicates difference was between 4.8 and 10%. No significant difference in full
enzyme activity was observed between replicates.

6.0 CONCLUSION

The responsiveness (in concentration dependent manner) ofthe recombinant microsomes
aromatase assay to 4-hydroxyandrostenedione was confirmed.
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AROMA TASE ASSAY VALIDATION
POSITIV CONTROL STUDY: RECOMBINANT MICROSOMES

1.0 OBJECTIVES

The objective of this protocol is to describe procedures for conduct ofthe aromatase assay using
recombinant microsomes. Positive Control Study refers to the use of
4-hydroxyandrostenedione (4-0H ASDN, a known aromatase in1bitor) in the aromatase assay to
demonstrate the responsiveness of the assay to aromatase irùiibitors.

Justification for test system: The test system for this study is recombinant microsomes. 1bs test
system was selected because it provides a biological source of the aromatase enzyme and, since
the assay is being evaluated for its potential to serve as a screening assay, the use of human
recombinant microsomes enhances its predictive potential.

Route of admiistration and reason for its choice: The route of administration is not applicable
since the test system uses recombinant microsomes. The microsomes, reagents, and test substance
wil be incubated in a common reaction vessel so that the effect of test substance on aromatase
enzymatic activity can be evaluated.

2.0 MATERILS RECEIP AN/ORPREPARATION

A sufficient supply of chemical reagents, radiolabeled and non-radiolabeled androstenedione, and
human recombinant microsomes will be obtained prior to initiation of the first set of expeiiments
to ensure that suffcient quantities are available to conduct the studies.

Procedure for identification of the test system: Each test tube used in the conduct of the aromatase
assay will be uniquely identified by applying a label or writing directly on the test tube.

2.1 Substrate

2.1.1 Substrate Name/Supplier

The substrate for the aromatase assay is androstenedione (ASDN). Non-radiolabeled
and radiolabeled ASDN will be used. The non-radiolabeled ASDN and the
radiolabeled androstenedione ((1 ~-3HJ-androstenedione, ('HJASDN) will be provided
to the laboratoiies by Battelle's Chemical Repository (CR). The CR wil foiward all
applicable infoimation regarding supplier, lot numbers and reported/measured puiity
for the substrate to the laboratories and this infoimation wil be included in study
repoits. The radiochemical purity of the ('HJASDN (of each lot that is used) wil be
assessed by the lead laboratory (RTI). The radiochemical purty wil be greater then
approximately 95% and, ifless then 95%, then the Sponsor wil be notifed.

i9Copyright 2004. Battelle. All Rlghts Reserve.
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2.1.2 Preparation of Substrate Solution for use in Aromatase Assay

A solution containing a mixture of non-radiolabeled and radiolabeled eHJASDN will
be prepared to achieve 100 nM final concentration of ASDN in the assay and the
amount of tritium added to each incubation about 0.1 ~LCi. TIiis substrate solution
should have a concentration of2 l!M with a radiochemical content of about 1 ~LCi/mL.

The following ilustrates the preparation of a substrate solution using a stock of
eHJASDNwith a specific activity of25.3 Ci/mmol and a concentration of 1 mCi/in.
Prepare a 1:100 dilution of the radiolabeled stock in buffer. Prepare a 1 mg/mL
solution of ASDN in ethanol and then prepare dilutions in bufer to a final
concentration of ll!g/mL. Combine 4.5 mL ofthe ll!g/mL solution of ASDN, 800
l!L of the (3HJASDN dilution and 2.7 mL buffer to make 8 inL of substrate solution
(enough for 80 tubes). Record the weight of each component added to the substrate
solution. After mixing the solution well, weigh aliquots (ca 20 l!L) and combine with
scintilation cocktail for radiochemical content analysis. The addition of 1 00 ~LL of the

substrate solution to each 2 mL assay volume yields a final eHJASDN concentration
ofIOOnMwithO.Il!Ci/tube.

2.2 Test Substance

4-0H ASDN is a known aromatase inhbitor. Other known or potential inhibitors may be
tested.

2.2.1 4-Hydroxyandrostenedione (4-0H ASDN)

CAS No.: 566-48-3
Molecular Formula/Weight: C19H2603; 302.4 g/mol

Supplier: Sigma
Lot No: 063K4069
Purity: 99% (as per Sigma, assessed by liC)

Storage Conditions: 2-8°C (for bulk chemical, solution storage conditions to be
deteimined)

2.2.2 Test Substance Formulation and Analysis

Test substance stock solutions wil be prepared and analyzed by the Chemical
Repository (CR) for the EDSP and distributed to the laboratories. 4-0H ASDN wil be
foimulated in 95% ethanoL. The total volume of test substance formulation used in
each assay should be no more than 1 % of the total assay volume (i.e., 20 ILL in a 2 mL
assay) in order to minimize the potential of the solvent to inhbit the enzyme activity.
Dilutions of the stock solution will be prepared in ethanol on the day of use such that
the target concentration of inhibitor can be achieved by the addition of 20 fÙ of the
dilution to a 2 in assay volume.

""Copyright 2004, Baltelle. All Rights Reserved.
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2.3 Microsomes

Recombinant microsomes will be supplied to each laboratory by the kad laboratory. The
microsomes must be stored at approximately -70°C. Bulk microsomes (not diluted) could be
thawed!Üeeze several times. The approximate protein content of the microsomes wil be
provided.

Caution: Microsomes can be denatured by detergents. Therefore, it is important to ensure that
all glassware, etc. used in the preparation or usage of microsomes is free of detergent æsidue.

On the day of use, microsomes will be thawed quickly in a 37 lo 1°C water bath and then
immediately transferred to an ice bath. TIie microsomes wil be æhomogenized using a
Potter-Elvejhem homogenizer (about 5-10 passes) prior to use. The microsomes wil be
diluted in buffer (serial dilutions may be necessary) to an approximate protein concentration
ofO.OOS mg/mL. The addition of 1 mL of that microsome dilution wil result in a final
approximate protein concentration of 0.004 mg/mL in the assay tubes. All microsome
samples will be kept on ice until they aæ placed in the water bath just prior to their addition
to the aroriatase assay. The microsomes should not be kft on ice for longer than
approximately 2 hours bdore proceeding with the assay or the microsomal enzyme activity
may be decreased. Under no conditions should microsomes, that have been thawed and
diluted for use, be reÜozen and used again.

2.4 Other Assay Components

2.4.1 Buffer

The assay buffer is 0.1 M sodium phosphate buffer, pH 7.4. Sodium phosphate
monobasic and sodium phosphate dibasic will be used in the preparation ofthe buffer.
Solutions of each æagent at 0.1 M will be prepared in deionized water and then the
solutions wil be combined to a final pH of 7.4. The assay buffer may be stored for up
to one month in the refrigerator (ca. 2-8 °C).

2.4.2 Propylene Glycol

Propylene glycol wil be added to the assay directly as described below.

2.4.3 NADPH

NADPH (~-nicotinamide adenie dinuckotide phosphate, reduced form), is the
required co-factor for aromatase. The final concentration in the assay will be 0.3 mM.
Typically, a 6 mM stock solution wil be pæpaæd in assay buffer and then 100 ¡.L of
the stock wil be added to the 2 mL assay volume. NADPH solution must be prepared
fresh each day and kept on ice until use.

"'Copyright 2004, BotteDe. All Rights Reserved.
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3.0 PROTEIN ASSAY

The protein concentration in the microsomes wil be determned each day of microsome use in
the aromatase assay by using a DC Protein Assay kit purchased from Bio-Rad (Hercules, CA).
A 6-point standard CUlve wil be prepared, ranging from 0.13 to 1.5 mg proteinlmL. The protein
standards wil be made from bovine serum albumin (BSA). To a 25 ilL aliquot of micro somes
solution (1 :50 dilution of microsomes may be required) or standard, 125 ilL of BioRad DC
Protein Kit Reagent A will be added and mixed. Next, 1 mL of BioRad DC Protein Kit
Reagent B wil be added to each standard or micro somes solution and the samples wil be gently
mixed. The samples wil be allowed to sit at room temperature for at least 15 min to allow color
development. (The absorbances are stable for about 1 hour.) Each sample (unknown and
standards) wil be transfened to disposable polystyrene cuvettes and the absorbance (750 nm)
wil be measured using a spectrophotometer. The protein concentration of the microsomal sample
wil be determined by interpolation, reading the concentration of protein on the standard Cllve
that corresponds to it~ absorbance.

4.0 AROMATASE ASSAY METHOD

The assays wil be pedoimed in 13xIOO mm test tubes maintained at 37 01 1 DC in a shaking water
bath. Propylene glycol (100 pL), fH)ASDN, NADPH, and buffer (0.1 M sodium phosphate
buffer, pH 7.4) wil be combined in the test tubes (total volume 1.0 mL). The final concentrations
for the assay components are presented in Table 1. The tubes and the microsomal suspension will
be placed at 3701 1°C in the water bath for approximately IÏve minutes prior to initiation of the
assay by the addition of 1 mL ofthe diluted microsomal suspension. The total assay volume wil
be 2.0 mL, and the tubes wil be incubated for 15 min. The incubations wil be stopped by the
addition of methylene cWoride (2.0 mL); the tubes wil be vortex-mixed for ca. 5 s and placed on
ice. The tubes wil be then vortex-mixed an additional 20-25 s. The tubes will then be
centrifuged using a Beckman GS-6 centrifuge with GH-3.8 rotor for 10 minutes at a setting of
1000 rpm. The methylene chloride layer will be removed and discarded; the aqueous layers are
extracted again with methylene cWoiide (2.0 mL). Tlis extraction procedure will be performed
one additional time, each time discarding the methylene cWoride layer. The aqueous layers will
be transfened to vials and duplicate aliquots (0.5 mL) will be transfelTed to 20-mL liquid
scintillation counting vials. Liquid scintillation cocktail (Ultima Gold, Packard, 10 mL) will be
added to each counting vial and shaken to mix the solulIon.

Table 1. Optimized Aromatase Assay Conditions

Microsomal Protein (mg/mLY

NADPH (mM)'

('H)ASDN (nM'

0.004

0.3

Incubation Time (min)

'Final concentrations

100

15

a;Copyrighl 2004, Ballelle. All Rights Reserved.
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Analysis of the samples wil be performed using liquid scintilation spectrometry (LSS).
Radioactivity found in the aqueous fractions represents amount offoimed 'H20.

Results wil be presented as the activi1y (veloci1y) of the enzyme (aromatase). The amount of
estrogen product foimed wil be detemiined by dividing the total amount of 

' H20 formed by the
specific activi1y ofthe l'HJASDN substrate (expressed in dpm/nmol). The activi1y of the enzyme
wil be expressed in nmol (mg proteinr1min,i and wil be calculated by dividing the amount of
estrogen formed by the amount of microsomal protein used (in mg) times the incubation time, e.g.
15 minutes.

5.0 USE OF TIE AROMATASE ASSAY FOR MEASURMENT OF ie5"

5.1 Positive Control Study

Each study wil test the aromatase activity inhbition in the presence of 4-0H ASDN. Six
different concentrations of 4-0H ASDN wil be used. Each concentration of 4-0H ASDN
will be run in triplicate. Three replicates of aromatase assay wil be run independently. See
Table 2 for the study design. Full and background activi1y control samples wil be included
in each assay run. Full activi1y controls wil contain substrate, NADPH, propylene glycol,
buffer, vehicle (used for preparation of 4-0H ASDN solutions), and microsomes.
Background activi1y controls wil contain all ful activi1y control assay components except
NADPH and wil serve as assay blanks. Four full activi1y and four background activi1y
controls will be included with each assay run and wil be processed in the same manner as
the other samples. The controls sets wil be split so that two tubes (of each full and
background activi1y control) wil be run at the beginnng and two at the end of each study
set.

The assay wil be conducted as described in Section 4.0 with the following modification.
4-0H ASDN solution (or vehicle) wil be added to the mixture of propylene glycol,
substrate, NADPH and buffer in a volume not to exceed 20 ¡. prior to preincubation of that
mixture. The volume of bufer used wil be adjusted so the total incubation volume remains
at 2 mL.

I!Copyrlght 2004, Battelle. All Rlghts Reserved.
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Table 2. Positive Control Study Design

Descri . tion
Complete assay' with inhibitor

vehicle control

Complete assay with inhibitor
vehicle control omittin NADPH

Complete assay with 4-0H
ASDN added

Complete assay with 4-0H
ASDN added

Complete assay with 4-0H
ASDN added

Complete assay with 4-0H
ASDN added

Complete assay with 4-0H
ASDN added

Complete assay with 4-0H
ASDN added

'The Complete Assay contains buffer, propylene glycol, microsomal protein, ('H)ASDN and NADPH

Full Activity Control 4

Background Activity Control 4

4-0H ASDN Concentration 1 3

4-0H ASDN Concentration 2 3

4-0H ASDN Concentration 3 3

4-0H ASDN Concentration 4 3

4-0H ASDN Concentration 5 3

4-0H ASDN Concentration 6 3

5.2 Data Analysis and Presentation

N/A

N/A

1 x 10-6

1 x 10-7

5 x 10-8

2.5 x 10-8

1 x 10-8

1 X 10-9

The data to be reported wil include the following information: assay date and fUn number,
technician, irùbitor, total dpm - background dpm, and % activity. The average background
dpm values should be subtracted fÌom the assayed samples dpm values to provide dpm for
specific aromatase activity. A spreadsheet wil be developed by the lead laboratory that wil
be used to process the data into a final form for analysis and evaluation. A working
document detailing the conversion of the data from dpm to ruol, as well as the actual
methods for calculations of the final aromatase activity wil be distributed to the
laboratories. This process is briefly summarized below.

The spreadsheet calculates dpm/mL for each aliquot of extracted aqueous incubation
mixture and average dpm/mL and total dpm for each aqueous portion (after extraction).
Multiplication of the volume (mL) of substrate solution added to the incubation by the
substrate solution radiochemical content (dpm/mL) yields the total dpm present in the assay
tube at initiation. The total dpm remaining in the aqueous portion after extraction divided by
the total dpm present in the assay tube at intiation times 100 yields the percent of the
substrate that was converted to product The total dpm remaining in the aqueous pOltion
after extraction is corrected for background by subtracting the average dpm present in the
aqueous portion of the background activity control tubes (for that day/assay)_ This corrected
dpm is then conveited to ruol product foimed by dividing by the substrate specific activity
(dpm/nmol)_ The activity of the enzyme is expressed in ruol (mg protein)"lmin-1 and is
calculated by dividing the amount of estrogen formed (nmol) by the amount of microsomal

(!Copyright 2004, BalteUe. All Rights Reserved.
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protein used (in mg) times the incubation time (in min). Average activity in the full activity
control samples for a given Study is calculated, Percent of activity remaining in the
presence of various inhibitor concentrations is calculated by dividing the aromatase activity
at a given inhibitor concentration by the average full activity control and multiplying by 100.

ICso will be calculated using Prism (Version 4.0) software to fit the percent of control
activity and log concentration data to a curve using the following equation:

Y=Bottom + (Top-Bottom)/(l + io((LogIC".X)'Hilislope))

Where: X is the logarithm of concentration
Y is the percent activity
Bottom is the lower plateau
Top is the upper plateau.

TIie data will be fOimatted as follows:

· One spreadsheet or table will display the dpm for all assay tubes, calculations
of activity (ruol (mg protein)"lmin'l) etc.

. Another table will present the results ofthe analysis of variability of the assay
and will include:
(1) the vaiiation between replicates within a single assay,
(2) the day to day (study-to-study) variation.

. Graphs of activity versus log chemical concentration.

· Table ofICsos by date, mn, technician, assay method.

6.0 STATISTICAL ANALYSES

Statistical analysis of the data wil be conducted by a statistical analysis plan developed by
Battelle's EDSP Data Coordination Center. The salient aspects of the plan are described below.

The following concentration response curve will be fitted to relate percent of control activity to
logaiithm of concentration within each replicate

Y = B + (T - B)/(l + 10(¡,X)ßJ + z

where z is the vaiiation among repetitions, distributed with mean 0 and variance proportional to
DA VG (based on Poisson distiibution theory for radiation counts), 'The response curve will be
fitted by weighted least squares nonlinear regression analysis with weights equal to 1000/DA VG.
Model fits wil be caITied out using PriSm software (Version 3 or higher).

The concentration response fits wil be camed out for each replicate test within each test
compound. Based on the results of the fit within each replicate the extent ofaromatase inhibition
will be summarized as ICso (10~) and slope (ß). TIie estimated ICso for an inhibitor compound
will be the geometric mean across the replicates. The estimated overall standard eITor wil be
based on the standard eITors within each replicate and the replicate-to-replicate vaiiability.

~Copyright 2004, BalleUe. All Rights Reserved.
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The average value and standard error oflogioIC,o or ß can be calculated based on a one-way
random effects analysis of variance model fit.

6.1 Graphical and Analysis of Variance Comparison among Concentration Response Curve Fits

For each replicate treat (ß, ¡.) as a random variable with mean (ßuvg, /Lvg) and covariance ¿; (ß,

~) across replicates. Let Buvg, T,vg denote the average bottom and top across the replicates.
Let

Z " (Y - Buvg)/(T,vg - B,vg)

L " 10gio(Z/(1 - Z)).

The average response curve is expressed as

L " ß,vg(¡.,vg - X)

with approximate standard errors of prediction ofL at a given X based on ¿; (ß,~) and
propagation of eiTors. These are used to calculate approximate confidence intervals for
predictions at each X. The linearized response cuive and associated confidence intervals are
back transformed to yield the response curve in tenns of percent of control, Y

Y,vg = Buvg + (Tuvg - Buvg)(IO ß,vg(¡uvg-X)J/(l + 10 ßuvg(¡uvg-XJj.

Slope (ß) and 10gioIC,o (¡.) wil also be compared across replicates based on random effects
analysis of variance, treating the replicates as random effects. ß and ¡. are estimated,
separately within each replicate, and plotted along with the average and associated 95%
confidence interval across replicates.

6.2 Negative and Positive Control Values Across Replicates

Within each replicate, quadruplicate repetitions will be made of the background activity
tubes and the fun activity control tubes. Half the repetitions wil be canied out at the
beginning of the replicate and half at the end. Ifthe conditions are constant throughout the
replicate test, the control tubes at the beginning should be equivalent to those at the end. To
assess whether this is the case the control responses win be combined across replicates and
expressed as percent of (full) control activity. The average of the four background activity
samples within a replicate must necessarily be 0 and the average of the four fun postive
controls within a replicate must necessarily be 100. The two beginnig controls and the two
end controls wil be plotted by replicate with plotting symbol distinguishig between
beginning and end, and with reference line 0% (background activity) or 100% (positive
control) respectively. These plots wi1 display the extent of consistency across replicates
with respect to average value and variability and wil provide compaiisons of beginning
versus end of each replicate. Two-way analysis of variance will be canied out, separately
for the full activity control tubes and the background activity tubes. The factors in the
analysis ofvaiiance wil be replicate, portion (beginning or end), replicate by porton
interaction. The eITor corresponds to repetition within replicate and portion. The response
will be percent of control aromatase activity. If the daily replicates are in control the portion

tlCopyrigh12004, Baltelle. All Rights Reserved.
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main effect and portion by replicate interaction should be nonsignificant. Note that the
replicate effects wil not be estimable, because of the constrained totals witmn each replicate.
For puiposes of evaluation replicate wil be treated as a fixed effect. If portion by replicate
interaction is significant the nature of the effect will be assessed by comparing the portion
effect within each replicate to the portion effect averaged across replicates, adjusting for
simultaneity by Scheffe's method. The portion effect within each replicate and the portion
effect averaged across replicates, and associated 95% confdence intervals, wil be presented
grapmcally.

6.3 Variability Assessment

For the irùiibitor test compound variability among replicates and variability among
repetitions witmn replicates wil be estimated and assessed for statistical signficance. TIie
response wil be aromatase activity. These analyses wil treat inhibitor concentration as a
classification variable and wil include both the full and background activity groups. The
factors in the mixed effects analysis ofvaiiance wil be concentration group (including full
and background activity groups), replicate, replicate by concentration interaction, and
residual variation. Residual variation cOiTesponds to repetition witmn replicate and

concentration. Inhibitor concentration wil be treated as a fixed effect. Replicate and
replicate by concentration interaction wil be treated as random effects. The analysis of
variance fit wil incorporate weights. The weight for responses in each concentration group
wil be based on the average of the dpm across all the replicates and repetitions withi
replicates associated with that concentration group. The weight for each concentration
group will be 1000/(Average dpm).

Normal probability plots will be prepared to identity outlying replicates or repetitions.
Deviations of average witmn replicate from average across replicates witmn that
concentration group will be ordered and plotted on a nOimal probability scale. The
diferences wil be normalized by ( Average dpm)'" for their concentration group to adjust for
diffeiing variability across concentration groups. Deviations of repetitions from average
across repetitions witmn replicate and concentration group will be ordered and plotted on a
normal probability scale. The clfferences wil be normalized by (Average dpm)' for their
concentration group to adjust for differing variability across concentration groups.

6.4 Statistical Software

Supplemental statistical analyses and displays such as summary tables, grapmcal clsplays,
analysis of vaiiance, and multiple comparisons will be carred out using the SAS statistical
analysis system, Version 8 or higher, or other general purpose statistical packages (e.g.
SPSS). The inter-laboratory statistical analysis wil be carred out by Battelle's EDSP Data
Coordination Unit.

6.5 Inter-laboratory Statistical Analysis

The inter-laboratOlY statistical analysis wil be carried out by Battelle's EDSP Data
Coordination Unit.

¡¡Copyrlght 2004, Battelle. All RJghts Reserved.
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7.0 RETENTION OF RECORDS

All records that remain the responsibility of the testing laboratory wil be retained in the archives
for the life of the contract.

8.0 QUALITY CONTROL/QUALITY ASSURCE PROCEDURS

Quality control (QC) and quality assurance (QA) procedures wil follow those outlined in the
Quality Assurance Project Plan (QAPP) that is prepared for this study. The study wil be
conducted in compliance with the Federal Register, 40 CFR Part 160. Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) Good Laboratory Practices Standards.

9.0 STUDY RECORDS TO BE MAINTAINED

. All records that document the conduct of the laboratory experiments and results obtained,
as well as the equipment and chemicals used

. Protocol and any Amendments

. List of any Protocol Deviations

. List of Standard Operating Procedures

. Quality Assurance Project Plan (QAPP) and any Amendments

. List of any QAPP Deviations

ilCopyrlght 2004, Battelle. All Rights Reserved.
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PROTOCOL AMENDMENT NUMBER 1

STUDY NUMBER: G608317

STUDY TITLE: Aromatase Assay Validation: Positive Control Study: Recombinant
Microsomes (WA 4-17, Task 3)

PART TO BE CHANGED: The second sentence of the Section 3, page 7 is changed
from: A 6-point standard cure will be prepared, ranging from 0.13-1.5 mg protein/mL.

CHANGED TO: A 6-point standard curve wil be prepared, ranging from 0.14-1.0 mg
protein/mL.

REASON FOR CHANGE: The protein standard (bovine seru albumin) stock solution
from BioRad Laboratories is 1.4 mg/mL and not 2.5 mg/mL as was originally believed
based on information obtained from the Lead Laboratory, Research Triangle Institute,
InternationaL.

EFFECTIVE DATE: December 16, 2004

APPROVED BY:

I3~L cØ c!41U
Boz aD. Lusiak, Study Director

1"(- 2q-oC.f
Date

~ i). -.. 9-ot(
Date
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PROTOCOL AMENDMENT NUMBER 2

STUY NUMBER: G608317

STUDY TITLE: Aromatase Assay Validation: Positive Control Study:
Recombinanat Microsomes (WA4-17, Task 3)

PART TO BE CHANGED: Paragraph 5.2 (Data Analysis and Presentation) and
Section 6.0 (Statistical Analyses); See Attachment 1.

CHANGE TO: See, Attachment 2.

REASON FOR CHANGE: Revision done on the request by Sponsor.

EFFECTIVE DATE: Januay 14,2005

APPROVED BY:

~ j- .i-o J/'
Date

-GO%l~JJal"d
j- ;1'1-05

Date
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5.2 . Data Analysis and Presentatio.n

The data to. be repo.rted wil include the. fo.llo.wing info.rmatio.n: assay date and run number,
technician; inhibito.r, to.tal dpm - backgro.und dpm, and % activity. The average background
dpm values sho.uld be subtracted fro.m the assayed samples dpm values to. pro.vide dpm fo.r
specific aro.matase activity. A spreadsheet wil be develo.ped by the lead labo.rato.ry that wil
be used to. process the data into. a final fo.rm fo.r analysis and evaluatio.n. A wo.rking
do.cument detailng the co.nversio.n o.fthe data from dpm to. nmo.l, as well asthe actual
metho.ds fo.r calculatio.ns o.fthe final aro.matase activity wil be distributed to. the
labo.rato.ries. This process is briefly summarized belo.w.

The spreadsheet calculates dpmlmL fo.r each aliquo.t o.f extracted aqueo.us incubatio.n
mixture and average dpm/mL and to.tal dpm fo.r each aqueo.us po.rtio.n (after extractio.n).
Multiplicatio.n o.fthe vo.lmne (mL) o.f substrate so.lutio.n added to. the incubatio.n by the
substrate so.lutio.n radio.chemical co.ntent (dpm/mL) yields the to.tal dpm present in the assay
tube at initiatio.n_ The to.tal dpm remaining in the aqueo.us po.rtio.n after extractio.n divided by
the to.tal dpm present in the. assay tube at initiatio.n times. 100 yields the percent o.fthe
substrate that was co.nverted to. product. The to.tal dpm remaining in the aqueo.us po.rtio.n
after extraction is co.rrected fo.r background by subtracting the average dpm present in the
aqueo.us portion of the background activity co.ntrol tubes (for that day/assay). This co.rrected
dpm is then converted to. nmo.l pro.duct fo.rmed by dividing by the substrate specific activity
(dpm/nmo.l). The activity ofthe enzyme is expressed in nmo.l (mg proteiny1min-i and is
calculated by dividing the amo.unt o.f estrogen fo.rmed (nmol) by the amo.unt o.fmicroso.mal
protein used (in mg) times the incubatio.n time (in min). Average activity in the. full activity
co.ntro.l samples fo.r a given Study is calculated. Percent of activity remaining in the
presence of various inhibito.r co.ncentratio.ns is calculated by dividing the aromatase activity
at a given inhibitor concentratio.n by the average full activity co.ntro.l and multiplying by 100.

ICso will be calculated using Prism (Version 4.0) softare to. fit the. percent of contro.l
activity and lo.g co.ncentratio.n data to. a curve using the fo.llo.wing equatio.n:

Y=Botto.m + (To.p-Bo.tto.m)/( i + 1 O((LogIC,,-X)'HiISlope~

Where: X is the lo.garithm of concentratio.n
Y is the percent activity
Bo.tto.m is the lo.wer plateau
To.p is the upper plateau.

The data wil be fo.rmatted as follo.ws:

.

One spreadsheet o.r table wil displar, the dpm for all assay tubes, calculations
o.f activity (nmol (mg proteiny1min- ) etc.
Another table wil present the results o.fthe analysis of variabilty o.fthe assay
and wil include:

(1) the variation between replicates within a single assay,

.

t!Copyright 2004, Battelle. All Right. Reserved.
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(2) the day to day (study-to-study) variation.

· Graphs of activity versus. log chemical concentration.
· Table. ofICsos by date, run, technician, assay method.

6.0 STATISTICAL ANALYSES

Statistical analysis of the data wil be conducted by a statistical analysis plan developed by
Battelle's EDSP Data Coordination Center. The salient aspects. of the plan are described below.

The following concentration response curve wil be fitted to relate percent of control activity to
logarithm of concentration within each replicate

Y = B + (T - B)/(1 + 10(~-X)~j + E

where E is the variation among repetitions, distributed with mean 0 and variance proportional to
DA VG (based on Poisson distribution theory for radiation counts). The response cure wil be
fitted by weighted least squares nonlinear regression analysis with weights equal to 1000IDA VG.
Model fits wil be carried out using Prism softare (Version 3 or higher).

The concentration response fits wil be carried out for each replicate test within each test
compound. Based on the results. ofthe fit within each replicate the extent of aromatase inhibition
wil be summarized as ICso (I 0 ~) and slope (ß). The estimated ICso for an inhibitor compound
wil be the geometric mean across the replicates. The estimated overall standard error wil be
based on the standard errors within each replicate and the. replicate-to-replicate variability.
The average value and standard error oflogloICso or ß can be calculated based on a one-way
random effects analysis of variance model fit

6.1 Graphical and Analysis of V ariance Comparison among Concentration Response Curve Fits

For each replicate treat (ß, ¡i) as a random variable with mean (ßavg, Ilvg) and covariance ~ (P.

~l across replicates. Let Bavg, Tavg denote the average bottom and top across the replicates_
Let

Z 1 (Y - Bavg)/(T 'vg - B.vg)

L /logio(Z/(1 - Z)).

The average response curve is expressed as

L I ß.vg(llvg - X)

with approximate standard errors of prediction of L at a given X based on ~ (P. ~l and
propagation of errors. These are used to calculate approximate confdence intervals for
predictions at each X. The linearized response curve and associated confidence intervals are
back transformed to yield the response curve in terms of percent of control, Y

Yavg = Bavg + (Tavg - B.vg) (1 0 Pavg(Ilvg.xlj/(1 + 1 0 pavg(Ilvg - Xlj.

OCopyright2004, Battelle. All Rights Reserved.
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Slope (ß) and logiolCso (¡i) wil also be compared across replicates based on random effects
analysis of variance, treating the replicates as. random effects. ß and fJ are estimated,
separately within each replicate, and plotted along with the average and associated 95%
confidence interval across replicates.

6.2 Negative and Positive Control Values Across Replicates

Within each replicate, quadruplicate repetitions wil be made of the background activity
tubes and the full activity control tubes. Half the repetitions will be. carried out at the
beginning of the replicate and half at the end. . lfthe conditions are constant throughout the
replicate test, the control tubes at the. beginning should be equivalent to those at the end. To
assess whether this is the case the control responses wil be combined across replicates and
expressed as percent of (full) control activity. . The. average of the four background activity
samples within a replicate must necessarily be 0 and the average of the four full postive
controls within a replicate must necessarily be 100. The two beginning controls. and the two
end controls wil be plotted by replicate with plotting symbol distinguishing between
beginning and end, and with reference line 0% (background activity) or 100% (positive
control) respectively. These plots wil display the extent of consisten~y across replicates

with respect to average value and variabilty and wil provide comparisons of beginning
versus end of each replicate. Two-way analysis of variance wil be caried out, separately
for the full activity control tubes and the background activity tubes. The factors in the
analysis of variance wil be replicate, portion (beginning or end), replicate by portion
interaction. The error corresponds to repetition within replicate and portion. The response
wil be percent of control aromatase. activity. If the daily replicates are in control the portion
main effect and portion by replicate interaction should be nonsignificant. . Note that the
replicate effects wil not be estimable because of the constrained totals within each replicate.
For purposes of evaluation replicate wil be treated as a fixed effect. If portion by replicate
interaction is significant the nature of the effect wil be assessed by comparing the portion
effect within each replicate to the portion effect averaged across replicates, adjusting for

simultaneity by Scheffe's method. The portion effect within each replicate and the portion
effect averaged across replicates, and associated 95% confidence intervals, wil be presented
graphically.

6.3 Variabilty Assessment

For the inhibitor test compound variability among replicates and variability among
repetitions within replicates wil be estimated and assessed for statistical significance. The
response wil be aromatase activity. These analyses wil treat inhibitor concentration as a
classification variable and wil include both the full and background activity groups. The
factors in the mixed effects analysis of variance wil be concentration group (including full
and background activity groups), replicate, replicate by concentration interaction, and
residual variation. Residual variation corresponds to repetition within replicate and
concentration. Inhibitor concentration wil be. treated as a fixed effect. Replicate and
replicate by concentration interaction wil be treated as random effects. The analysis of
variance fit wil incorporate weights. The weight for responses in each concentration group
wil be based on the average of the dpm across all the replicates and repetitions within

t1Copyright2004, Battelle. All Rights Reserved.
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replicates associated with that concentration group. The weight for each concentration
group wil be 1000/(Average dpm).

Normal probabilty plots wil be prepared to identify outlying replicates or repetitions.
Deviations of average within replicate from average across replicates within that
concentration group wil be ordered and plotted on a normal probability scale. The
differences wil be normalized by (Average dpm)Y. for their concentration group to. adjust for
differing variabilty across concentration groups. Deviations of repetitions from average
across repetitions within replicate and concentration group wil be ordered and plotted on a
normal probability scale. The differences wil be normalized by (Average dprif' for their
concentration group to adjust for differing variability across concentration groups.

6.4 Statistical Softare

Supplemental statistical analyses and displays such as summary tables, graphical displays,
analysis of variance, and multiple comparisons wil be carried out using the SAS statistical
analysis system, Version 8 or higher, or other general purpose statistical packages (e.g.
SPSS). The inter-laboratory statistical analysis wil be carried out by Battelle's EDSP Data
Coordination Unit.

6.5 Inter-laboratory Statistical Analysis

The inter-laboratory statistical analysis wil be carried out by Battelle's EDSP Data
Coordination Unit.

t1Copyright 2004, Battelle. All Rights Reserved.
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5.2 Data Analysis and Presentation

The data to be reported wil include. the following information: assay date and run number,

technician, chemical and log chemical concentration, total dpm-background dpm, and % activity.
The average of the dpm for the background tubes should be subtracted from the tubes with Total
dpm to provide dpm for specific aromatase activity. A spreadsheet wil be developed by the lead
laboratory that wil be used to process the data into a final form for analysis and evaluation. A
working document detailing the conversion of the data from dpm to mnol, as well as the. actual
methods for calculations of the. final aromatase activity wil be distributed to the. laboratories.
This process. is briefly summarized below.

The spreadsheet calculates dpm/mL for each aliquot of extracted aqueous incubation mixture and
average dpm/mL and total dpm for each aqueous portion (after extraction). Multiplication of the
volume (mL) of substrate. solution added to the incubation by the substrate solution radiochemical
content (dpm/mL) yields the. total dpm present in the assay tube at initiation. The total dpm
remaining in the aqueous portion after extraction divided by the total dpm present in the assay
tube at initiation times. 100 yields the percent of the substrate that was converted to product. The
total dpm remaining in the aqueous portion after extraction is corrected for background by
subtracting the average dpm present in the aqueous. portion of the background activity tubes (for
that day/assay). This corrected dpm is then converted to nmol product formed by dividing by the
substrate specific activity (dpm/nmol). The activity. of the enzye reaction is expressed in mnol
(mg protein)"lmin'l and is calculated by dividing the amount of estrogen formed (mnol) by the
product of mg microsomal protein used times the incubation time. Average activity in the full
enzyme activity control samples for a given Study is calculated. Percent of control activity
remaining in the presence of various inhibitor concentrations is calculated by dividing the
aromatase activity at a given concentration by the average full enzme activity control and
multiplying by 100.

ICso wil be calculated using Prism (Version 3 or higher) software to fit the percent of control
activity and log concentration data to a curve using the following equation:

y= 1 00/( 1 + 1 O((LogICSO-X)*HiIlSlope))

Where: X is the logarithm of concentration
Y is the percent activity.

The data will be formatted as follows:
· One spreadsheet or table wil display the dpin for all assay tubes, calculations of activity

(nmol (mg protein)"lmin'l) etc.

· Another table wil present the results ofthe analysis ofvariabilty ofthe assay and will
include:
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(1) the variation between repetitions within a single replicate of the assay,

(2) the day to day (replicate-to-replicate) variation, and
(3) technician variation

· Graphs of activity versus log chemical concentration.

· Table ofIC5os: by date, ru, technician, assay method.

6.0 STATISTICAL ANALYSES

6.1 Concentration Response Fits for. the Test Substance

For the test substance multiple independent replicates of the concentration response Curve fit wil
be caried out. The number of replicates wil be thee. Full enzye activity and background

activity control percent activity values wil be compard across daily replicate tests for each test
substance.

For each replicate two repeat tubes of the full enzyme activity controls and the background
activity controls wil be prepared prior to the preparation of the repetitions of the inhibitor
compound and two repeat tubes of the full enzye activity controls and the background activity
controls wil be prepared afer the repetitions of the. inhibitor compound are prepared. Three
repetitions wil be prepared for each level of the inhibitor compound (4-0H ASDN).

For each repetition at each level the Excel database spreadsheet wil include total dpms per tube
(corrected for background dpms) and total aromatase activity per tube. The aromatase activity is
calculated as the (background corrected) dpm, normalized by the. specific activity of the
eH)ASDN, the. mg of protein of the aromatase, and the incubation time. The aromatase activity
is corrected for the background dpms, as measured by the. average of the background activity
tubes. Percent activity is the. (background corrected) aromatase activity divided by the average of
the aromatase activity in the full enzme activity control tubes, multiplied by 100. Thus the.
average percent activity across the four background activity repeat tubes must necessarily equal 0
within each replicate and the average percent activity across the four full enzyme activity repeat
tubes must necessarily equal 100 within each replicate. The total dpm values are not corrected

for background.

Nominally one might expect for an inhibitor tlie percent of control activity values to vary
between approximately 0% near the high inibition concentrations and approximately 100% near
the low inhibition concentrations. However individual experimental percent of control activity
values wil sometimes extend below 0% or above 100%.

Concentration response trend curves wil be fitted to the percent of control activity values within
each of the repeat tubes at each inhibitor concentration. Concentration is expressed on the log
scale. In agreement with past convention, logarithms wil be common logarithms (i.e. base 10).
Let X denote the logarith of the concentration of inhibitor compound (e.g. if concentration =
10-5 then X = -5). Let
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Y 1 percent of control activity in the inhibitor tube
X 1 logarithm (base 10) of the concentration
DA va 1 average dpms across the repeat tubes with the same inhibitor
concentration
ß 1 slope of the concentration response cure (ß wil be negative)

¡i 1 10giolC5o (IC5o is the concentration corresponding to percent of control activity

equal to 50%)

The following concentration response curve wil be fitted to relate percent of control activity
logarithm of concentration within each replicate:

Y = 100/(1 + 10(~-x)ß) + e

where e is the variation among repetitions, distributed with mean 0 and variance proportional to
DA VG (based on Poisson distribution theory for radiation counts). The variance is approximated
byY.

The response curve wil be fitted by weighted least squares nonlinear regression analysis with
weights equal to. l/Y.. Model fits wil be carried out using Prism softare (Version 3 or higher).
Observed individual percent activity values above 100% wil be set to 99.5%. Observed
individual percent activity values below 0% wil be set to 0.5%.1

The concentration response fis wil be. carried out for each replicate test. Based on the results of
the fit within each replicate the extent of aromatase inhibition wil be summarized as IC50 (10 ~)
and slope (ß). The estimated IC50 for the inhibitor wil be. a (weighted) geometric mean across the
replicates. The estimated overall standard error wil be based on the standard errors within each
replicate and the replicate-to-replicate variabilty. The average value and standard error of
logiolC5o or ß can be calculated based on a one-way random effects analysis of variance model fit.

For each test substance and replicate the estimated 10gioIC5o (iI), the within replicate standard

error of ¡i, the. lC5o, the slope (ß), the within replicate standard error of ß, and the "Status" of each
response curve wil be displayed in a table. The "Status" of each response. curve. is indicated as:

. "c" Complete. Le. ranging from essentially 0 percent to 100 percent of control.

. "II" lncomplete. But can interpolate to 10g¡oIC5o.

. "ix" Incomplete.. But must extrapolate to 10g1OIC5o.

Replicates for which a concentration response curve cannot be fitted (and so an lC50 cannot be
estimated) wil be referred to as "Iioninhibitors".

IThis adjustment tacitly assumes an upper bound of 100% an a lower bound of 0%. Fixing these bounds rather

than pennitting PRISM to fit variable Top and Bottom parameters permits estimation of the IC50 concentration on
inbition curves that do not span the entire inhibition range from 100% to 0%.
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6.2 Graphical and Analysis of Variance Comparisons Among Concentration Response
Curve Fits

For each replicate the individual percent of control values wil be plotted versus

logarithm of the inhibitor compound concentration. The fitted concentration response
curve wil be superimposed on the plot. lndividual plots wil be. prepared for each
replicate.

Additional plots wil be. prepared to compare the. percent of control activity values
across replicates. For each replicate the average percent of control values wil be
plotted versus logarithm of inhibitor concentration on the same plot. Plotting symbols
wil distinguish among replicates. The fitted concentration response curve for each
replicate wil be superiposed on the plot. On a separate plot the average percent of

control values for each replicate will be plotted versus logarithm of inhibitor compound
concentration. The average concentration response curve across replicates wil be
superimposed on the same plot.

For each replicate treat (ß, ¡i) as a random variable with mean (ß.vg, JlVg). Let X and Y
(0 ~ Y ~ 100) denote logarithm of concentration and percent of control, as defined
above.

The average response curve is

Y.vg= 100/(1 + 10 P.vg(¡ivg.X))

Slope (ß) and 10gioIC5o (¡i) wil also be compared across replicates based on random
effects analysis of variance, treating the replicates as random effects. ß and ¡i are
estimated, separately within each replicate, and plotted along with the average across
replicates and associated 95% confidence interval across replicates (including replicate-
to-replicate variation).

6.3 Full Enzyme Activity and Background Activity Control Values Across Replicates

Within each replicate, quadruplicate repetitions wil be made of the background
activity tubes and the full enzye activity control tubes. Half the repetitions wil be
caried out at the beginning of the replicate and half at the end. If the conditions are
constant throughout the replicate test, the control tubes at the beginning should be
equivalent to. those at the end. To assess whether this is the case the control
responses wil be. combined across replicates and expressed as percent of full enzyme
activity control activity. The. average of the four background activity samples within
a replicate must necessarily be 0 and the average of the four full enzyme activity
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controls within a replicate must necessarily be 100. The. two beginning controls and
the two end controls wil be plotted by replicate with plotting symbol distinguishing
between beginning and end, and with reference line. 0% (background activity) or
100% (full enzyme activity control) respectively. These plots wil display the extent
of consistency across replicates with respect to average. value and variabilty and wil
provide comparisons of beginning versus end of each replicate.

Two-way analysis of variance wil be caried out, separately for the full enzyme
activity. control tubes and the background activity tubes. The factors in the analysis
of variance wil be replicate, portion (beginning or end), replicate by portion
interaction. The error corresponds to repetition within replicate and portion. The
response wil be percent of control aromatase activity. lfthe daily replicates are in
control the portion main effect and portion by replicate interaction should be non-
significant. . Note that the replicate effects wil necessarily be zero because of the
constrained totals within each replicate. For the purposes of evaluation, replicate wil
be treated as a fixed effect. If portion by replicate interaction is significant the nature

ofthe effectwil be assessed by comparing the portion effect within each replicate to
the portion effect averaged across replicates, adjusting for simultaneity by
Bonferroni's method. The portion effect within each replicate and the portion effect
averaged across replicates, and associated 95% confidence intervals, wil be
presented graphically.

6.4 Statistical Softare

Concentration response curves wil be fitted to the data using the non-linear regression
analysis features in the PRISM statistical analysis package, Version 3 or higher.
Supplemental statistical analyses and displays such as summary tables, graphical
displays, analysis of variance, and multiple comparisons wil be carried out using the
SAS statistical analysis system, Version 8 or higher, or other general purpose statistical
packages (e.g. SPSS).

6.5 lnterlaooratory Statistical Analysis

The lead laboratory and each of the participating laboratories wil carry out "intra-
laboratory" statistical analyses based on their test data, according to this common
statistical analysis plan, developed by the Data Coordination Center (Battelle). The
Data Coordination Center will car out the "inter-laboratory" statistical analysis. It
wil combine summar values developed in each of the intra-laboratory analyses to
assess relationships among the. laboratory results, the extent of laboratory-to-Iaboratory
variation, and overall consensus estimates among the laboratories.
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4.0 PROJECT ORGANIZATION

The U.S. Environmental Protection Agency (EPA) is implementing the Endocrine
Disruptor Screening Program (EDSP). To support this program, the EP A has contracted with
Battelle to provide comprehensive toxicological and ecotoxicological testing services, including
chemical, analytical, statistical, and quality assurance (QA)/quality control (QC) support, to
assist EP A in developing, standardizing, and validating a suite of in vitro, mammalian, and
ecotoxicological screens and tests for identifying and characterizing endocrine effects through
exposure to pesticides, industrial chemicals, and environmental contaminants. TIie studies
conducted will be used to develop, standardize and validate methods, prepare appropriate
guidance documents for peer review of the methods, and develop technical guidance and test
guidelines in support of the Offce of Prevention, Pesticides and Toxic Substances regulatory
programs. TIie validation studies will be conducted under the EDSP Quality Management Plan
(QMP), study protocols, applicable Quality Assurance Project Plans (QAPPs), relevant program
and facility Standard Operating Procedures (SOPs), guidance documents, and Federal
lnsecticide, Fungicide and Rodenticide Act (FlFRA) Good Laboratory Practice Standards
(GLPs ).

One of the assays recommended for validation and consideration for inclusion in the
screening program is the aromatase assay. A Detailed Review Paper (DRP) was prepared for the
U.S. EP A in 2002 to review the scientifc basis ofthe aromatase assay and examine assays
reported in the literature used to measure the effect of chemical substances on aromatase.

Prevalidation studies on the aromatase assay (Work Assignment (W A) 2-24) were
conducted to optimize the microsomal aromatase assay protocol for recombinant microsomes,
demonstrate the utility of the microsomal assay to detect known aromatase inhibitors, and
compare the performance ofthe recombinant assay system and the placental microsomal assays.
Concerns with this initial work involving high variability in some runs and partial inhibition
curves were addressed in a supplemental prevalidation study (W A 4- i 0).

The objectives ofthis work assigmnent are to use the now optimized assay: (1) to obtain
intra- and interlaboratory assay variability estimates by conducting positive control experiments
at multiple laboratories, and (2) to test up to 10 reference chemicals with different modes of
action in order to test assay relevance.

TI1is work assignment is composed of multiple studies that are to be conducted by the
lead laboratory (Research Triangle Institute lnternational (RTI), Research Triangle Park, NC)
and three participating laboratories (Battelle, Columbus, OR; ln Vitro Technologies, Baltimore,
MD; WIL Research Laboratories, LLC, Ashland, OH). This QAPP will address the work to be
conducted in Tasks 3 and 4 ofthe work assignent.

A summary of the work assignment organization is shown in Figure 4-1.
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Poiiions of this work assignment will be managed at RTI, Battelle, WIL, and In Vitro.
At each of these laboratories, there will be a person responsible for preparing the protocol,
assigning appropriate staff to complete specified tasks within the protocol, and monitoring the
progress of both technical and fiscal milestones as outlined in the technical work plan. A study
director from each laboratory will report on the progress of the work assignment to Drs. David
Houchens and Jerry D. Johnson at Battelle through a series of planned conference calls and
through the use of written monthly report.

General scientific direction and supervision of the work pedormed under this work
assignment is provided by Dr. Jen-y D. Johnson, Battelle and Dr. James Mathews, RTl
lnternational. Dr. Johnson will serve as the Work Assignment Leader (W AL) for the
participating laboratories and Dr. Mathews for the lead laboratory (RTl).

Each laboratory will have a study director in charge of overseeing the daily operation and
conduct of the study. The individual laboratory teams will execute the necessary tasks required
in the study protocols and ensure the data are collected and handled appropriately. All ofthese
tasks are clearly defined in the study protocol.

The QAU representative for each laboratory will administer the QAPP for the EDSP
facility QA team members. The specifc responsibilities include:

lnteract witli the Study Director to ensure that QA and QC procedures are understood
by W A personneL.

Conduct technical systems audits (TSAs) and audits of data quality (ADQs) to
evaluate the implementation of the program WAs with respect to the EDSP QMP, the
W A QAPPs and/or GLP protocol, and applicable program and facility SOPs.

Prepare and track repOlts of deficiencies and submit them to both line and program
management.

Consult with the W ALl Study Director and, as necessary, the EDSP Battelle QA
Manager and Program Manager on actions required to correct deficiencies noted
during the conduct of the W A.

Ensure that all data produced as part of the EDSP WAs are maintained in a secure,
environmentally-protected archive.

Ensure, during the conduct of TSAs, that all staff participating on the EDSP are
adequately trained.

Maintain complete facility-specific QA records related to the program.
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Submit copies of resolved audits to the EDSP Battelle QA Manager.

Submit a QA Statement to the EDSP Battelle QA Manager and Program Manager
with each written deliverable t1at describes the audit and review activities completed
and any outstanding issues that could afect data quality or interpretation ofthe results
discussed in the repoii.

Maintain effective communication with the EDSP QA Manager.

Act as the facility's EDSP SOP Custodian for all SOPs received from the SOP
Administrator.

As EDSP manager, Dr. Daviil Houchens will have ultimate responsibility for quality,
timeliness, and budget adherence for all activities on the contract. He also will serve as the
principal inteiface with the EPA's project offcer on all contract-level administrative and
technical issues. Because ofthe high level of subcontracting and purchases required by the

program, such as test laboratory subcontracts and purchases of chemical supplies, Dr. Houchens
will be assisted by an administrative deputy manager, Mr. James Easley. Mr. Easley will
manage the procurement of all subcontracts, consultants, and purchased materials and services,
and will facilitate schedule and cost control. He has played a similar role on ten other large,
multi-year, level-of-effort task-order contracts for EPA. Thus, he will be able to assure that all
purchases are compliant with governent regulations and that EP A is provided timely, accurate
accounting ofthese substantial costs in our monthly progress reports.

Ms. Terri Pollock, the EDSP QA manager at Battelle, will direct a team ofQA
specialists to monitor the technical activities on the chemical repository program, and provide
oversight to all associated QA functions. Ms. Pollock will be responsible for reporting
her findings and any quality concerns to Dr. Houchens. Ms. Pollock repoiis, for the purposes of
this program, to Dr. Allen W. Singer, Director of Operations in the Toxicology Product Line in
Battelle's Health and Life Sciences Division. This repoiting relationship assures that the QA
function is independent of the technical activities on the program.

5.0 PROBLEM DEFINITION/BACKGROUND

5.1 Problem Definition

Prevalidation studies on the recombinant aromatase assay (W A 2-24) were conducted to
optimize the microsomal aromatase assay protocol for recombinant microsomes, demonstrate the
utility of the microsomal assay to detect known aromatase inhibitors, and compare the
pedormance of the recombinant assay system and the human placental microsomal assay system.
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Concerns with this initial work involving high variability in some runs and partial inhibition
curves were addressed in a supplemental prevalidation study CW A 4- 10).

With the prevalidation studies successfully completed, this work assignment directs
Battelle to conduct the interlaboratory studies to determine the performance of several
laboratories in conducting the assay and should complete the validation ofthe recombinant
aromatase assay. A companion work assignment CW A 4- 16) has been issued for the conduct of
the human placental aromatase assay validation.

The work assignment is comprised of 6 tasks of which two tasks involve
experimentation. Only the work in Task 3 is subject to this QAPP. Table i summarizes the
validation tasks and the laboratorYCies) involved for each experimental task.

Not applicable (Develop \Mrk plan, study plan, and
identify/select participating laboratories)

Not an experimental task

2

3

Not applicable (Develop QAPP and protocols) Not an experimental task

Conduct Positive Control Studies in the Participating
Laboratories

3 Participating Laboratories

4 Conduct Multiple Chemical Studies with Microsomes
Supplied by RTI

(RTI/Participating Laboratories)

Prepare Study Reports (RTI/Participating
Laboratories)

Lead Laboratory + 3 Participating
Laboratories

5 Not an experimental task

6 Pre are Presentation for EDMVAC
EDMVAC = Endocrine Disruptor Method Validation Committee

Not an ex erimental task

5.2 Backqround

The Food Quality Protection Act of 1996 was enacted by Congress to authorize the EPA
to implement a screening program on pesticides and other chemicals found in food or water
sources for endocrine effects in humans. Thus, the U.S. EPA is implementing an EDSP. In this
program, comprehensive toxicological and ecotoxicological screens and tests are being
developed for identifying and characterizing the endocrine effects of various environmental
contaminants, industrial chemicals, and pesticides. The program's aim is to develop a two-tiered
approach, e.g., a combination of in vitro and in vivo mammalian and ecotoxicological screens
CTier 1) and a set of in vivo tests CTier 2) for identifying and characterizing endocrine effects of
pesticides, industrial chemicals, and environmental contaminants. Validation of the individual
screens and tests is required, and the EDMV AC wil provide advice and counsel on the
validation assays.
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Estrogens are sex steroid hormones that are necessar for female reproduction and affect
the development of secondary sex characteristics of females. Estrogens are biosynthesized from
cholesterol by a series of enzymatic steps, with the last step involving the conversion of
androgens into estrogens by the enzyme aromatase. Estrogen biosynthesis occurs primarily in
the ovar in mature, premenopausal women. During pregnancy, the placenta is the main source
of estrogen biosynthesis and pathways for production change. Small amounts of these hormones
are also synthesized by the testes in the male and by the adrenal coiiex, the hypothalamus, and
the anterior pituitary in both sexes. The major source of estrogens in both postmenopausal
women and men occurs in extaglandular sites, paricularly in adipose tissue. One potential
endocrine target for environmental chemicals is the enzyme aromatase, which catalyzes the
biosynthesis of estrogens. An aromatase assay is proposed as one of the Tier 1 Screening Battery
Alternate Methods. A detailed literature review on aromatase was pedormed and encompassed
(1) searching the literature databases, (2) contacting individuals to obtain information on
unpublished research, and (3) evaluating the literature and personal communications.

Aromatase is a cytochrome P450 enzyme complex responsible for estrogen biosynthesis
and converts androgens, such as testosterone and androstenedione, into the estrogens estradiol
and estrone. Aromatase is present in the ovary, placenta, utems, testis, brain, and extraglandular
adipose tissues. Two proteins, cytochrome P450arom and NADPH-cytochrome P450 reductase,
are necessary for enzymatic activity, and the enzyme complex is localized in the smooth
endoplasmic reticulum. The aromatase gene, designated CYP19, encodes the cytochrome

P450arom and consists of 10 exons, with the exact size of the gene exceeding 70 kilobases.
Aromatase is found in breast tissue, and the importance of intratumoral aromatase and local
estrogen production is being unraveled. Effective aromatase inhibitors have been developed as
therapeutic agents for estrogen-dependent breast cancer to reduce the growth stimulatory effects
of estrogens in breast cancer. lnvestigations on the development of aromatase inhibitors began
in the 1970's and have expanded greatly in the past three decades.

An in vitro aromatase assay could easily be utilized as an altemative screening method in
the Tier 1 Screening Battery to assess the potential effects of various environmental toxicants on
aromatase activity. Both in vitro subcellular (microsomal) assays and cell-based assays are
available for measuring aromatase activity. The in vitro subcellular assay using human placental
microsomes, is cormonly used to evaluate the ability of pharmaceuticals and environmental
chemicals to inhibit aromatase activity. ln addition, human JEG-3 and JAR choriocarcinoma cell
culture lines, originally isolated from cytotrophoblasts of malignant placental tissues, have been
used as in vitro systems for measuring the effects of compounds on aromatase activity. These
cell lines are also utilized for investigations on the effects of agents in placental toxicology.

Numerous flavonoids and related phytoestrogen derivatives have been extensively
evaluated for their ability to inhibit aromatase activity for two primary reasons: (1) these natural
plant products can serve as possible leads for the development of new nonsteroidal aromatase
inhibitors; and (2) humans and other animals are exposed to these agents through the diet. In
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general, the flavonoids and related analogs demonstrate aromatae inhibition with IC50 values in
the micromolar range; however, these compounds lack both the potency and specificity of
aromatae inhibitors developed for breast cancer therapy. Several pesticides have also
demonstrated inhibition of aromatase activity in the human placental microsomal assay system,
with lC50 values for aromatase inhibition ranging from 0.04 ~iM to greater than 50 i-M.

The recombinant microsomal aromatase assay was recommended as the in vitro
aromatase screening assay to be included in the Tier 1 Screening Battery. This assay wil detect
environmental toxicants that possess the ability to inhibit aromatase activity. Prevalidation
studies on recombinant aromatase (W A 2-24) were conducted to optimize the microsomal
aromatase assay protocol, demonstrate the utility of the microsomal assay to detect known
aromatase inhibitors, and compare the peifoimance of a recombinant assay system and the
human placental microsomal assays. Concerns with this initial work involving high variability
in some runs and partial inhibition curves were addressed in a supplemental prevalidation study

(W A 4-10). The objective of the CUITent work assignment is to use the now optimized assay to
obtain intra- and interlaboratory assay variability estimates to complete the validation of the
recombinant microsome aromatase assay.

6.0 PROJECT/TASK DESCRIPTION

Only Task 3 is under the control by this QAPP. However, this QAPP also addresses the
other task in this work assignment and will be reissued prior to the star ofthe other task
together with a finalized task-specific protocol included as an attachment. The Task 3 protocol
is attached to the present QAPP. The task numbering scheme for the original work assignment is
employed in this document for ease of cross-referencing.

Task 3: Conduct of the Positive Control Studies in the Participatina Laboratories

This Task will be completed by staff at Battelle, WIL and ln Vitro. RTl staff will not
conduct any experiments on this task but will be involved in the review of the data produced by
the other laboratories. RTI will provide recombinant microsomes to the other laboratories for
use in this task. Battelle/RTl will provide a boilerplate protocol for this Task to the participating
laboratories which they will use to prepare their laboratory-specific protocols. These protocols
will contain all necessary technical detail for tiie conduct of this Task. Briefly, the Task requires
that each laboratory conduct three independent replicates of a Positive Control Study. In this
Study, 4-0H androstenedione (4-0H ASDN, a known aromatase inhibitor) is tested in the
aromatase assay at 6 concentrations to construct a dose/response curve from which an lC50 may
be calculated. Control runs are also included in the assay set to measure full aromatase activity

(without any inhibitor added) and background activity (without NADPH co-factor). Battelle's
Chemical Repository (CR) will supply 4-0H ASDN to each laboratory as a stock solution and
will conduct all necessary pre-assay chemistry activities for 4-0H ASDN.
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Each laboratoiy will present their results in a separate spreadsheet for each ofthe three
replicates and the results wil be compared both within and between laboratories.

Task 4: Conduct Studies on Reference Chemicals

Each participating laboratory will conduct the studies in this task with recombinant
microsomes supplied by RTI.

RTl/Battelle will supply a template protocol describing all technical details for this task
to the participating laboratories from which they will prepare their laboratory-specifc protocols.
Each laboratory will conduct three independent replicate studies with each of 10 chemicals. All
three replicates for a given chemical must be conducted by the same technician within a
laboratory. Control runs are also included in each assay set to measure full aromatase activity
(without any inhibitor added) and background activity (without NADPl-I co-factor). Battelle's
CR will supply tiie test chemicals to each laboratory as individual stock solutions and will
conduct all necessary pre-assay chemistry activities for the test chemicals.

7.0 QUALITY OBJECTIVES AND CRITERIA

The endpoints for W A 4-17 include the aromatase activity measured in the control and
inhibitor samples, the inter- and intralaboratory variance, and the ICso and slope values for each

inibitor tested.

7.1 Data Quality Indicators

7.1.1 Precision

TIie mean positive control activity for each assay/laboratory should be within the overall
mean:l 15% for that laboratory.

Variance between laboratories and within laboratories will be assessed for an appropriate
level of precision as part of this W A. It is anticipated that positive control activity between and
within laboratories should be statistically equivalent at the p? 0.1 leveL. Any modifications to
this criterion would be discussed with the sponsor and added to the QAPP by amendment.

lCso and slope values calculated for each inhibitor should be statistically equivalent at the
p?O.l level both between and within laboratories. lf data from an assay are statistical outliers,
the assay may be repeated.
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7.1.2 Bias

The positive and background activity samples that are run with each assay are used to
control for bias. lfthe control samples for any assay do not meet the precision criteria described

above, the assay may be rerun.

7.1.3 Accuracy

Accuracy of the liquid scintillation spectrometiy (LSS) data (from which is derived the
aromatase activity) will be assessed by analysis of a sealed standard of known radioactive
content. lfthe radioactivity in the sealed standard is more than 5% different from the known
value, the data will not be used. Samples may be recounted on another LSS or on the same LSS
after any problems with the instrument are corrected.

8.0 SPECIAL TRAINING/CERTIFICATION

All personnel involved in handling radiolabeled materials will have completed a
Radiation Safety Training course. Training documentation will be maintained in the individual
training fies. Each laboratory will be licensed to receive radiolabeled materials.

Staff from the participating laboratories will be trained on the pedOlmance ofthe
aromatase assay at RTl lntemational as par of Task 3 of W A 4- 16. Personnel participating in
this training will conduct the aromatase assay including positive control and backgrolUid activity
samples and a series of samples containing varying amounts of a known aromatase inhibitor (4-
OH ASDN). The resultant data wil be evaluated by Battelle and RTI lntemational and then
submitted to EP A for review.

9.0 DOCUMENTS AND RECORDS

9.1 Retention of Specimens and Records

Archiving procedures will be specified in the individual protocols.

9.2 Qualitv Assurance Project Plan

This QAPP will be distributed to project participants initially, and whenever revised.
Previous versions will be marked as "obsolete" when newer versions are distributed, or collected
and destroyed so that there is no confusion regarding the version in effect. The right-justified
document control header example shown here

Version 1
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is used to ensure that revision numbers and dates are obvious to document users. The QAPP wil
be reviewed annually and a deteimination made to either modify the document based on new or
modified project requirements, or leave as is.

Controlled copies of the QAPP will be maintained, tracked, and managed by the
laboratories' QAU through the use of a master distribution list.

9.3 Data Forms

All data forms will include a title identifing the type of data to be recorded, a unique
study code or protocol number, and the initials and date of the data recorderCs) to authenticate

the records.

Con-ections to data entries wil be made by drawing a single line through the error,
recording the COlTect entry, initials, date, and error code that explains the reason for the
correction.

9.4 Microsome StoraQe Conditions

Microsomes must be stored at-70 to -80'C and the freezer temperature records must be
maintained.

9.5 Reports

9.5.1 Interim Data Summary, and Draft and Final Reports

An interim data summary from each laboratory will be submitted to the EP A after
completion of each task. These data slUnmaries will not be audited by Quality Assurance but
will be checked for accuracy by technical staff. This procedure is necessary to provide a rapid
turn around ofthe data so that approval to proceed can be given by EP A.

Each laboratOlY will prepare an individual repOlt for each task to be based on a template
provided by Battelle and will submit these reports to Battelle. The purpose of these reports is to
provide a complete description about how the experiments were pedormed, present the results
that were obtained Cincluding tables and graphs), and state the conclusions that were made for
each applicable W A tasks. RTVBattelle will prepare a report for each task that summarizes all
work on the paricular task and incorporates the reports from the participating laboratories as
Appendices for submission to EP A. Afer EP A comments have been received on each task
report and, if applicable, they will be incorporated into a new version of the draft task report,

then it will be issued as a final repOlt.
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Each final task report will include:

Abstract
Objectives
Materials and Methods
Results
Discussion
Conclusions
References
Summary data with statistical analyses
Appendices which will include final reports with compliance statements for each
participating laboratory
Protocol, any amendments, or any deviations from the protocol
QAPP, any amendments, or any deviations from the QAPP.

RTI/Battelle will prepare a final Work Assignment report that summarizes the results of
the entire Work Assigruent. This report will consist of a statement ofthe objectives ofthe work
assigruent, a summary of the results and a statement of conclusions for the Work Assignment.
The individual task reports will be referenced within this final report.

9.5.2 QA Assessment Reports

QA assessment repoi1s are maintained as confidential files in the QAD.

9.5.3 Status Reports

Status/progress reports will be submitted to the EP A Project Offcer by Battelle on a
monthly basis as stipulated in the contract.

10.0 SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN)

The details of the experimental design for each task subject to this QAPP will be
contained in GLP compliant protocols. A template protocol for Task 3 is attached as an
Appendix.

11.0 SAMPLING METHODS

TIie entire aqueous poi1ion ofthe incubation mixtres remaining after extraction with
methylene chloride (CH2CI2) will be placed in appropriate containers for freezing. The samples
will be mixed well prior to the removal of aliquots for liquid scintillation counting (LSC). Lf
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there is insuffcient time for preparing LSC samples on the day the assay is run, the samples will
be refrigerated overnight, otherwise the samples should be frozen and stored at about -20°C.

Each test chemical wil be supplied to the participating laboratories by Battelle as a stock
solution at the highest concentration necessary for use in the assay. These solutions will be well-
mixed prior to the preparation of dilutions of these stock solutions by the individual participating

laboratories.

12.0 SAMPLE HANDLING AND CUSTODY

12.1 Test Chemical Solutions

The test chemical stock solutions wil be transferred to the Laboratories' Material
Handling Facility with a study specific transfer of material foim. The samples will be processed
according to the SOPs for packing, shipment and documentation of shipment and receipt.

12.2 Sample Collection Documentation

All samples (or sample sets) will be labeled with enough infOlmation to allow for
unequivocal identification of each sample along with suitable storage conditions in accordance
with applicable regulations.

13.0 ANALYTICAL METHODS

Analytical methods are described in the study protocol (Appendix). Failures of analytical
systems are addressed in the relevant SOPs.

14.0 QUALITY CONTROL

14.1 Method s

Control samples (positive and negative) are nin with each assay. Acceptance criteria and
cOlTective actions where acceptance criteria are not met are described in Section 7. Replicates
are used as a means to monitor variability ofthe assay. Replicates will be assessed for variance
and those that are outside the acceptable range (mean lc 15%) will be flagged as statistical
outliers.

14.2 Data Collection

Data collection documentation will be as described in applicable SOPs.
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Assay data, including weights and/or volumes of chemicals, solvents or other materials
used to prepare necessary solutions or samples, will be recorded manually on data sheets.
Protein assay absorbance data may also be recorded manually on data sheets. All data sheets
include a title identifying the type of data to be recorded, the unique study code or protocol
number, and the initials and date of the data recorder(s) to authenticate the records.

Scintillation counter data wil be automatically saved to a data fie that wil automatically
be assigned a unique fiename. The data must be annotated to identify samples with the
sequential vial number. Procedures for converting CPM data to DPM data must be documented.

Relevant data from the data sheets and scintillation counter output (as DPM) will be
typed into a validated MS Excel spreadsheet for calculation of 1) substrate specific activity 2)
protein content and/or 3) aromatase activity. All transcribed data will be verifed (100% QC)
before they are reported and this QC check will be documented on the spreadsheet printouts by
technician initials and date.

Aromatase activity data will be entered manually into Prism data fies for calculation of
lC50 and undergo a 100% QC check. Data will be entered automatically (thl'ugh linked
validated spreadsheets) or manually into spreadsheets for import into SAS data files for
statistical analysis. All manually entered data will undergo a 100% QC check.

15.0 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE

TIie following types of equipment are required for this W A: temperature controlled
shakg water bath, pH meter, analytical balances, centrifuges (low and high speed and
ultracentrifuges), pipettors, scintillation counters, spectrophotometer, and high pedormance
liquid chromatography (HPLC) equipment (injector, pumps, detectors (radiochemical and
ultraviolet tUV)), data collection system). The equipment will be tested, inspected and
maintained according to schedules contained in the relevant SOPs.

16.0 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

Balances used to obtain weight measurements, as well as the check weights that are used
to verify a balance's calibration status will be calibrated and maintained according to the
schedule specified in relevant SOPs. Balances that do not meet the criteria speciíìed in the SOP
will not be used for this work assignment.

Scintillation Counters will be calibrated using procedures described in the relevant SOPs.
Calibration of pH meters occurs as specified in relevant SOPs. TIie water bath, pipettes,
spectrophotometer, and HPLC equipment are calibrated using the procedures and schedule in
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applicable SOPs. Any equipment or instiument that does not meet acceptance criteria as
described in the relevant SOP will not be used for this work assignment.

17.0 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Upon receipt, purchased items must be inspected for conformance to quality
requirements prior to use. All use of the product must be prior to the expiration dates, if
applicable. Chemicals are received and stored in accordance with applicable SOPs.

18.0 NON-DIRECT MEASUREMENTS

No collection of any samples or sample data will be obtained from non-direct measures
such as computer data bases or programs.

19.0 DATA MANAGEMENT

19.1 Data Manaqement Overview

Data will be maintained in notebooks and/or files according to applicable facility SOPs.
The records will be kept in the appropriate rooms until there is a signed final report at which
time they will be inventoried and placed in the facility archives according to applicable facility
SOPs, unless the sponsor requests that they be transfelTed to another archive location.

19.2 Data Transfer

Inormation will be sent to the Data Coordination Center in electronic foimat as specified
in SOP EDSP.D-003-0 1. Specifically all raw data, all tables, graphs summarizing results of
statistical analyses as presented in study rep0l1s, statistical analysis data fies, statistical analysis
programs, and all study documents will be sent to the EDSP Data Coordination Center in
electronic fOlmat.

20.0 ASSESSMENTS AND RESPONSE ACTIONS

EDSP QA team members will pedorm assessments on W A activities and operations
affecting data quality and the raw data and final report. TIiey will report any findings to the W A
Leader/Study Director and management to ensure that the requirements in relevant SOPs, study
protocols and W A QAPP, the QMP, and the FlFRA GLPs are met. The assessments for this
study include TSAs and ADQs. Pedormance Evaluations do not apply to this QAPP.
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20.1 Technical Systems Audits

A TSA is a process by which the quality of a study is assessed through evaluating a study
activity's conformance with the protocols, applicable facility or program SOPs, QAPP, QMP,
and GLPs. The acceptance criteria are that W A activities and operations must meet the
requirements ofthese planning documents and the GLPs or be explained and evaluated in a
deviation report. Deviations from the GLPs, QAPP, protocol, or SOPs will be properly
documented and assessed by management and the study director as to their impact on the study.

20.2 Tvpe. Schedulina. and Performance of Technical Systems Audits

The following paragraphs provide an example of how the laboratories may perform
technical system audits.

Prior to the experimental start, the facility QA Team Member will convey a list of
inspections targeted for the study to the study director. Whenever possible, TSAs should be
done at the commencement of the W A critical phase to ensure W A integrity based on
compliance with the protocol, QAPP, SOPs, and GLPs. Critical phases targeted for TSAs
include, but are not limited to:

Protocol review
Placental collection and microsome preparation
Aromatase assay sample preparation and analysis.

During the TSA, EDSP QA team members will record observations to be used later in
preparing the audit report. EDSP QA team members will observe the procedure, data recording,
and any equipment maintenance and calibration procedures and/or documentation, noting
whether or not the activities adhered to the study protocols and QAPP, applicable SOPs, QMP,
and the GLPs. Any findings will be communicated to the technical persoimel at the completion
of the procedure unless an error could compromise the study (e.g., misdiluting the stock
solution). EDSP QA team members immediately notify the Study Director by telephone and/or
e-mail of any adverse findings that could impact the conductoft1ie study. This direct
communication will be also documented in the audit report.

20.3 Audits of Data Qualitv

An ADQ is a process by which the accuracy of data calculations and repoiting is assessed
to ensure that the reported results are of high quality and accurately reflect the raw data and
accurately describe the materials used in the study. The acceptance criteria for the ADQ are that
data collection, analysis, and repoiting must meet the requirements of the applicable facility and
program SOPs, the W A protocols and QAPP, QMP, and the FIFRA GLPs, or be explained and
evaluated in a deviation report, as previously described.
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20.4 Schedulina and Performance of Audits of Data Qualitv

Direct and frequent communication between the W A Leader/Study Director, laboratory
supervisor, and the QA Manager will provide for suficient time to pedorm an ADQ so that the
submission date of the draft Illal report meets that specified in the study protocol. TIie
scheduling process should also allow for a reasonable amount of time for corrections and
subsequent verification of the cOITections by QA.

EDSP QA team members will audit the study records at a freque,ncy adequate to ensure
that approved protocol requirements are met. The frequency required is specified by the type of
data in the QMP, Section 2.4.1. Findings will be reported and coiTective actions undertaken as
described earlier. EDSP QA team members review the final report using the audited data and
corrected tables. The report text will be reviewed to ensure that every statement is supported by
the data and any discussions or conclusions drawn from the study are supported by the data.
Findings will then be repoited and corrective actions undertaken as described earlier.

20.5 Audit Report Format

TIie following paragraphs provide an example of how the laboratories may foimat an audit
repoit.

The audit report consists of a cover page for study infonnation and additional pageCs) with
the audit findings. All pages have header infoimation containing the study protocol number, audit
report date, and audit type. The audit repOlt date is the date on which the EDSP QA team
member signs the audit report and sends it to the Study Director and management.

TIie cover page contains the study protocol title, number, and code; Sponsor; Study
Director; audit type; audit dateCs); EDSP QA team member; distribution list; the dated signature
ofthe auditor; the date that the Study Director received the audit report; and the dated signatures
of the Study Director and management. The distribution list may include additional names for
individuals who have findings pertaining to their area of responsibility Ce.g., the ARF Manager
would address a finding peitaining to the ARF) and is used to ensure that the repoit is sent to all
who need to respond. Subsequent pageCs) contain the audit findingCs), any recommended
remedial actions, and space for the Study Director to respond to the findings and document
remedial actions taken or to be taken.

20.6 Response Actions and Resolution of Issues

TIie Study Director will respond to the TSA report within a specified number of working
days of receipt ofthe report as required by the laboratoiy's SOPs. There is no deadline for the
Study Director's response to an ADQ report except for the time constraint deriving from the
submission date ofthe final W A report. The /Study Director forwards the audit repoit to
management for review. Management adds comments as necessary, signs and dates the repoit
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and returns it to the EDSP QA team member. The EDSP QA team member assesses the
responses and verifies the corrective actions. Lf a disagreement between the Study Director and
EDSP QA team member arises over a finding, it will be discussed among the other EDSP QA
team members. TIie EDSP QA team member will then present the majority opinion to the Study
Director for fuither consideration. If the disagreement remains, the issue will be reported to the
Study Director's management. The action decided on by management will be documented in the
QA files.

During an assessment, if the auditor determines that adverse health effects could result or
W A objectives of acceptable quality cannot be achieved, the auditor follows the Stop Work
Procedure specified in the EDSP QMP (Section 3.3).

20.7 Independent Assessments

The EDSP Battelle QA Mamager (QAM), or designee, may conduct an independent TSA
and ADQ during the conduct of this work assignment. Typically one independent audit may be
conducted during the work assignment. Lf major deficiencies are uncovered, additional
independent audits may be scheduled, The conduct and reporting ofthe audits will be consistent
with the procedures described in the EDSP QMP (Section 3.3).

Ln addition, the EDSP EP A QAM, or designee, has the option of conducting extenial
TSAs/ADQs.

21.0 REPORTS TO MANAGEMENT

The QA Manager will send periodic report to the study director and management, which
detail significant regulatory, protocol, and SOP issues. Also, the paricipating laboratories will
report to the EDSP Program Manager and W AL.

22.0 DATA REVIEW, VERIFICATION, AND VALIDATION

The data produced under this work assigmnent will be reviewed by the tecluiical
personnel for the validation process and by EDSP QA team members for the verifcation process

(see section 23). The criteria used for validation depend on the type of data. For dose solution
sample data, infonnation regarding the condition of the containers and whether or not samples
were compromised is recorded in the sample chain-of-custody records. Compromised samples
are not analyzed. The criteria for validating data are those found in Section 7 (Data Quality
Objectives).
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23.0 VERIFICATION AND VALIDATION METHODS

23.1 Chain of Custodv for Data

Study data, records, and specimens will be maintained in a secure and designated location,
e.g., in the respective laboratory offces until study completion. Chain-of-custody procedures will
be implemented according to facility SOPs, Chain-of-custody infoimation, including the date,
study recordCs) removed or returned, and the name ofthe person removing or returning the data
will be documented. At study completion, the Study Director will follow the procedures specified
in the facility SOP for archiving study materials.

23.2 Data Validation

Data validation is a process by which the W A Leader/Study Director and/or other
technical personnel evaluate the data for conformance to the stated requirements for methodology
and quality. These personnel are responsible for reviewing the data, evaluating any technical
deviations or non-conformances, and then determining the degree to which the data meet the
quality criteria stated in Section 7.

23.3 Data Verification

Data verifcation constitutes part ofthe ADQ process perfolTled by EDSP QA team
members and described earlier. Verification ensures that i) the data are of high quality and were
collected according to the planning documents' requirements, and 2) the repOlted results
accurately reflect the raw data. Each data type will be evaluated against its collection and
reduction requirements specified in the planning documents. Errors discovered during the data
evaluation will be corrected. The reported conclusions drawn from the data are verified by EDSP
QA team members during the report audit to confirm that they are tme and accurate. TIie
procedure for resolving issues of data verifcation has been detailed in prior sections ofthis
document.

24.0 RECONCILIATION AND USER REQUIREMENTS

Proposed methods for data analysis, including a test for statistical outliers, are specified in
the Study Plan and/or protocols.

25.0 REFERENCES

The following references were used to prepare the QAPP. Not all references are cited in
the text.
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EPA Contract No.:
EPA Work Assignment No.:

Template Protocol for WA 4-17 Task 3:
Conduct of the Positive Control Studies in the Participating Laboratories

SPONSOR:

TITLE:

TESTING FACILITY:

PROPOSED EXPERIMENTAL START DATE:

PROPOSED EXPERIMENTAL END DATE:

AMENDMENTS:

Number Date SectionCs) PageCs)

1

2

3

4

5

Approved By:

Study Director Date Jerry D. Johnson, Ph.D, DABT
Battelle Work Assignment Leader

Date

David Houchens, Ph.D. Date
Battelle EDSP Program Manager

Reviewed By:

Quality Assurance Specialist Date Terri Pollock, BA
EDSP Quality Assurance Manager

Date
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1.0 OBJECTIVES

Task 3: Conduct of the Positive Control Studies in the Participatinq Laboratories

TIie objective of this protocol is to describe procedures for conduct ofthe aromatase
assay using recombinant microsomes. Positive Control Study refers to the use of 4-
hydroxyandrostenedione (4-0H ASDN, a known aromatase inhibitor) in the aromatase assay to
demonstrate the responsiveness of the assay to aromatase inhibitors.

Justification for test system: The test system for this study is recombinant microsomes.
TIiis test system was selected because it provides a biological source of the aromatase enzyme
and, since the assay is being evaluated for its potential to serve as a screening assay, the use of a
human recombinant microsome enhances its predictive potentiaL.

Route of administration and reason for its choice: The route of administration is not
applicable since the test system is a microsome. The method used for treating the microsomes
will be to mix the microsomes, reagents, and test aricle in a common reaction vessel so that
microsomal uptake ofthe test aiiicle can be used to evaluate the effect on enzymatic activity.

2.0 MATERIALS RECEIPT AND/OR PREPARATION

A suffcient supply of chemical reagents, radio labeled and non-radiolabeled
androstenedione, and recombinant microsomes will be obtained prior to initiation of the first set
of experiments to ensure that suffcient quantities are available to conduct the studies.

2.1 Substrate

2.1.1 Substrate Name/Supplier

The substrate for the aromatase assay is androstenedione (ASDN). Non-radiolabeled and
radiolabeled ASDN will be used. The non-radio labeled ASDN and the radiolabeled
androstenedione ((1p-3H)-androstenedione, rH)ASDN) will be provided to the laboratories by
Battelle's Chemical Respository (CR). TIie CR will forward all applicable information
regarding supplier, lot numbers and reported/measured purity for the substrate to the laboratories
and this infolTiation will be included in study reports. The radiochemical purity of the
(3H)ASDN (of each lot that is used) will be assessed by the lead laboratoiy as described in
Section 2.1.2

2.1.2 Radiochemical Purity (Lead Laboratory only)

TIie radiochemical purity of the rH)ASDN will be deteimined using high pedonnance
liquid chromatography (HPLC) and liquid scintillation counting. TIie HPLC system consists of a
Waters 2690 Separations Module, a Waters 2487 Dual À. Absorbance Detector and a p-RAM
Model 3 flow-through radioactivity detector (IN/US, lnc., Tampa, FL) with a 250 ¡.L glass
scintillant cell. Data will be collected using Waters Millennium3Z Client/Server Chromatography
Data System Software, Version 4.0.
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The HPLC method uses a Zorbax SB-C1s column (4.6 x 250 mm) with a mobile phase of
55: 15:30 (v:v:v) distilled, deionized water: tetrahydrofuran: methanol and a flow rate of
1 mL/min. The eluant will be monitored by UV absorbance at 240 nm and by a flow-through
radiochemical detector. Eluant fractions will be collected manually into vials containing ca.
10 mL Ultima Gold and assayed for radiochemical content by liquid scintillation spectrometry
(LSS). A reference standard of nonradiolabeled ASDN will be analyzed by the same method
and coelution of the nonradiolabeled and radiolabeled ASDN wil be confirmed.

The radiochemical purity ofthe (3H)ASDN will be greater than approximately 95
percent. lfthe radiochemical purity is less than 95 percent, then the Sponsor will be notified.

2.1.3 Preparation of Substrate Solution for use in Aromatase Assay

Since the specifc activity of the stock eH)ASDN is too high for use directly in the assay,
a solution containing a mixture ofnonradiolabeled and radiolabeled (3H)ASDN is prepared such
that the final concentration of ASDN in the assay is 100 nM and the amount of tritium added to
each incubation is about 0.1 i-Ci. This substrate solution should have a concentration of 2 i-M
with a radiochemical content of about 1 i-Ci/mL.

The following illustrates the preparation of a substrate solution using a stock of
(3H)ASDN with a specific activity of 25.3 Ci/mmol and a concentration of i mCi/mL. Prepare a
1: 100 dilution of the radiolabeled stock in buffer. Prepare a i mg/mL solution of ASDN in
ethanol and then prepare dilutions in buffer to a final concentration of 1 i-g/mL. Combine 4.5
mL of the 1 i-g/mL solution of ASDN, 800 i-L of the eH)ASDN dilution and 2.7 mL buffer to
make 8 mL of substrate solution (enough for 80 tubes). Record the weight of each component
added to the substrate solution. Afer mixing the solution well, weigh aliquots (ca 20 i-L) and
combine with scintillation cocktail for radiochemical content analysis. TIie addition of 100 i-L of
the substrate solution to each 2 mL assay volume yields a final (3H)ASDN concentration of 100
nM with 0.1 i-Ci/tube.

2.2 Test Substances

4-0H ASDN is a known aromatase inhibitor.

2.2.1 4-Hydroxyandrostenedione (4-0H ASDN)

CAS No.: 566-48-3
Molecular Formula/Weight: C19H2603; 302.4 g/mol

Supplier: Sigma
Lot No: tbd
Purity: tbd
Storage Conditions: 2-8°C (for bulk chemical, solution storage conditions to be
determined)

B-29



Battelle Study Number G6083 17

PROTOCOL
Page 5 of 14

2.2.2 Test Substance Formulation and Analysis

Test substance stock solutions will be prepared and analyzed by the CR and distributed to
the laboratories. 4-0H ASDN will be formulated in 95 percent etlianol. The total volume of
test substance forniulation used in each assay should be no more than 1% of the total assay
volume (i.e., 20 ~lL in a 2 mL assay) in order to minimize the potential ofthe solvent to inhibit
the enzyme. Dilutions of the stock solution will be prepared in 95 percent ethanol on the day of
use such that the target concentration of inhibitor can be achieved by the addition of20 ilL of the
dilution to a 2 mL assay volume.

2.3 Microsomes

Recombinant micro somes will be supplied to each laboratory by the lead laboratory. The
microsomes must be stored at -70 to -80DC. The approximate protein content of the microsomes
will be provided.

Human recombinant microsomes will be obtained from Gentest™ (Woburn, MA;
www.gentest.com). The product name is Human CYP19 (Aromatase) Supersomes™ and the
catalog number is 456260. The Supersomes™ package size is 0.5 nmoles cytochrome P450 in
0.5 mL. Supplier-provided values for protein concentration, cytochrome c reductase activity,
and aromatase activity will be found on the data sheet accompanying each shipment and will be
included in the report.

On the day of use, microsomes are thawed quickly in a 37:1 i °C water bath and then are
immediately transferred to an ice bath. The microsomes will be rehomogenized using a Potter-
Elvejhem homogenizer (about 5-10 passes) prior to use. The microsomes are diluted in buffer
(serial dilutions may be necessary) to an approximate protein concentration of 0.008 mg/mL.
The addition of 1 mL of that microsome dilution will result in a final approximate protein
concentration of 0.004 mg/mL in the assay tubes. All microsome sarplesmust be kept on ice
until they are placed in the water bath just prior to their addition to the aromatase assay. The
microsomes should not be left on ice for longer than approximately 2 hours before proceeding
with the assay or the microsomal enzyme activity may be decreased. Under no conditions
should microsomes be thawed and refrozen for later use in the assay.

2.4 Other Assav Components

2.4.1 Buffer

TIie assay buffer is 0.1 M sodium phosphate buffer, pH 7.4. Sodium phosphate
monobasic (JT Baker, cat # 4011-01, 137.99 g/mol) and sodium phosphate dibasic (JT Baker, cat
# 4062-0 i, 141.96 g/mol) are used in the preparation of the buffer. Solutions of each reagent at

0.1 M are prepared in distilled, deionized water and then the solutions are combined to a final pH
of 7.4. The assay buffer may be stored for up to one month in the refrigerator (2-8 DC).
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2.4.2 Propylene Glycol

Propylene glycol (JT Baker, cat # 9402-01, 76.1 g/mol) is added to the assay directly as
described below.

2.4.3 NADPH

NADPH (ß-nicotinamide adenine dinucleotide phosphate, reduced forni, tetrasodium salt,
Sigma, cat # 1630,833.4 g/mol) is the required co-factor for CYP19. The final concentration in
the assay is 0.3 mM. Typically, a 6 mM stock solution is prepared in assay buffer and then 100
i-L of the stock is added to the 2 mL assay volume. NADPH must be prepared fresh each day
and is kept on ice.

3.0 PROTEIN ASSAY

The protein concentration ofthe microsome preparation will be determined on each day
of use ofthe microsomes in the aromatase assay. A 6-point standard curve will be prepared,
ranging from 0.13 to 1.5 mg protein/mL. TIie protein standards will be made from bovine semm
albumin (BSA). Protein will be determined by using a DC Protein Assay kit purchased from
Bio-Rad (Hercules, CA). To a 25 llL aliquot of unknown or standard, 125 llL of BioRad DC
Protein Kit Reagent A will be added and mixed. Next, 1 mL of BioRad DC Protein Kit Reagent
B will be added to each standard or unknown and the samples will be vortex mixed. TIie
samples will be allowed to sit at room temperature for at least 15 min to allow for color
development. The absorbances are stable for about 1 h. Each sample (unknown and standards)
will be transferred to disposable polystyrene cuvettes and the absorbance ((0 750 nm) will be
measured using a spectrophotometer. The protein concentration of the microsomal sample will
be determined by extrapolation of the absorbance value using the curve developed using the

protein standards.

4.0 AROMATASE ASSAY METHOD

The assays will be performed in 13xl 00 mm test tubes maintained at 37:1 1°C in a
shakng water bath. Propylene glycol (100 i-L), eH)ASDN, NADPH, and buffer (0.1 M sodium
phosphate buffer, pH 7.4) will be combined in the test tubes (total volume 1 mL). The final
concentrations for the assay components are presented in Table 1. The h¡bes and the microsomal
suspension will be placed at 37:: 1°C in the water bath for five minutes prior to initiation of the
assay by the addition of 1mL ofthe diluted microsomal suspension. The total assay volume will
be 2.0 mL, and the tubes wil be incubated for 15 min. The incubations will be stopped by the
addition of methylene chloride (2.0 mL); the tubes will be vortex-mixed for ca. 5 s and placed on
ice. The tubes are then vortex-mixed an additional 20-25 s. The tubes will then be centrifuged
using a Beckman GS-6R centrifuge with OH-3.8 rotor for 10 minutes at a setting of 1000 rpm.
The methylene chloride layer will be removed and discarded; the aqueous layers are extracted
again with methylene chloride (2 mL). This extraction procedure will be pedormed one
additional time, each time discarding the methylene chloride layer. The aqueous layers will be
transferred to vials and duplicate aliquots (0.5 mL) wil be transferred to 20-mL liquid
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scintillation counting vials. Liquid scintillation cocktail (Ultima Gold, Packard, 10 mL) will be
added to each counting vial and shaken to mix the solution. The radiochemical content of each
aliquot will be deteimined as described below.

Table 1. Optimized Aromatase Assay Conditions

Microsomal Protein (mgfmL)"

NADPH (mM)'

l'HJASDN (nM)a

Incubation Time (min)
a Final concentrations

0.0125

0.3

100

15

0.004

0.3

100

15

Analysis ofthe samples will be performed using liquid scintillation spectrometry (LSS).
Radiolabel found in the aqueous fractions represents 3Hp formed.

Results will be presented as the activity (velocity) ofthe enzyme reaction. The amount
of estrogen product fOffied is determined by dividing the total amount of 3Hp formed by the
specific activity of the eH)ASDN substrate (expressed in dpm/nmol). The activity of the
enzyme reaction is expressed in nmol (mg protein)"'min-i and is calculated by dividing the
amount of estrogen formed by the product of mg microsomal protein used times the incubation
time, e.g. 15 minutes.

5.0 USE OF THE AROMATASE ASSAY FOR MEASUREMENT OF ICso

5.1 Positive Control Study

Each study will test the response of aromatase activity to the presence of six
concentrations of 4-0H ASDN. This study wil be conducted in three independent replicates by
each participating laboratory. Each concentration of 4-0H ASDN will be run in triplicate tubes
in each Study. See Table 2 for the study design. Full enzyme activity control and background
activity samples will be included for each study. Full enzyme activity controls will contain
substrate, NADPH, propylene glycol, buffer, vehicle (used for preparation of 4-0H ASDN
solutions) and microsomes. Background activity samples contain all full enzyme activity control
assay components except NADPH and serve as assay blan. Four full enzyme activity control
and four background activity samples are included with each Study and are treated the same as
the other samples. The controls sets will be split so that two tubes (of each full enzyme activity
controls and background activity samples) are run at the beginning and two at the end of each
study set.

The assay will be conducted as described in Section 4.0 with the following modification.
4-0H ASDN solution (or vehicle) will be added to the mixtre of propylene glycol, substrate,
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NADPH and buffer in a volume not to exceed 20 i-L prior to preincubation ofthat mixture. The
volume of buffer used will be adjusted so the total incubation volume remains at 2 mL.

Full enzyme activity control 4 Complete assay' with inhibitor N/A
vehicle control

Background Activity 4 Complete assay with inhbitor N/A
vehicle control omitting NADPH

4-0H ASDN Concentration 1 3 Complete assay with 4-0H ASDN 1 x 10-6

added

4-0H ASDN Concentration 2 3 Complete assay with 4-0H 1 x 10-7

ASDN added

4-0H ASDN Concentration 3 3 Complete assay with 4-0H 5 x 10-8

ASDN added

4-0H ASDN Concentration 4 3 Complete assay with 4-0H 2.5 x 10-8

ASDN added

4-0H ASDN Concentration 5 3 Complete assay with 4-0H i x 10-8

ASDN added

4-0H ASDN Concentration 6 3 Complete assay with 4-0H 1 x 10-9
ASDN added

"The Complete Assay contains buffer, propylene glycol, microsomal protein, (3H)ASDN and
NADPH

5.2 Data Analvsis and Presentation

The data to be reported will include the following information: assay date and run
number, technician, chemical and log chemical concentration, total DPM-background DPM, and
% activity. The DPMs for the background tubes should be subtracted from the tubes with Total
DPMs to provide DPMs for specific aromatase activity. A spreadsheet will be developed by the
lead laboratory that will be used to process the data into a final form for analysis and evaluation.
A working document detailing the conversion of the data from DPMs to mnol, as well as the
actual methods for calculations of the final aromatase activity will be distributed to the
laboratories. l1iis process is briefly summarized below.

The spreadsheet calculates DPM/mL for each aliquot of extracted aqueous incubation
mixture and average DPM/mL and total DPM for each aqueous portion (after extraction).
Multiplication of the volume (mL) of substrate solution added to the incubation by the substrate
solution radiochemical content (DPM/mL) yields the total DPM present in the assay tube at
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Ilitiation. The total DPM remaining in the aqueous portion afer extraction divided by the total
DPM present in the assay tube at initiation times 100 yields the percent of the substrate that was
converted to product. The tota DPM remaining in the aqueous portion afer extraction is
corrected for background by subtracting the average DPM present in the aqueous portion ofthe
background activity tubes (for that day/assay). This con'ected DPM is then convei1ed to nmol
product formed by dividing by the substrate specific activity (DPM/nmol). The activity ofthe
enzyme reaction is expressed in nilol (mg proteiny1min-1 and is calculated by dividing the
amount of estrogen formed (nmol) by the product of mg microsomal protein used times the
incubation time. Average activity in the positive control samples for a given Study is calculated.
Percent of control activity remaining in the presence of various inhibitor concentrations is
calculated by dividing the aromatase activity at a given concentration by the average positive
control activity and multiplying by 100.

lC50 will be calculated using Prism (Version 3.02) software to fit the percent of control
activity and log concentration data to a curve using the following equation:

Y = Bottom + (T op- Bottom)1 (i + io((LoglC",-XlHiIS!ope))

Where: X is the logarithm of concentration
Y is the percent activity
Bottom is the lower plateau
Top is the upper plateau.

TIie data will be formatted as follows:

. One spreadsheet or table will display the DPMs for all assay tubes, calculations of

activity (nmol (mg proteiny1min-l) etc.
. Another table will present the results ofthe analysis of varability of the assay and

will include :

(1) the variation between replicates within a single assay,
(2) the day to day (study-to-study) variation, and
(3) technician variation.

. Graphs of activity versus log chemical concentration.

. Table ofIC'os by date, run, technician, assay method.

6.0 STATISTICAL ANALYSES

Concentration-response curves will be fitted to describe trends in the aromatase activity
percent of control responses. Full enzyme activity control and background activity values will
be compared across daily replicate tests for each test substance.
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6.1 Concentration Response Fits for the Test Substance

For the test substance multiple independent replicates ofthe concentration response curve
fit will be calTied out. TIie number of replicates will be three.

For each replicate two repeat tubes ofthe positive controls and the background activity
samples will be prepared prior to the preparation of the repetitions of the inhibitor compound and
two repeat tubes ofthe positive controls and the background activity samples will be prepared
after the repetitions of the inhibitor compound are prepared. TIiree repetitions will be prepared
for each level ofthe inhibitor compound (4-0H ASDN).

For each repetition at each level the Excel database spreadsheet will include total DPMs
per tube and total aromatase activity per tube. The aromatase activity is calculated as the DPM,
normalized by the specific 'activity ofthe (3H)ASDN, the mg of protein ofthe aromatase, and the
incubation time. The aromatase activity is corrected for tiie background DPMs, as measured by
the average ofthe background activity tubes. Thus the average aromatase activity across the
four background activity repeat tubes must necessarily equal 0 within each replicate. The total
DPM values are not COlTected for background.

For each repetition within each inhibitor concentration, percent of control activity is
determined by dividing the aromatase activity for that tube by the average positive control
activity and multiplying by 100. Nominally one might expect for an inhibitor the percent of
control activity values to var between approximately 0% near the high inhibition concentrations
and approximately 100% near the low inhibition concentrations. However individual
experimental percent of control activity values will sometimes extend below 0% or above 100%.
TIius upper and lower response curve plateaus need to be included in the response curve models,

Concentration response trend curves will be fittedto the percent of control activity values
within each of the repeat tubes at each inhibitor concentration. Concentration is expressed on
the log scale. ln agreement with past convention, logarithms will be common logarithms (i.e
base 10). Let X denote tiie logarithm ofthe concentration of inhibitor compound (e.g. if
concentration = 10-5 then X = -5). Let

Y '" percent of control activity in the iniibitor tube
X", logaritlii (base 10) of the concentration
T '" upper plateau ofthe concentration response curve
B '" lower plateau ofthe concentration response curve
DA VG '" average DPMs across the repeat tubes with the same inhibitor concentration
ß '" slope of the concentration response curve (ß will be negative)
~ '" 10giolC5o (lC5o is the concentration corresponding to percent of control activity equal
to 50%).

The following concentration response curve will be fitted to relate percent of control
activity to logarithm of concentration within each replicate

Y = B + (T - B)/(l + IO(~-X)ßJ + E
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where E is the variation among repetitions, distributed with mean 0 and variance proportional to
DA VG (based on Poisson distribution theory for radiation counts). The response curve will be
fitted by weighted least squares nonlinear regression analysis with weights equal to
IOOO/DA VG. Model fits will be carried out using Prism software (Version 3 or higher).

The concentration response fits will be carried out for each replicate test within each test
compound. Based on the results ofthe fit withn each replicate the extent of aromatase
inhibition will be summarized as lC50 (10 ~) and slope (ß). TIie estimated ICso for an inhibitor
compound will be the geometric mean across the replicates. The estimated overall standard error
will be based on the standard errors within each replicate and the replicate-to-replicate
variability. The average value and standard error oflog1olCso or ß can be calculated based on a
one-way random effects analysis of variance model fit.

6.2 Graphical and Analvsis of Variance Comparisons amonq Concentration Response
Curve Fits

For each replicate the individual percent of control values will be plotted versus
logarithm of inhibitor compound concentration. The fitted concentration response curve will be
superimposed on the plot. lndividual plots will be prepared for each replicate.

Additional plots will be prepared to compare the percent of control activity values across
replicates. For each replicate the average percent of control values will be plotted versus

logarithm of inibitor concentration on the same plot. Plotting symbols will distinguish among
replicates. The fitted concentration response curve for each replicate will be superimposed on
the plot. On a separate plot the average percent of control values for each replicate will be
plotted versus logarithm of inhibitor compound concentration. The average concentration
response curve across replicates will be superimposed on the same plot with 95 percent
confdence intervals on average control values at each observed concentration. Replicate-to-
replicate variation will be treated as a random effect for purposes of calculating confidence
intervals.

For each replicate treat (ß, l.) as a random variable with mean (ßavg, I-avg) and covariance

:E (ß.~)across replicates. Let B.vg, T.vg denote the average bottom and top across the replicates.
Let

Z = (Y - Bavg)/ (T avg - B.vg)

L = 10glo(Z/(l - Z)).

The average response curve is expressed as

L = ßavil-avg - X)

with approximate standard elTors of prediction of L at a given X based on :E (ß, ~,) and propagation
of enors. These are used to calculate approximate confdence intervals for predictions at each X.
The linearized response curve and associated confdence intervals are back transformed to yield
the response curve in tenns of percent of control, Y
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Y = B +(T -B )(loßavg(¡avg-X))/(I+loßavg(~avg-X))avg avg; avg avg .
Slope (ß) and 10giolC5o Ü.i) will also be compared across replicates based on random

effects analysis of variance, treating the replicates as random effects. ß and f. are estimated,
separately within each replicate, and plotted along with the average and associated 95%
confdence interval across replicates.

6.3 Neaative and Positive Control Values Across Replicates

Within each leplicate quadruplicate repetitions will be made ofthe background activity
tubes and the positive control tubes. Half the repetitions will be carried out at the beginning of
the replicate and half at the end. If the conditions are constant throughout the replicate test, the
control tubes at the beginning should be equivalent to those at the end. To assess whether this is
the case the control responses will be combined across replicates and expressed as percent of
(positive) control activity. The average of the four background activity samples within a
replicate must necessarily be 0 and the average of the fom positive controls within a replicate
must necessarily be 100. TIie two beginning controls and the two end controls will be plotted by
replicate with plotting symbol distinguishing between beginning and end, and with reference line
0% (background activity) or 100% (positive control) respectively. These plots will display the
extent of consistency across replicates with respect to average value and variability and will
provide comparisons of beginning versus end of each replicate. Two-way analysis of variance
will be carried out, separately for the positive control tubes and the background activity tubes.
The factors in the analysis of variance will be replicate, portion (beginning or end), replicate by
portion interaction. The error corresponds to repetition within replicate and p011ion. The
response will be percent of control aromatase activity. lfthe daily replicates are in control the
portion main effect and portion by replicate interaction should be nonsignificant. Note that the
replicate effects will not be estimable because ofthe constrained totals wIthin each replicate. For
purposes of evaluation replicate will be treated as a fixed effect. lf portion by replicate
interaction is significant the nature of the effect will be assessed by comparing the portion effect
within each replicate to the portion effect averaged across replicates, adjusting for simultaneity
by Scheffe's method. The portion effect within each replicate and the portion effect averaged
across replicates, and associated 95% confdence intervals, will be presented graphically.

6.4 Variabilitv Assessment

For the inhibitor test compound variability among replicates and variability aniong
repetitions within replicates will be estimated and assessed for statistical significance. The
response will be aromatase activity. These analyses wil treat inhibitor concentration as a
classification variable and will include both the positive and background activity groups. TIie
factors in the mixed effects analysis of variance will be concentration group (including positive
and background activity groups), replicate, replicate by concentration interaction, and residual
variation. Residual variation coo.esponds to repetition within replicate and concentration.
lnhibitor concentration will be treated as a fixed effect. Replicate and replicate by concentration
interaction will be treated as random effects. The analysis of variance fit will incorporate
weights. The weight for responses in each concentration group will be based on the average of
the DPMs across all the replicates and repetitions within replicates associated with that
concentration group. TIie weight for each concentration group will be 1000/(Average DPM).
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NOlTial probability plots will be prepared to identify outlying replicates or repetitions.
Deviations of average within replicate from average across replicates within that concentration
group will be ordered and plotted on a normal probability scale. The differences will be
normalized by (Average DPM)~ for their concentration group to adjust for differing variability
across concentration groups. Deviations of repetitions from average across repetitions within
replicate and concentration group wil be ordered and plotted on a nOlTial probability scale. The
diferences will be nonualized by (Average DPMr for their concentration group to adjust for
differing variability across concentration groups.

6.5 Statistical Software

Concentration response curves wil be fitted to the data using the non-linear regression
analysis features in the PRISM statistical analysis package, Version 3 or higher. Supplemental
statistical analyses and displays such as surmary tables, graphical displays, analysis of variance,
and multiple comparisons will be carred out using the SAS statistical analysis system, Version 8
or higher, or other general purpose statistical packages (e.g. SPSS).

6.6 Interlaboratorv Statistical Analvsis

The lead laboratoiy and each ofthe participating laboratories will carr out "intra-
laboratory" statistical analyses based on their test data, according to this common statistical
analysis plan, developed by the Data Coordination Center (Battelle). The Data Coordination
Center will carry out the "inter-laboratory" statistical analysis. It will combine summaiy values
developed in each of the intra-laboratory analyses to assess relationships among the laboratory
results (e.g. outlying laboratories), the extent oflaboratory-to-laboratory variation, aiid overall
consensus estimates among the laboratories.

The results ofthe intra-laboratory analyses will be concentration response curve fits
associated with the positive control inhibitor 4-0H-ASDN. For each inhibitor compound they
will also characterize variability among replicates and variability among repetitions within
replicates.

The inter-laboratOlY analysis will be based on the lC50 and slope parameters ofthe
concentration response curve fits and the replicate-to-replicate and repetition within replicate
components of variation. The objectives of the inter-laboratory statistical analysis are to:

Determine the average values and variability among laboratories with respect to the
within-laboratOlY parameters mentioned above
Determine the coefficient of variation among laboratories for each of the within-
laboratory parameters mentioned above
Estimate the ratio of within laboratory variation to among laboratory variation for
each of the pai.ameters

ldentify outlying laboratories, if any
Assess the extent of variation across the inhibitor compounds of the coeffcients of
variation among laboratories for each of the inhibitor compounds.
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For each endpoint a one-way mixed effects analysis of variance with heterogeneous
variances among the participating laboratoiies will be fitted to the summary responses within
laboratories. Laboratory will be treated as a random effect. Weights will incorporate laboratory-
to-laboratory variation and within laboratory variation. The within laboratory variation will be
the square of the standard en'or reported by each laboratory. The analysis of variance will
provide an estimated weighted average effect across all laboratories and its associated standard
error as well as an estimate of the laboratory-to-laboratory component of variation. The mixed
effects analysis of variance will be carried out using PROC MIXED in the SAS statistical
analysis system.

7.0 RETENTION OF RECORDS

All records that remain the responsibility ofthe testing laboratory will be retained in
the archives for the life of the contract.

8.0 QUALITY CONTROUQUALITY ASSURANCE PROCEDURES

Quality control (QC) and quality assurance (QA) procedures will follow those outlined in
the Quality Assurance Project Plan (QAPP) that will be prepared for this study. This study will
be conducted in compliance with the Federal Register, 40 CFR Par 160, Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) Good Laboratory Practice Standards.

9.0 STUDY RECORDS TO BE MAINTAINED

. All records that document the conduct of the laboratory experiments and results
obtained, as well as the equipment and chemicals used

. Protocol and any Amendments

. List of any Protocol Deviations

. List of Standard Operating Procedures

. Quality Assurance Project Plan (QAPP) and any Amendments

. List of any QAPP Deviations
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RTI
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Quality Assurance Statement

Study Title: (3HJ ASDN Radiochemical Purity Determination

WA 4-16 and WA 4-17

Sponsor: Battelle Memorial Institute

Study Code: An05-928

Protocol Number: RTI-928-AN

This study was audited by the Science and Engineering - Health Sciences Quality Assurance Unit and the
results of the inspections and audits were reported to the study director and management as identified
below. To the best of our knowledge, the reported results accurately describe the study methods and
procedures used, and the reported results accurately reflect the raw data.

Inspections and Audits Inspection and Audit Date(s)

Date Inspection/Audit Report Sent

to Study Director and
Management

Data and Report Audit March 24, 2005 March 25, 2005

~. tc-~ ~ \?i \ ?cDS-\ I
K. Collier

Quality Assurance Specialist
Date

Approval:

~ Qj~V
rrie Ingalls

Quality Assurance Assistant Manager
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Introduction
The objective of this work is to determine the radiochemical purity of the (3HjASDN to be

used in the conduct ofWA 4-16 and WA 4-17. The criteria for acceptance of the material for this
use is 95% radiochemical purity as determined by high performance liquid chromatography
(HPlC) and liquid scintillation counting.

Materials and Methods
r'HjAndrostenedione (r'HjASDN) of lot number 3538496 was received from Perkin Elmer

Life Science (Boston, MA).

The radiochemical purity of the tHjASDN (1 :100 dilution in ethanol) was determined
using high performance liquid chromatography (HPlC) and liquid scintillation counting. The
HPlC system consists of a Waters 2690 Separations Module, a Waters 2487 Dual A Absorbance
Detector and a ß-RAM Model 3 f1ow,through radioactivity detector (IN/US, Inc., Tampa, Fl) with a
250 III glass scintillant cell. Data was collected using Waters Millennium32 Client/Server
Chromatography Data System Software, Version 4.0.

The HPlC method used a Zorbax RX-C18 column (4.6 x 250 mm) with a mobile phase of
55:15:30 (v:v:v) distilled, deionized water: tetrahydrofuran: methanol and a flow rate of 1 mUmin.
The eluant was monitored by ultraviolet (UV) absorbance at 240 nm and by a flow-through
radiochemical detector. Eluant fractions were collected manually into vials containing ca. 10 ml
Ultima Gold and assayed for radiochemical content by liquid scintillation spectrometry (LSS)

Results
The HPlC radiochromatogram of the (3HjASDN, lot number 3538496, is presented in

Figure 1. The measured radiochem leal purity of the (3HjASDN was 97%.

Figure 1. HPlC Radiochromatogram of (3HjASDN

i'HIASDN

"''''0.00

ii.. l.A l. .1.1 ..

'.00
, , , ,

111.00, ,111.00 12.00 lHlO 18.00
~i"'

.i.

,".00 ,
" " ,

ROO

- SamplName l1J4J-20B;Viar 1: Ji'ecn 1; Channel SATIN; Oa/RAcquire 115105 11:01:41 AM

Conclusion
(3HjASDN, lot number 3538496, is acceptable for use on WA 4-16 and W A 4-17.
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Battelle
Tlie Business of Innovation

ANALYTICAL CHEMISTRY ACTIVITIES REPORT

4-HYDROXYANDROSTENEDIONE (4-0HASDN)

CAS No.: 566,48,3

Receipt Date: 10/22104

Appearance: Solid

Storage Conditions (r? Battelle): Refhgerated (_sac)

Lot No.: 063K4069 (Sigma Aldrich)

Amount Received: 3.1 g

Vendor Purity: 99% by 1LC

STRUCTU: Mol.Wt.: MoL. Formula:

302.41 g/mol CI9H2óOJ

Prepared By: Approved By:

Denise A. Contos, M.S Steven W. Graves, B.S.
Manager, Chemistr Technical Center

Battelle Study No. W A 4,16/17
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QUALITY ASSURCE STATEMENT
This study was inspected by the Quality Assurance Unit and reports were submitted to the Study Director and

Management as follows:

Phase Inspected
T est substance receipt

Dispensing*

Formulation analysis*

Formulation preparation*

Audit analytical report

Audit study file

Audit analytical report

Inspection Date
10/26/2004

12/212004

12/212004

12/ 212004

7/26/2005

7/26/2005

Date Reported to Study
Director!Mana!(eiient

10/2612004

12/ 2/2004

12/212004

12/2/2004

7/26/2005

7/26/2005

* These inspections are serving the purpose for all reference chemicals since QA was required to see only one phase

inspection of a chemicaL

Quality Assurance Unit Date

Battelle Study No. WA 4,16/17 11
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EXECUTIVE SU~RY
The title compound, 4,hydroxyandrostenedione, was analyzed in support of the EPA Placental and Recombinant

Aromatase Assay Prevalidation Work, Work Assigrunent 4-16/17.

The solubility of 4,hydroxyandrostenedione was determined to be acceptable in 95% ethanol for preparing

formulations.

A fOffiulation analysis method was developed and validated to analyze 4-hydroxyandrostenedione in 95%

ethanol at a concentration of 3.02 rug/mL (0.011..). This method was used to analyze samples from both formulation

and formulation storage stability studies at 3.02 mg/mL.

The storage stability study indicated that a 3.02 mg/mL formulation stored in sealed amber glass bottles and

protected from light was stable for 173 days at approximately 5°e.

The stock formulation prepared for shipment to the testing laboratory was analyzed and met the established

acceptance criteria.

Battelle Study No. W A 4-16/17 11
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1 INTRODUCTION

The purose of ths work was to provide all necessary chemistr support activities for 4,

hydro¡.:yandrostenedione on EP A Work Assignment 4,16/17, and consisted of:

. detemiining solubility in 95% ethanol

developing and validating a formulation analysis method

conducting a storage stability study

. preparing and analyzing a stock formulation.

This work was done at Battelle, 505 King Avenue, Columbus, OR 43201.

2 CHEMICAL RECEIPT AND STORAGE

One 20,mL am ber glass bottle of 4-hydroxyandrostenedione, 063K4069, was received from the repository at

Battelle's Marine Science Laboratory in Sequim, W A on October 22,2004. The label amount indicated 3.1 grams

was sent. The chemical was received and subsequently stored at approximately 5°C.

A copy ofthe manufactuer's Certificate of Analysis for this lot is shown in Figme 1. This slates that purity was

99% based on thin layer chromatography (TLC).

Battelle Study No. WA 4,16/17
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Product Name
Product Number
Product Brand
CAS Number
~folecu¡ar Formula
Molecular Weight

'rE!lT
APPEARANCE
SOLUBILITY
ELEMENTAL ANALYSIS

PROTON NMR SPECTRUM
PURITY BY THIN LAYER CHROMATOGRAPHY

QC ACCEPTANCE DATE

Lori Schulz. lvônôger
An alytical 58 !Vices
St.louis, Missouri USA

Battelle Study No. W A 4-16/17

Battelle Study Number G6083 17

Certifi.cateofAnaBysls

4'Andmsten-4,ol'ô,17 -dione,
A5791
SIGMA

566-48'3
C",H1SO,

302.41

UTr l1",¡i:4069 RESUlfS
WHITE POWDER

CLEAR COLORLESS SOLUTION AT 10 MGll'IL OF ¡'¡ETHANOL

75.45% CARBON
CONSISTENT WITH STRUCTURE

99%

JUNE 2003

Figure 1- Certificate of Analysis

2
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3 SOLUBILITY STUDIES

A solubility study was conducted to determine the solubility of 4-hydroxyandrostenedione (4-0H ASDN) in

95% ethanoL, at a concentration of at least 30.2 mg/mL. The 4-hydroxyandrostenedione (0.30200 io 0,0.03020 g)

was weighed into a i O-mL volumetric flask, diluted to approximately 80% volume with 95% ethanol, sealed and

shaken to mix. The flask was diluted to volume with 95% ethanoL, sealed, shaken, sonicated for -50 minutes and

stired. The 4-0H ASDN did not go into solution.

A second solubility study was conducted to determine the solubility of 4-0H ASDN in 95% ethanoL, with a

solubility of at least 3.02 mg/mL being requied for acceptability. The 4,OH ASDN (0.03020 io 0.0.00302 g) was

weighed into a 1 O,mL volumetric flask, diluted to approximately 80% volume with 95% ethanol, sealed and shaken

to mix. The flask was diluted to volume with 95% ethanol, sealed, shaken and sonicated for -2 minutes, The 4,OH

ASDN went into solution. This experiment showed that 95% ethnol was an acceptable solvent for the 3.02 mg/mL

formulation (0.01M).

4 FORMULATION ANALYSIS METHOD PERFORMANCE EVALUATION (MPE)

This section describes the evaluation of a method developed to analyze formulations of

4-hydroxyandrostenedione in 95% ethanol at a target concentration of 3.02 mg/mL (0.01 M) for the stability study

and the results and conclusions from this evaluation.

4.1 Methoil Development

Method development for this chemical involved the evaluation of various chromatographic columns and

conditions. The selected method was one which produced acceptable retention time for the major peak,

apparent resolution of significant impurities and acceptable peak shape. The detection method chosen was gas

chromatography with flame ionization detection (GC!FlD).

4.2 Method

The GC parameters for 4-hydroxyandrostenedione are presented in Table 1.

Battelle Study No. WA 4,16/17 3
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GC

Column

Carriei Gas and Flow Rate

Oven TempemtUl'e

Detector Type

Detector Flow Rates

DetectOl'Tempel'ature

InjectOl'Tempel'atnre

Injection Volume

Injection Mode

RunTime

4.3 Method Valdation

Battelle Study Number G6083 17

Table 1 - GC System

Agilent 6890 (Palo Alto, CA)

RTX,5, 30 m x 0.25 mm (ID), 0.25 ¡.m film thickness (Restek, Bellefonte, P A)

Helium at 2 mLfminute

15ÖoC, hold for i minutes, increase at 15°C/minute to 320°C

Flame Ionization

Hydrogen at 30 mLlminute; Air at 380 mLfminute

320°C

250°C

i ¡.L

Split l: 0

-12 minutes

Validation was accomplished using a single experiment.

Triplicate vehicle/calibration standards at the highest and lowest of four concentrations were prepared. A

single standard was prepared at each intermediate concentration. The high and low concentrations were used to

assess the precision of the method. The precision of the low concentration was used to calculate limits of

detection (LOD) and quantitation (LOQ). Triplicate vehicle blan with and without internal standard (IS) were

used to assess the specificity of the method.

4.3.1 Preparation of Standards and Blanks

4.3.1. Internal Standard (IS)

Fifty (50) milligrams ofbenzophenone was added to a 25-mL volumetric flask. The

flask was diluted to volume with methanol, sealed, and mixed welL

4.3.1. Stock Stadards

Two stock standards (A,B) were prepared by accurately weighing 25:! 1.0 mg of

4,hycloxyandrostenedione (4-0H ASDN) each into individual 25,mL volumetric flasks and

dissolving in and diluting to volum e with methanol. This produced stocks A and B with target

concentrations of 1000 ¡.g/mL each

4.3.1. Vehicle/Calibration Standards

Vehicle/calibration standards were prepared as shown in Table 2. The flasks were

diluted to volume with methanol, and mixed welL Triplicate vehicle/calibration standards were

Battelle Study No, W A 4-16117 4
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prepared at the low and high concentrations with single vehicle/calibration standards prepared at

the two intennediate concentrations.

Table 2 - Preparation of Vehicle/Calibration Standards

Vehicle/Calibration Target I'inal Conc Source Source VoluUle is 95% Ethanol Final VoluUleStd Cllg/UlL) (UlL) (UlL) (UlL) (IiL)
VSi

VS2

VS3

VS4

500

300

200

100

A

B

A

B

5

3

2

10

10

10

10

4.3.1.4 Blanks

Triplicate blank without is were prepared by pipetting IIiL of 95% ethanol into three

individual I O-mL volumetric flasks. The flasks were diluted to volume with methanoL, sealed,

and mixed welL.

Triplicate blank with is were prepared by pipetting i mL is and i mL of 95% ethol

into thee individual I O-mL volumetric flasks. The flasks were diluted to volume with methanol,

sealed, and mixed welL.

4.3.2 Analysis

A portion of each vehicle/calibration standard and blank was transferred to individual

autoinjector vials and the vials were sealed. Single injections were made from each vial using the same

chromatographic system and parameters detemiined durng method development (Table i).

4.3.3 Calculations

The integration of the 4-0H ASDN and is peaks by the chrom atography data system was

evaluated to assure it was correct in all chromatograms and manually reintegrated, if necessaiy. A linear

regression equation weighted IIx was calculated relating the response ratio of 4-0H ASDN divided by

the is (y) to the concenlration ofthe vehicle/calibration standards (x). Theconcentration of each

vehicle/calibration standard was calculated using its individual response ratio and the regression

equation. These values were used to calculate the individual and average concentrations, percent relative

errors (R), standard deviation (s), and percent relative standard deviation (RD) as appropriate for the

vehicle/calibration at each concentration.

Battelle Study No. WA 4,16/17 5
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4.3.4 Results

Specifcity is shown by representative overlaid chromatograms from high mid low

vehiclelcalibration standards, blank with is, and a blmik from the validation data as presented in Figure 2.

The blmik and blank with is exhibited no peaks that would signifcantly interfere with the

4-0HASDN orIS peaks.

H;O

-

iS

STD4" ";-
SIDl

BLK+IS

BLK

, , ,

4 HYDROXYANDROSTENEDIONE
~3ú0
0.o
'"
'"
""

250

200

100

50

2 6 8 9
Retention lime

Figure 2 - Representative OVl'laid Chromatograms from a High and Low Vehicle/Calbration Standard,

Blank with Intl'nal Standard, and Blank from the Validation (Shown Top to Bottom)

The regression analysis results from the validation standard cuive indicate lineru"ity and are

shown in Table 3.

Table 3 -Regression Analysis Valdation Results

Battelle Study No. W A 4-16/17 6
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The vehicle/calibration standard validation results are shown in Table 4.

Table 4 -Vehicle/Calibration Standard Validation Results

Nominal Std Cone Det'd Std Cone Det'd ~;J Cone s % RSD %RE Avg
(¡ig/mL) (¡ig/mL) (mL) (¡ig/IlL) %RE

496.8 ,1.9

506.4 494.5 5096 24.2 4.7 -2.3 0.6

537.5 6.1

298.1 298.4 NA NA NA -2.9 NA

202.5 198.8 NA NA NA ,1.9 NA

100.7 1.
99.38 99.98 100.4 0.4 0.4 0.5 1.0

100.5 1. --
The method validation sensitivity was 1.2 ¡.glmL, the limit of detection (LOD), which is defined

as three times the standard deviation of the low vehicle/calibration standard. This is equivalent to a

formulation concentration of 12 ¡.g/mL when a formulation is diluted 1 to 10 for analysis. The limit of

quantitation (LOQ), was 4.2 ¡.glmL, defined as ten times the standard deviation of the lowest standard

because there was no blank response. This is equivalent to a formulation concentration of 42 ¡.g/mL

when a formulation is diluted 1 to 10 for analysis. The estimated limit of quantitation (ELOQ), defined as

the lowest standard with acceptable accuracy and precision, was 99.38 ¡.g/mL

4.3.5 Conclusions

The method met all acceptance criteria for precision, accuracy, linearity, sensitivity and

specificity_ The method was suitable for the stability study and subsequent fonnulation analyses for

which it was used.

5 FORMULATION STABILITY STUDIES

A formulation stability study was conducted at a concentration of3.02 mg/mL (0.01 M) in 95% ethanol for

173 days in sealed, am ber glass bottles stored at approximately 5°C.

5.1 Study Design

A sample was analyzed on the day of preparation (Day 0) and Day 14. A second sample was analyzed on

ihe day of preparation (Day 0), Day 27, 54, 83 and 173. Three aliquots were analyzed from each sample at each

storage time.

Battelle Study No. WA 4,16/17 7
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5.2 Formulation Method

A fonnu1ation was prepared on November 10, 2004 (Day 0) for the storage stability study at a target

concentration of3.02 mglmL (0.01 M) in 95% ethanol by accurately weighing 75.50",0.75 mg of 4-0H ASDN

into a 25-mL volumetric flask The chemical was dissolved in and diluted to approximately thee quarters of the

total volume with 95% ethanoL. The flask was sealed, sonicated for 10 mintues and allowed to cool to room

temperature. The flask was diluted to vo1wne with 95% ethanol, sealed, and mixed welL.

Approximately 6 mL of foiiiulation was transferred into each of four, 8-mL amber glass vials which

were then sealed. One vial was used for the Day 0 analysis and the other thee were stored at approximately

5°C until use. After 14 days of storage, a vial was removed from the refrigerator, allowed to wan to room

temperature, and triplicate a1iquots were prepared and analyzed.

A second fonnulation was prepared on December 2, 2004 (Day 0) at a target concentration of

3.02 mglmL (0.01 M) in 95% ethanol by accurately weighing 151.00",0.50 mg into a 50,mL volumetric flask

The flask was diluted to -80% volume with 95% ethanol, s.ealed and mixed well The flask was diluted to

volwne with 95% ethanol and mixed welL. Approximately 18 mL were dispensed into an amber glass bottle,

sealed and stored refrigerated. A formulation sample aliquot was prepared for analysis on Days 0, 27, 54, 83

and 173 for storage stability determination.

5.3 Analysis Method

Vehicle/calibration standards, blank with and without is were prepared as described in the validation

experiment (Section 4.3.1) of this report.

In triplicate, 1 mL ofthe fonnulation and 1 mL ofIS were pipetted into thee individual 1O-mL

volumetric flasks, diluted to volume with methanol, sealed and mixed welL. An appropriate volume of each was

transferred to an autoinjector vial and the vials were sealed and analyzed using the chromatographic system in

Table 1.

5.4 Results

The results from the storage stability study are shown in Table 5 and presented in control chart fonnat in

Figure 3.

Battelle Study No WA 4,16/17 8
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Table 5 - Formulation Storage Stabilty Results (3.02 mg/mL)

Preparation Analysis D Detd COliC Avg Detd COliC % of Day 0 COliCDate Date ay (m(J/mL II /IiL :t s :t s
11/1 0/04 11110/04 0 2.871 2.873 2.928 2.89l:0.032 100.O:0.3

11/1 0/04 11/24/04 14 3.080 3.085 3.149 3.08O:0.071 1065:1.5

12/2/04 12/2/04 0 3.005 3.022 3.005 3.0ll:0.01O 100.O:0.3

12/2/04 12/29/04 27 3.168 3.123 3.117 3.136:t0.028 104.2:t0.9

12/2/04 1/25/05 54 3.008 3.126 3.110 3.08l:0.064 102.3:t2.1

12/2/04 2/23/05 83 3.027 3.13 3216 3.125:t0.095 103.8:t3.1

12/2/04 5/24/05 173 3.126 3.142 3129 3.133:t0.008 104.l:0.03

For the sample prepared 11/10/04, the pooled relative standard deviation of the analytical method was

1.9% This means that there would have to be a difference of more than 4.4% from the Day 0 value for the

difference to be statistically significant at a 95% confidence leveL.

For the sample prepared 12/2/04, the pooled relative standard deviation of the analytical method was

1.8%. This means that there would have to be a difference of more than 4.0% from the Day 0 value for the

difference to be statistically significant at a 95% confidence leveL.

Battelle Study No. WA 4-16/17 9
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4-0H ASDN
(3.02 mg/mL Prepared 11-10-04)
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Figure 3 - Control Charts for the Storage Stabilty Studies
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5.5 Discussion and Conclusions

The concentration of the samples stored at approxiately 5°C protected from light in amber glass vials

for Day 14 was above the upper signficance level but was within 6.5% of the Day 0 value (prepared 11/10/04).

Concentrations for Day 54 and 83 samples were within the upper and lower significance levels and Day 27 and

Day 173 were just above the upper significant leveL. A linear trend analysis indicated there was no signficant

trend to changing concentration over time for the samples. These data indicate the formulation was stable when

stored protected from light at approximately 5°C for 173 days.

6 FORMULATION PREPARATIONS AND ANALYSES

Formulations were prepared and analyzed on 12/2/04, 1/25/05, 3/21/05 and 6/27/05 according to SOP No.

COMSPECJI,027, "Standard Operating Procedure (SOP) for the Formulation and Analysis of

4-Hydroxyanclostenedione (4-0H ASDN) in 95% EthanoL." This section describes the method, results, and

conclusions.

6.1 Preparation of Formulations

An accurate weight of 151.00 ol 0.50 mg of 4-0H ASDN was added to a 50'mL volwnetric flask The

flask was diluted to -80% volume with 95% ethanol, sealed and mixed welL. The flask was diluted to volume

with 95% ethanol and mixed well This produced a taget concentration of3.02 mg/mL (0.01 M) 4,OH ASDN

in 95% ethanol.

6.2 Preparation of Standards and Blank

Standard~ and blanks were prepared as described for the method validation, Section 4.3.1 of this report

6.3 Preparation of Formulation Samples

One (1) mL of the formulation and 1-mL ofIS were pipetted into thee individual10-mL volumetric

flasks, diluted to volume with methanol, sealed, and mixed welL.

6.4 Analysis

Auto injector vials were filled with aliquots of each standard, blank and sample. A single injection was

made from each vial using the GC conditions from the method validation (Table 1).

6.5 Calculations

The peaks for 4,hydroxyandrostenedione and the is were integrated for each injection by the

chromatography data system. Any peak with iniproper integration was manually reintegrated A linear

regression equation weighted 1/x was calculated relating the response ratio (4-hydroxyandrostenedione/IS) (y)

to the concentration of the vehicle/calibration standards (x). This regression equation and the response ratios

Battelle Study No. WA 4,16/17 11
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were used to calculate the concentration in each standard and fOlmulation sample. The percent relative errr for

each standar was calculated by subtracting the nominal value fi-om the determined value, dividing by the

nominal value, and then multiplying by 100. The percent relative error for each formulation sample was

calculated by subtracting the target value from the deteimined value, dividing by the target value, and then

multiplying by 100. The average determined concenlration, standar deviation, and percent relative standard

deviation were calculated for the vehiclercalibration standars and formulation samples when applicable.

6.6 Results

Specifcity is shown by the representative overlaid chromatograms of the high and low standards, blank

with intemal standard and a blank presented in Figure 4.

400

- ~

IS

, ~

ll.
5T01 B

STD 4 B

f--'. L-. 81+IS8
BI8

4 HYDROXY ANDRO -TENEDIONE~6ûO

fr"
æ:

SOO

300

200

100

2 5 6 3 9
RetentiQn 1ime

~soo
fr
lJ
'"

400

4-AricJrostenedjone

IS

-
h CS'l a

CS4u

- Blank IS

Blank

3 4 5 6 7

300

200

100

Retennon time

Figure 4 - Representative Overlaid Chromatograms of a High and Low Vehicle/Calbrauon Standard,
Blank with is, and Blank from FOl"l1lauon Analysis Batch 1-ASDN and Batch 2-ASDN (Shown Top to

Bottom)
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The regression analysis results of the vehicle/calibration standard cures indicated linearity and are

shown in Table 6.

Table 6 -Regression Analysis Results

Slope y,Intel'ept Conelation Cocffcicnt Standard ErrOl'

0.0038

0.0035

0.0036

0.0038

-0.0140

-0.0037

-0.0251

-0.0218

0.9999

1. 000

0.9999

0.9999

0.0117

0.0061

0.0100

0.0104

The results of the formulation analyses are mown in Table 7.

Table 7 - Formulation Analysis Results

Batch Det'd Cone (mg/mL) AvgDet'd Cone (mg/mL) Avg % RE % RSD

I,ASDN

2,ASDN

3-ASDN

4-ASDN

3.005

3.056

3.112

2.943

3.022

3.089

3.053

2.945

3.005

3.049

3.063

2.950

3.011

3.065

3.076

2.946

,0.3

1.
1.9

-2.5

0.3

0.7

1.0

0.1

The formulations met acceptance criteria (R within 10% of target and RSD of'S 10%).

6.7 Conclusions

The average concentration of the stock formulations and their percent relative standard deviation were

within acceptance criteria. Therefore the formulations were suitable for use.

7 ACKNOWLEDGMENTS

Analytical support for this work was provided by Sandy Runyon, Chrs Zielinsi, Tudor Fernando, Kevin

Carrico, and Darren Brown. The report was written by Denise Contos. Review of the data and report for

completeness and accuracy was performed by lvlaria Evascu. Assessment of the overall quality of the data and

report was performed by Hillary Flory.

Battelle Study No. W A 4-16/17 13

D-18



Battelle Study Number G6083 1 7

APPENDIX E

Spreadsheets - The Aromatase Activity Calculation Page of the Spreadsheet for Each
Replicate................................................................................................................................................... . E- 1



Aliquot #
1

2
3
4
5

Battelle Study Number G6083 1 7

DPM/g
soln.
1187026
1320729
1336872
1375938
1382932

Average DPM/g soln
SD
CV

Cil soln

1 320699
79143

5.99

0.595

Calculation of actual concentration of nonradiolabeled ASDN in solution used to re are substrate solution:

ASDN solution

Stock
Dilution A

Dil ution B

mg ASDN total volume dilutionadded factor (ASDN) in solution ()1g/mL)
1020.00

10.20
1.02

Calculation of concentration nonradiolabeled ASDN in substrate solution

Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

1) Calculate)1g l'HJASDN/g soln. = 0.00673 )1g/g soln.

)1g/g soln.
a. )1Ci/g soln

b. Specific activity of l'H1ASDN (¡Ci/mmol)
c. Molecular wt of ASDN (mg/mmol)

2) Calculate total )1g ASDN/g soln.

Formula=a/b*c

9
0.57379 )1g/g

0.595

)1g ASDN/g soln= )1g cold ASDN/g soln. + )1g ¡'H)ASDN/g soln.

0.573790 + 0.00673
0.580525 )1g ASDN/g soln

3) Calculate Solution Specific Activity

= (fLCi/g soln.)/(fLg ASDN/g soln.)
1.025 fLCi/)1g ASDN

651563 d mlnmol

E-1
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Aliquot #
1

2
3
4
5

DPM/g
soln.
1451020
1500867
1549948
1531897
1509487

Average DPM/g soln
SD
CV

1508644
37511

2.49

iCil soln 0.680

Calculation of actual concentration of nonradiolabeled ASDN in solution used to re are substrate solution:

ASDN solution

Stock
Dilution A

Dilution B

mg ASDN total volume dilutionadded factor (ASDNJ in solution (¡.g/mL)
1020.00

10.20
1.02

Calculation of concentration nonradiolabeled ASDN in substrate solution

Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

9

9
0.573807 ig/g

Calculation of Substrate Solution Soecific Activitv

1) Calculate ¡.g ¡'HJASDN/g soln. = 0.00769 ¡.g/g soln
¡.g/g soln.

a. ¡.Ci/g soln
b. Specific activity of ('HJASDN (¡.Ci/mmol)
c. Molecular wt of ASDN (mg/mmo~

0.680
25300000

286.4

Formula=a/b*c

2) Calculate total ¡.g ASDN/g soln.

¡.g ASDN/g soln.= ¡.9 cold ASDN/g soln. + ¡l9 ('HJASDN/g soln.

0.573807 + 0.00769
0.581500 ¡.g ASDN/g soln.

3) Calculate Solution Specific Activity

= (¡.Ci/g soln.)(¡.g ASDN/g soln.)
1.169 ¡iCi/¡.g ASDN

743036 dpmlnmol

E-6
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Battelle Study Number G6083 17

Aliquot #
1

2
3
4
5

Weight of
aliquot (g)

0.0194
0,0194
0.0196
0.0194
0.0195

DPM/g
soln
1324381
1359742
1378214
1353299
1387231

Average DPM/g soln
SD
CV

1360574
24420

1.79

Cil soln 0.613

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution
Stock
Dilution A
Dilution B

mg ASDN
added
1.0.6

total volume

(mL)

10

dilution
factor

100

10

(ASDNJ in solution (fig/mL)
1060.00

10.60
1.06

Calculation of concentration nonradiolabeled ASDN in substrate solution

Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

9

9
0.596672 figlg

Calculation of Substrate Solution Specific Activitv

1) Calculate fig ¡'HJASDN/g soln. = 0.00694 ~ig/g soln.

fig/g soln.
a. fiCi/g soln
b. Specific activrty of ¡'HJASDN (JlCi/mmol)
c. Molecular wt of ASDN (mg/mmo~

0.613
25300000

286.4

Formula=a/b*c

2) Calculate total fig ASDN/g soln.

Jlg ASDN/9 soln.= fig cold ASDN/g soln. + Jlg ('HJASDN/g soln.

0.596672 + 0.00694
0.603610 ~ig ASDN/g soln.

3) Calculate Solution Specific Activity

= (JlCilg soln.)/(fi9 ASDN/g soln)
1.015 JlCilJlg ASDN

645563 dpmlnmol

E-ll
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Aliquot #
1

2
3
4
5

Weight of DPM/g
soln.
1173351
1234949
1254772
1230051
1310459

Average DPM/g soln
SO
CV

Battelle Study Number G6083 17

1240716
49363

3.98

0.559

Calculation of actual concentration of nonradiolabeled ASDN in solution used to re are substrate solution:

ASDN solution
Stock
Dilution A

Dilution B

DPM/Aliq.

,Cil soln

mg ASDN total volume dilubonadded factor lASDN) in solution (Jlg/mL)
1130.00

11.30
1.13

Calculation of concentration nonradiolabeled ASDN in substrate solution

Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

1) Calculate ¡'g ¡'HjASDN/g soln. = 0.00633 Jl9Ig soln.

Jl9/g soln.
a. JlCi/g soln
b. Specific activ~y of ¡'HJASDN (JlCi/mmol)
c. Molecular wt of ASDN (mg/mmoQ

0.559

Formula=a/b*c

2) Calculate total Jlg ASDN/g soln.

¡'g ASDN/g soln.= Jlg cold ASDN/g soln. + ¡'g ¡'H)ASDN/g soln.

0635242 + 0.00633
0.641569 Jlg ASDN/g soln.

3) Calculate Solution Specific Activity

= (JlCilg soln.)/(¡,g ASDN/g soh)
0.871 JlCi/Jlg ASDN

553863 d mlnmol

E-16

9
5g

0.635242 Jl9Ig
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Battelle Study Number G608317

Recombinant Assay 12-20-2004

Recombinant Assay Replicate 1

-9 -8 -7 -6
log (4-0H ASDNl

-5

-6.00 9.59 9.42 8.88
-7.00 46.49 48.25 48.08
-7.30 65.03 64.00 63.23
-7.60 76.72 75.94 79.58
-8.00 80.12 80.05 83.56
-9.00 87.98 95.43 90.18

Sigmoidal dose-response (variable slope)
Best-fit values

BOTTOM

TOP
LOGEC50
HILLS LOPE
EC50

Std. Error

LOGEC50
HILLSLOPE

95% Confidence Intervls
LOGEC50
HILLS LOPE
EC50

Goodness of Fit
Degrees of Freedom
R2 (unweighted)

Weighted Sum of Squares (iN)
Absolute Sum of Squares
Sy.x

Constraints
BOTTOM
TOP

Data
Number of X values
Number of Y replicates
Total number of values
Number of missing values

F-1

0.0
100.0
-7.062
-0.9022
8. 67ge-008

0.02430
0.03667

-7.113 to -7.010

-0.9799 to -0.8245
7.70ge-008 to 9.772e-008

16

0.9744
4.275
343.6
4.634

BOTTOM = 0.0
TOP = 100.0

6
3

18

o



Battelle Study Number G608317

Recombinant Assay 12-21-2004

Recombinant Assay Replicate 2

õ....i:
o
U..o..i:
a¡u..
a¡
a.

-9 -8 -7 -6 -5

log (4-0H ASDNl

-6.00 7.86 7.49 8.13
-7.00 40.78 39.10 39.71
-7.30 55.77 55.12 57.93
-7.60 74.92 73.52 71.73
-8.00 84.67 82.88 80.47
-9.00 90.34 90.11 95.58

Sigmoidal dose-response (variable slope)
Best-fit values

BOTTOM

TOP
LOGEC50
HILLS LOPE
EC50

Std. Error

LOGEC50
HILLS LOPE

95% Confidence Intervls
LOGEC50
HILLS LOPE
EC50

Goodness of Fit
Degrees of Freedom
R2 (unweighted)

Weighted Sum of Squares (1/Y)
Absolute Sum of Squares
Sy.x

Constraints
BOTTOM

TOP
Data

Number of X values
Number of Y replicates
Total number of values
Number of missing values

F-2

0.0
100.0
-7.183
-0.9031
6. 558e-008

0.01653
0.02662

-7.218 to -7.148
-0.9596 to -0.8467
6.050e-008 to 7.110e-008

16

0.9878
2.160
1773
3.329

BOTTOM = 0.0
TOP = 100.0

6

3

18

o
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Battelle Study Number G608317

Recombinant Assay 12-22-2004

Recombinant Assay Replicate 3

-9 -8 -7 -6
log (4-0H ASDN)

-6.00 8.82 8.50 8.83
-7.00 45.54 43.25 44.13
-7.30 66.80 64.11 64.31
-7.60 77 .46 75.98 70.71
-8.00 96.48 91.24 86.62
-9.00 98.98 95.86 99.50

-5

Percent of Control Values
Sigmoidal dose-response (variable slope)
Best-fit values

BOTTOM

TOP
LOGEC50
HILLS LOPE
EC50

Std. Error

LOGEC50
HILLS LOPE

95% Confidence Intervls
LOGEC50
HILLSLOPE
EC50

Goodness of Fit
Degrees of Freedom
R2 (unweighted)

Weighted Sum of Squares (1/Y)
Absolute Sum of Squares
Sy.x

Constraints
BOTTOM

TOP
Data

Number of X values
Number of Y replicates
Total number of values
Number of missing values

F-3

0.0
100.0
-7.071
-0.9678
8.493e-008

0.01571
0.02755

-7.104 to -7.038
-1.026 to -0.9094
7.866e-008 to 9. 170e-008

16

0.9909
1.988
149.5
3.057

BOTTOM = 0.0
TOP = 100.0

6
3

18

a



Recombinant Assay 03-11-05

Battelle Study Number G608317

Recombinant Assay Replicate 4

110
10

Õ 90
~ 80
o 70
~ 60
2 50
15 40
~. 30
~ 20

10
o
-10 -9 -8 -7 -6

log (4-0H ASDNl

-6.00
-7.00
-7.30
-7.60
-8.00
-9.00

11.34
48.64
63.77
71.97
85.11
89.34

11.22
54.37
67.64
79.29
83.28
87.01

Sigmoidal dose-response (variable slope)
Best-fit values

BOTTOM
TOP
LOGEC50
HILLSLOPE
EC50

Std. Error
LOGEC50
HILLSLOPE

95% Confidence Intervals
LOGEC50
HILLSLOPE
EC50

Goodness of Fit
Degrees of Freedom
R2 (unweighted)

Weighted Sum of Squares (1/Y)
Absolute Sum of Squares .
Sy.x

Constraints
BOTTOM
TOP

Data
Number of X values
Number of Y replicates
Total number of values
Number of missing values

-5

11.38
51.57
66.29
75.76
84.36
86.51

0.0
100.0
-7.008
-0.8528
9.807e-008

0.02920
0.04000

-7.070 to -6.947
-0.9377 to -0.7680
8.504e-008 to 1.131e-007

16
0.9637
5.531
440.3
5.246

BOTTOM = 0.0
TOP = 100.0

6
3
18
o
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Offsite Quality Assurance Statement

Study Number:G608317

This study was inspected by the Quality Assurance Unit and reports were submitted to the
Study Director and Management as follows:
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Study Director/
Management
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Audit study file
Audit draft report

10/1212005
10/12/2005

10/12/2005
10/12/2005

Quality Assurance Unit Date

jJWl1 erz
Hilar Fl .

10-20-05
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Battelle Study Number G608317

This report discusses the methods and results ofthe intralaboratory statistical analysis on
the data collected at Battelle with the recombinant .aromatase assay in the 4-0H ASDN positive
control inhbitor study.

Summary and Conclusions

Statistical analyses were cared out on the percent of control responses for aromatase
activity in four independent replicates. Within each replicate three repeat tubes were run at each
of six graded concentrations ofthe positive control inhibitor 4-0H ASDN. Additionally two full
enzyme activity control tubes and two background activity control tubes were run at the
beginning of each replicate and two full enzyme activity and two background activity controls
were ru at the end.

Concentration response curves were fitted within each replicate to describe the relation
between 4-0H ASDN concentration and extent of inibition. The concentration response curves

were summarzed by the ICso (concentration corresponding to 50 percent inhibition) and slope.
Results were compared across replicates. In addition full enzyme activity and background
activity control tube responses were compared between beginnng and end of each replicate to
identify differences with replicates and differences across replicates.

The following results were obtained:

1. Replicate 2 had a lower estimated ICso than the other thee replicates. Replicate 3 had a

more negative slope than the other three replicates. Replicate 4 had a higher estimated
ICso and a less negative slope than the other replicates. The variance for ICso among the
replicates was high compared to the variances within replicates; it was at least near 8
times higher when only replicates 2 to 4 considered or 5 times higher when all 4
replicates considered.

2. For the background activity controls, the measurements at the end were similar to those at

the begimng for all replicates except replicate 2. Replicate 2 had a higher average at the
beginng due to the higher measurement in a repetition atthe beginning (close to 0.5%,
Table A-2). Without this data, the average at the beginning would be similar to that at
the end for replicate 2.

3. For the full enzyme activity controls the average percent of control responses at the end

was lower than at the beginning for each replicate. The ends were about 5% to 19%
lower than the beginnings. This provides a suggestion of reduction in aromatase enzyme
activity between the beginning and end of a replicate.

4. For the background activity controls averaged across replicates there was not a significant
difference between the beginning and the end portions whether or not replicate 1 was
included in the analysis. For the full enzyme activity controls the average across
replicates was highly significantly lower at the end portion than at the beginning, whether
or not replicate i was included. The vaiiation of portion (end vs. beginning) effects
among replicates was zero or near zero for both the background activity and the full

Draft Report 3 October 2005
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enzyme activity controls.

Introduction and Background

Task 3 of the Recombinant Aromatase Validation Study involves the individual
laboratories independently carying out the recombinant aromatase assay with positive control
inhibitor 4-0H ASDN and centrally prepared micro somes, according to a common protocol.
This report discuses the methods and results of the intralaboratory statistical analysis pedoilied
on the experimental data collected by Battelle. Aromatase activity levels were detem1Ined for
the full enzyme activity control, the background activity control, and for six graded
concentrations of positive control inhibitor 4-0H ASDN.

Four replicates of the positive control inhibitor study were cared out. Within each
replicate three repetitions were ru at each ofthe 4-0H ASDN log (base 10) concentrations -6,
-7, -7.3, -7.6, -8, and -9. In addition two repeat tubes ofthe full enzyme activity and background
activity controls were run prior to the 4-0H ASDN runs and two repeat tubes of the fìill enzyme
activity and background activity controls were run following the 4-0H ASDN rus.

Statistical analyses were carried out on the "percent of control" responses. Percent of
control is defined as the ratio ofthe (background adjusted) aromatase activity in the tube under
consideration to the (background adjusted) average aromatase activity among the four full
enzyme activity control tubes within the replicate, times 100. The average percent of control
among the four full enzyme activity control tubes is necessarly 100 percent within each
replicate. The average percent of control among the four background activity control tubes is
necessarily 0 percent.

Nominally for an inhibitor the percent of control activity values vary between
approximately 0% near the high inhibition concentrations and approximately 100% near the low
inhibition concentrations, but this may vary with the inhibitor.

Objectives

The primary objectives of the statistical analysis are:

1. Fit concentration cures within each replicate to describe the trend in the percent of

control activity across varyng inhibitor concentrations oftest substance 4-0H ASDN.
2. Estimate the ICso concentration, slope, and associated standard errors within each

replicate.
3. Combine results across replicates to determine the average IC50 concentration, average

slope, and associated standard errors.
4. Determine whether there are differences between the full enzyme activity and

background activity controls obtained at the beginning and those obtained at the end of
each replicate.

5. Assess the consistency of conditions within replicates and across replicates based on the

Draft Report 4 October 2005
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full enzyme activity and background activity control values.

Statistical analyses were carried out based on the results from all four replicates, as well
as the results restricted to replicates 2 to 4.

Statistical Analysis Methods

Concentration Response Trend CurVes

Within each replicate a concentration response curve was fitted to the percent of control
activity values at the thee repetitions at each ofthe six graded 4-0H ASDN inhibitor
concentrations.

For purposes of response curve fitting, concentration was expressed on the log scale. In
agreement with past convention, common logarthms (i.e. base 10) were used. Let X denote the
logarthm of the concentration of inhibitor compound (e.g. if concentration = 10's then X = -5).
Let

Y = (background corrected) percent of control in the inhibitor tube
X = logarithm (base 10) ofthe concentration
DA VG = average (not corrected for background) DPMs across the repeat tubes with the

same inhibitor concentration
ß = slope of the concentration response cure (ß is negative)
I- = logioICso (ICso is the concentration corresponding to percent of control equal to

50%)

The following two parameter concentration response curve was fitted to relate percent of control
activity to logarthm of concentration within each replicate

Y =100/(1 + 10(~.X)ßJ + E

where E is the variation among repetitions, distrbuted with mean 0 and variance proportional to
DA VG (based on Poisson distrbution theory for radiation counts). The varance is also
approximately proportional to the response Y.

The response cure was fitted by weighted least sqnares nonlinear regression analysis
with weights equal to 1/Y. This weighting system gives greatei weight to the lower end of the
concentration response curve, where greater inhibition occurs.

Model fits were cared out using PRlSM softare (Version 4). Observed percent of
control values above 100% were set to 99.5%. Observed percent of control values below 0%
were set to 0.5%. This adjustment tacitly assumes an upper bound of 100% on the concentration
response curve and a lower bound of 0%.

For each replicate the estimated logioICso (l-) and its associated standard error, the ICso

Draft Report 5 October 2005
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and its associated geometric standard error, the slope (ß) and its associated standard error, and
the "Status" of each response curve are reported. The "Status" of each response curve is
indicated as "C", complete, if the concentration response curve inhibition ranges from essentially
o percent to 100 percent of control. Otherwise it is indicated as "II", incomplete but can
interpolate to 10gioICso or "IX", incomplete but must extrapolate to 10gloICso, These are the
definitions of response curve "Status' that were used in this analysis. A modified set of
descriptors of response cure status that conform to EP A conventions wil be used in subsequent
analyses.

For each replicate the individual percent of control values were plotted versus logarithm
of inhibitor compound concentration. The fitted concentration response curve was superimposed
on the same plot. These plots display the data, the fitted response curves in relation to these data,
and deviations from the fits.

One-way random effects analysis of varance models with heterogeneous varances
among the replicates were fitted to the parameter estimates, 10gioICso (¡.) and slope (ß), from the
concentration response cure fits within each replicate, using weights incorporating within
replicate varances. The random effect was replicate. The within replicate varances were
estimated as the squares of the standard errors for each replicate. The analysis of variances fits
provide estimated weighted average effects (mean) across the replicates and their associated
standard errors. Degrees of freedom associated with the mean effects were calculated based on
Sattertwaite's approximation.

The estimated ICso for the test substance was estimated as i 0 to the power mean
logloICso. The geometric standard error associated with the estimated ICso was estimated as 10 to
the power standard error associated with mean loglOICso.

Slope (ß) and 10gioICso (¡.) were each compared across replicates based on this one-way
random effects analysis of variance model fit. For each of ß and ¡., plots were prepared that
display the parameters within each replicate with associated 95% confidence intervals based on
the within replicate standard error and the average across replicates with associated 95%
confdence interval incorporating replicate-to-replicate variation.

Concentration response cures were fitted to the averages of the three repetitions within
each replicate. Estimates and associated standard errors (or geometrc standard error) for
10gioICso (,u), ICso, and slope (ß) were displayed. The averages ofthe three repetitions for each
ofthe four replicates were plotted in the same plot with plotting symbols distinguishing among
replicates. The concentration response curves for each replicate, fitted to the average data, were
superimposed on the same plot to compare the percent of control activity values across
replicates.

On a separate plot the average percent of control values for each of the four replicates

were plotted versus logarthm of inhibitor concentrations. The average concentration response
curve across replicates was superimposed on the same plot. The average response cure was
calculated as
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Y = 1 00/( I + 10 ~avg(~avg - x),ílvg . J
where ß.vg and f.avg were estimated across the four replicates, based on the random effects one-
way analysis of varance model discussed above. An analogous plot, restricted to replicates 2 to
4, was also prepared.

All concentration response cures were fitted to the data using the non-linear regression
analysis features in the PRISM statistical analysis package, Version 4. Supplemental statistical
analyses and displays such as summary tables, graphical displays, analysis ofvaiiance, and
multiple comparisons were carred out using PRISM and the SAS statistical analysis system-
Version 9.

Analysis of Variance of Full Enzvie Activity Controls and Background Activity Controls

Across Replicates

Within each replicate quadruplicate repetitions were made of the full enzyme activity
control and the background activity control responses. Half the repetitions were cared out at
the beginning of the replicate and half at the end. If the test conditions were consistent
throughout the replicate, the control tube responses at the beginning should be equivalent to
those at the end.

The control responses were expressed as percent of control. The full enzyme activity and
background activity controls percent of control responses were plotted across replicates, with
plotting symbol distinguishing between beginnng and end, and with reference line 0%
(background activity control) or 100% (full enzyme activity control). These plots indicate the
extent of consistency across replicates with respect to average value and variability, and provide
comparsons of beginning versus end of each replicate. Additional plots were prepared
displaying the difference of the average of the first two percent of control values (i.e. those based
on the "beginnng" tubes) and the average of the last two percent of control values (i.e. those
based 011 the "end" tubes) across replicates. Each plot has a reference line of O.

Mixed effects analysis of varance models were fitted to the background activity controls
and to the full enzyme activity controls data. The fixed effect factor in the analysis of variance
was portion (beginning or end). The random effects were replicate and portion by replicate
intera.ction. The residual error variation was based on the varation among repetitions within
replicate and portion. The response was percent of control. For the background activity and full
enzyme activity controls the average ofthe repetitions within a replicate are constrained to be 0
and 100 respectively, which implies that the variation associated with the replication effect is
necessarily constrained to be O.

This analysis was cared out for replicates i to 4 and additionally for replicates 2 to 4,
using the SAS statistical analysis system, Version 9.

Statistical Analysis Results

The percent of control responses are displayed in Table A-I for each replicate and for
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each 4-0H ASDN (Jogio) concentration. The full enzyme activity and background activity
control percent of control responses are displayed in Table A-2, sorted by replicate and
beginning and end within replicate.

Concentration response curves were fitted separately to the repeat tubes data within each
replicate and to the averages of the repetitions within each replicate (Table A- I). The parameters
of these fitted concentration response curves are displayed in Table 1. The individual repetition
data within each replicate are plotted in Figure A- i through Figure A-4 with the corresponding
fitted concentration response curves superimposed in each figure. Figue 1 displays the four
concentration response cures fitted to the averages ofthe three repetitions within each replicate.
The concentration response curves for the four replicates are similar.

The parameters ofthe average concentration response curve, based on random effects
analysis of varance model fits with replicate as a random effect are displayed in Table 1. The
average parameters based on replicates 1 to 4 and those based on replicates 2 to 4 are displayed.
The average concentration response curves, along with the averages of three repetitions within
each replicate are plotted together in Figure 2 (replicates 1 to 4) and in Figure 3 (replicates 2 to
4).

The parameter estimates for each replicate and the average parameter estimates across
replicates with their associated 95% confidence intervals are displayed in Table 2, and graphed
in Figure 4 for loglOICso (il) and Figure 5 for slope (ß). Regardless whether replicate i was
included, replicate 2 had a lower estimated ICso than the averages across replicates; replicate 3
had a more negative slope than the averages across replicates; replicate 4 had a higher estimated
ICso and a less negative slope than the averages across replicates.

The results of analyses of variance for these estimates are presented in Table 3. For each
replicate the squares of the standard errors associated with each parameter are given. These
estimates include only within replicate variation. Across replicates, the replicate-to-replicate
variation and the square ofthe standard error of the overall average are displayed. These
estimates include both withn replicate variation and replicate-to-replicate variation. The
varance for logloICso among the replicates was high compared to the variances within replicates;
it was at least 8 times higher when only replicates 2 to 4 considered or 5 times higher when all 4
replicates considered. The variance components across replicates 2 to 4 are seen to be greater
than those across replicates 1 to 4.

The background activity control and full enzyme activity control responses for each
replicate are displayed in Table A-2. These data are plotted by replicate in Figures 6 and 7, with
plotting -symbol distinguishing between beginning and end of the replicate. Figures 8 and 9 show
the differences between the averages at the beginning and at the end within each replicate (end
minus beginning). For the background activity controls, the measurements at the end were
similar to those at the beginning for all replicates except replicate 2. Replicate 2 had a higher
average at the beginning due to the higher measurement in a repetition at the beginning (close to
0.5% , Table A-2). This value differed considerably from any of the other background activity
controls. Without this data value, the average at the beginning would be similar to that at the end
for replicate 2. For the full enzyme activity controls the average percent of control responses at
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the end were lower than those at the beginning for each replicate. The differences in the full
enzyme activity controls between the end and the beginning of each replicate vared between
-5% and -19%. This suggests reduction in aromatase enzyme activity between the beginning and
end ofthe replicates.

Mixed effects analysis of varance models were fitted to the background activity control
and full enzyme activity control data with portion as a fixed effect and with replicate and
replicate by portion interaction as random effects. The component of variation due to replicate is
constrained to be 0 by the definitions ofthe background activity and full enzyme activity control
responses. The results are displayed in Table 4. The left panel of the table displays the results
of the tests for the differences between the responses collected at the beginning and at the end of
a replicate, averaged across replicates (beginning minus end). The right panel displays the
estimated variance components. No signficant diff~rences were observed between the
beginning and the end, averaged across replicates, for the background activity controls, whether
replicate i was included in the analysis or was excluded. Highly significant differences between
the beginning and the end portions were observed for the full enzyme activity controls. The
variation in replicate 1 is greater than that in the other replicates. The estimated varance for the
porton by replicate interaction is considerably smaller than the residual variation, which is based
on the varation between the two repetitions canied out within the same portion of the same
replicate. The estimated variance for replicate is zero, which reflects the constraints on the
control values.
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Table 1. Estimated Parameters of the Concentration Response Curve Fits by Replicate
and Averaged Across Replicates. Percent of Control Activity. Recombinant
Aromatase Assay

Replicate LogiolCso (SE) ICso (GSE)' Slope (SE) Status

Individual Values'

1 -7.062 (0.02430) 8.679xI0" (1.05755) -0.9022 (0.03667) C

2 -7.183 (0.01653) 6.558xl 0" (1.03880) -0.9031 (0.02662) C

3 -7.071 (0.01571) 8.493xlO" (1.03684) -0.9678 (0.02755) C

4 -7.009 (0.02922) 9.805xI0-8(1.06960) -0.8527 (0.04002) C

Mean of Replicates 2-4' -7.090 (0.05061) 8. 136x1 0" (1. J 2360) -0.9123 (0.03203) --

Mean of Replicates 1_4d -7.083 (0.3673) 8.252xio' (1.08824) -0.9114 (0.02344) --

Averages Valuesb

I -7.061 (0.04465) 8.689x 10" (Ll 0828) -0.9027 (0.06744) C

2 -7.183 (0.02855) 6.567x1O-' (1.06795) -0.9033 (0.04600) C

3 -7.070 (0.02124) 8.51 2xl 0" (1.05012) -0.9693 (0.03734) C

4 -7.007 (0.05367) 9. 842x I 0" (1.13154) -0.8538 (0.07361) C

a. Concentration response cure fitted to the data collected withi each replicate, with three repetitions at each
4-0H ASDN concentration leveL.

b. Concentration response cure fitted to the averages of tiie three repetitions at each 4-0H ASDN
concentratíolllevel Witliin each replicate.

c. Weighted averages of the parameter estimates across replicates, estimated based 011 replicates 2 to 4.
d. Weighted averages of the parameter estimates across replicates, estimated based 011 replicates I to 4.
e. lO to the power ofloglOICso and 10 to the power of its associated standard error.
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Battelle Study Number G608317

Table A-I. Percent of Control Activity in Recombinant Assay by Replicate, 4-0H ASDN

Concentration Within Replicate, and Repetition Within Concentration

II Replicate
Percent of Control

Log i4-0H ASDNI
Repetition 1 Repetition 2 Repetition 3

-6.00 9.59 9.42 8.88

-7.00 46.49 48.25 48.08

-7.30 65.03 64.00 63.23
1

-7.60 76.72 75.94 79.58

-8.00 80.12 80.05 83.56

-9.00 87.98 95.43 90.18

-6.00 7.86 7.49 8.13

-7.00 40.78 39.10 39.71

-7.30 55.77 55.12 57.93
2

-7.60 74.92 73.52 71.3
-8.00 84.67 82.88 80.47

-9,00 90.34 90.11 95.58

-6.00 8.82 8.50 8.83

-7.00 45.54 43.25 44.13

-7.30 66.80 64.11 64.31
3

-7.60 77.46 75.98 70.71

-8.00 96.48 91.24 86.62

-9.00 98.98 95.86 99.50

-6.00 11.4 11.22 11.8
-7.00 48.64 54.37 51.57

-7.30 63.77 67.64 66.28
4

-7.60 71.92 79.29 75.76

-8.00 85.11 83 .28 84.36

-9.00 89.33 87.01 86.51

Draft Report A - 1 October 2005
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Battelle Study Number G608317

Table A-2. Background Activity Control and Full Enzyme Activity Control Corrected
Aromatase Activity by Replicate and Portion (Beginning or End).
Recombinant Aromatase Assay.

Aromatase Activity Replicate Portion Corrected Activity % of Control'

Beginning 0.000150 0.0807
i

Beginning -0.000024 -0.0130

End - 0 . 000005 -0.0026

End -0.000121 -0.0651

2 Beginning 0.000806 0.4742

Beginning - 0.000228 -0.1342

End - 0 . 000228 -0.1342
Background End - 0 . 000350 -0.2058

Activity Control 3 Beginning .0.000006 -0.0031

Beginning 0.000017 o . 0093

End - 0.000052 -0.0278

End 0.000041 0.0217
4 Beginning -0.000041 -0.0200

Beginning 0.000014 0.0067

End 0.000205 0.1002

End -0.000178 -0.0868

1 Beginning 0.196252 105.2836

Beginning 0.211292 113.3521

End O. 178825 95. 9345

End 0.159244 85.4298

2 Beginning 0.179997 105.8366

Beginning O. 178090 104.7152

End 0.151065 88.8249
Full Enzyme End 0.171131 100.6233

Activity
3 Beginning 0.196079 104.3281Control

Begìnning 0.189009 100.5661

End 0.186148 99.0441

End 0.180543 96.0617

4 Begìnning 0.211255 103.2583

Beginning 0.216937 106.0359

End 0.194535 95.0858

End 0.195627 95.6200

a. The corrected aromatase activity values were divided by the average of the four full
enzyme activity control activity values within the same replicate and multiplied by lOO
percent.
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1.0 Executive Summary

The objective of this study was to validate the recombinant aromatase assay with a known
inhibitor. This study was part of a multi-laboratory effort for the validation of the recombinant
aromatase assay. The protocol was specific to the study conducted at In Vitro Technologies, Inc.
In Vitro Technologies conducted three separate experiments to evaluate the inhibition of
recombinant aromatase by 4-hydroxyandrostenedione (4-0H ASDN).

For replicate 1, the aromatase activity was 0.1774 nmol/mg/min and the ICso was 8.809 x 10-8 M.
For replicate 2, the aromatase activity was 0.1795 nmol/mg/min and the ICso was 9.634 x 10-8M.
For replicate 3, the aromatase activity was 0.2909 nmol/mg/min and the ICso was 8.340 x 10-8 M.

2.0 Introduction

2.1 Background

The Food Quality Protection Act of 1996 was enacted by Congress to authorize the U.S.
Environmental Protection Agency (EPA) to implement a screening program on pesticides and
other chemicals found in food or water sources for endocrine effects in humans. Thus, the U.S.
EPA is implementing an Endocrine Disruptor Screening Program (EDSP). In this program,
comprehensive toxicological and ecotoxicological screens and tests are being developed for
identifying and characterizing the endocrine effects of various environmental contaminants,

industrial chemicals, and pesticides. The program's aim is to develop a two-tiered approach, e.g.,
a combination of in vitro and in vivo mammalian and ecotoxicological screens (Tier 1) and a set of
in vivo tests (Tier 2) for identifying and characterizing endocrine effects of pesticides, industrial
chemicals, and environmental contaminants. Validation of the individual screens and tests is
required, and the Endocrine Disruptor Method Validation Committee (EDMVAC) will provide
advice and counsel on the validation assays.

Estrogens are sex steroid hormones that are necessary for female reproduction and affect the
development of secondary sex characteristics of females. Estrogens are biosynthesized from
cholesterol by a series of enzymatic steps, with the last step involving the conversion of

androgens into estrogens by the enzyme aromatase. Estrogen biosynthesis occurs primarily in
the ovary in mature, premenopausal women. During pregnancy, the placenta is the main source
of estrogen biosynthesis and pathways for production change. Small amounts of these hormones
are also synthesized by the testes in the male and by the adrenal cortex, the hypothalamus, and
the anterior pituitary in both sexes. The major source of estrogens in both postmenopausal
women and men occurs in extraglandular sites, particularly in adipose tissue. One potential
endocrine target for environmental chemicals is the enzyme aromatase, which catalyzes the
biosynthesis of estrogens. An aromatase assay is proposed as one of the Tier 1 Screening
Battery Alternate Methods. A detailed literature review on aromatase was performed and
encompassed (1) searching the literature databases, (2) contacting individuals to obtain
information on unpublished research, and (3) evaluating the literature and personal
communications.

Aromatase is a cytochrome P450 enzyme complex responsible for estrogen biosynthesis and
converts androgens, such as testosterone and androstenedione, into the estrogens estradiol and
estrone. Aromatase is present in the ovary, placenta, uterus, testis, brain, and extraglandular
adipose tissues. Two proteins, cytochrome P450arom and NADPH-cytochrome P450 reductase,
are necessary for enzymatic activity, and the enzyme complex is localized in the smooth
endoplasmic reticulum. The aromatase gene, designated CYP19, encodes the cytochrome

P450arom and consists of 10 exons, with the exact size of the gene exceeding 70 kilobases.
Aromatase is found in breast tissue, and the importance of intratumoral aromatase and local
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estrogen production is being unraveled. Effective aromatase inhibitors have been developed as
therapeutic agents for estrogen-dependent breast cancer to reduce the growth stimulatory effects
of estrogens in breast cancer. Investigations on the development of aromatase inhibitors began
in the 1970's and have expanded greatly in the past three decades.

An in vitro aromatase assay could easily be utilzed as an alternative screening method in the Tier
1 Screening Battery to assess the potential effects of various environmental toxicants on
aromatase activity. Both in vitro subcellular (microsomal) assays and cell-based assays are
available for measuring aromatase activity. The in vitro subcellular assay using human placental
microsomes is commonly used to evaluate the ability of pharmaceuticals and environmental
chemicals to inhibit aromatase activity. In addition, human JEG-3 and JAR choriocarcinoma cell
culture lines, originally isolated from cytotrophoblasts of malignant placental tissues, have been
used as in vitro systems for measuring the effects of compounds on aromatase activity. These
cell lines are also utilized for investigations on the effects of agents in placental toxicology.

Numerous flavonoids and related phytoestrogen derivatives have been extensively evaluated for
their ability to inhibit aromatase activity for two primary reasons: (1) these natural plant products
can serve as possible leads for the development of new nonsteroidal aromatase inhibitors; and
(2) humans and other animals are exposed to these agents through the diet. In general, the
flavonoids and related analogs demonstrate aromatase inhibition with ICso values in the
micromolar range; however, these compounds lack both the potency and specificity of aromatase
inhibitors developed for breast cancer therapy. Several pesticides have also demonstrated
inhibition of aromatase activity in the human placental microsomal assay system, with ICso values
for aromatase inhibition ranging from 0.04 I-M to greater than 50 I-M.

The human placental microsomal aromatase assay was recommended as the in vitro aromatase
screening assay to be included in the Tier 1 Screening Battery. This assay wil detect

environmental toxicants that possess the ability to inhibit aromatase activity. Prevalidation
studies on recombinant aromatase (WA 2-24) were conducted to optimize the microsomal

aromatase assay protocol for human placenta, demonstrate the utility of the microsomal assay to
detect known aromatase inhibitors, and compare the performance of a recombinant assay system
and the placental microsomal assays. Concerns with this initial work involving high variability in
some runs and partial inhibition curves were addressed in a supplemental prevalidation study
(WA 4-10). The objective of the current work assignment is to use the now optimized assay to
obtain intra- and interlaboratory assay variability estimates to complete the validation of the
human placental microsome aromatase assay.

2.2 Task Description and Objectives

The objective of this study was to validate the recombinant aromatase assay with a known
inhibitor. This study was part of a multi-laboratory effort for the validation of the recombinant
aromatase assay. The protocol was specific to the study to be conducted at In Vitro
Technologies, Inc.

3.0 Materials and Methods

3.1 Substrate

The substrate for the aromatase assay was androstenedione (ASDN). Non-radiolabeled and
radiolabeled ASDN were used. The non-radiolabeled ASDN (lot 024K0809) was obtained from
Sigma, St. Louis, MO by Battelle's Chemical Repository and was then distributed to the
participating laboratories. It had a reported purity of 99%. The radiolabeled androstenedione
((1ß-3H)-androstenedione, (3H)ASDN, lot 3538496), was obtained from Perkin Elmer Life Science,
Boston, MA and had a reported specific activity of 25.3 Ci/mmo!. Radiochemical purity was
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reported by the supplier to be ;: 97%. Radiochemical purity was assessed by high performance
liquid chromatography by the lead laboratory. The results of this analysis are presented in the
report contained in Appendix 6.

Since the specific activity of the stock (3H1ASDN was too high for use directly in the assay, a
solution containing a mixture of nonradiolabeled and radiolabeled ASDN was prepared such that
the final concentration of ASDN in the assay was 100 nM and the amount of tritium added to each
incubation was approximately 0.1 ¡.Ci. This substrate solution had a concentration of 2 ¡.M with a
radiochemical content of about 1 ¡.Ci/mL.

The following illustrates the preparation of a substrate solution using a stock of (3H1ASDN with a
specific activity of 25.3 Ci/mmol and a concentration of 1 mCi/mL. A 1:100 dilution (10 ¡.Ci/mL) of
the radiolabeled stock in 0.1 M sodium phosphate was prepared. A 1 mg/mL solution of ASDN in
95% ethanol was prepared. Dilutions were prepared in 0.1 M sodium phosphate to a final
concentration of 1 ¡.g/mL. The 1 ¡.g/mL solution of ASDN (4.5 mL), 800 ¡.L of the eH1ASDN
dilution, and 2.7 mL of buffer were combined to make 8 mL of substrate solution (enough for
80 tubes). The weight of each component added to the substrate solution was recorded. After
mixing the solution well, aliquots (approximately 20 ¡.L) were weighed and combined with
scintillation cocktail for radiochemical content analysis. The addition of 100 ¡.L of the substrate
solution to each 2 mL assay volume yielded a final (3H1ASDN concentration of 100 nM with

0.1 ¡.Ci/tube.

3.2 Test Substances

The test article was identified in this study as follows:

. 4-hydroxyandrostenedione (4-0H ASDN, molecular weight 302.4 g/mol, CAS no.: 566-48-3)

Battelle provided 4-0H ASDN as a stock solution in ethanoL. The 4-0H ASDN stock formulation
was prepared by the Chemical Repository as a 0.01 M solution in 95% ethanoL. In Vitro
Technologies prepared fresh dilutions of the stock formulation using 95% ethanol (supplied by the
Chemical Repository) according to the procedures described in the following table:

10 20 1980 0.1 1 x 10-6

Working
100 900 2 0.01 1 x 10-

0.1 50 950 3 0.005 5 x 10.
Stock #1

25 975 4 0.0025 2.5x10-
Working

0.01 100 900 5 0.001 1 x 10-8
Stock #2
Working 0.001 100 900 6 0.0001 1 x 10-9
Stock #5

a. Chemical Repository stock formulation.

Battelle's Chemical Repository was responsible for chemistry activities required to perform this
study. Their responsibilities included chemical procurement, solubility, formulation stability
assessment, formulation preparation, formulation analysis and shipment of stock formulation to
the participating laboratories. These chemistry activities and results are described in Battelle's
Chemistry Report, which is appended to this document (Appendix 5).
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Chemical Chemical Mfr. Molecular
Molecular Stock Solution

Target Stock Storage
CAS No. weight Formulation Vehicle

name code Purity formula (a/moll ID Concentration Conditions

1132-1719-5,6,7 1, 0.01, 0.001 95%
ASDN 270-0010 99% 63-05-8 C19H2602 286.41 1132-1721-5,6,7 RT

1132-1723-5,6,7 mg/mL ethanol

1132-1719-8,9 0.1M

tH)ASDN 270-0012 ::97% 63-05-8 C19H2602 286.41 1132-1721-8,9 20 ~M, 2 ~M
sodium -20°C

1132-1723-8,9 phosphat
e

1132-1719-11 95%
4-0H ADSN 270-0013 99% 566-48-3 C19H2603 302.41 1132-1721-11 0.01 M ethanol 2-8°C

1132-1723-11

RT, room temperature

3.3 Microsomes

Caution: Microsomes can be denatured by detergents. Therefore, it was important to ensure that
all glassware, etc. that was used in the preparation or usage of microsomes was free of detergent
residue. New disposable test tubes, bottles, vials, pipettes and pipette tips were used directly in
the assay. Durable lab ware that may have been exposed to detergents was rinsed with water
and/or buffer prior to use in the assay.

Microsomes (lot no. 5) were obtained from RTI and stored at approximately -70°C until use. The
protein concentration was approximately 4.9 mg/mL. Microsomes were thawed rapidly in a 37 :t
1°C water bath, rehomogenized using a Potter Elvejhem homogenizer and then kept on ice until
used. For use in the assay, the microsomes were diluted in the assay buffer in two serial
dilutions. A 10-fold dilution was made to achieve a concentration of approximately 0.50 mg/mL.
Another 60-fold dilution was made to achieve the desired final working stock concentration of
approximately 0.008 mg/mL. The final target protein concentration in the incubation mixture was
approximately 0.004 mg/mL.

3.4

hate dibasic
hate monobasic

Lot Number
103K7046
042343
A43465
A28H21
SW0045

3.4.1 NADPH

NADPH (ß-nicotinamide adenine dinucleotide phosphate, reduced form, tetrasodium salt, Sigma,
catalog number 1630, 833.4 g/mol) was the required co-factor for CYP19. The final concentration
in the assay was 0.3 mM. Typically, a 6 mM stock solution was prepared in assay buffer and
100 i-L of the stock was added to the 2 mL assay volume. NADPH was prepared fresh each day
and was kept on ice.

3.4.2 Assay Buffer

The assay buffer, 0.1 M sodium phosphate buffer, pH 7.4, was prepared and stored in the
refrigerator (2 to 8°C).
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3.5 Protein Determination

The protein concentration of the microsome preparation was determined on each day of use of
the microsomes in the aromatase assay. A six-point standard curve was prepared, ranging from
0.13 to 1.5 mg protein/mL. The protein standards were made from bovine serum albumin (BSA).
Protein was determined by using a DC Protein Assay kit purchased from Bio-Rad (Hercules, CA).
To a 25 ¡.L aliquot of standard or unknown, 125 ¡.L of Bio-Rad DC Protein Kit Reagent A was
added and mixed. Bio-Rad DC Protein Kit Reagent B (1 mL) was added to each standard or
unknown and the samples were mixed. The samples were placed at room temperature for at
least 15 minutes to allow for color development. The absorbances were stable for approximately
1 hour. Each sample (standards and unknowns) was transferred to disposable polystyrene
cuvettes and the absorbance (750 nm) was measured using a spectrophotometer. The protein
concentration of the microsomal sample was determined by extrapolation of the absorbance
value using the standard curve developed using the protein standards.

3.6 Cytochrome P450 Aromatase (CYP19) Activity

The assays were performed in 13 x 100 mm test tubes maintained at 37 :t 1°C in a shaking water
bath. Propylene glycol (100 ¡.L), r3H1ASDN, NADPH, and buffer (0.1 M sodium phosphate buffer,
pH 7.4) were combined in the test tubes (total volume 1 mL). The final concentrations for the
assay components are presented in Table 1. The tubes and the microsomal suspension were
placed at 37 :t 1°C in the water bath for 5 minutes prior to initiation of the assay by the addition of
1 mL of the diluted microsomal suspension. The total assay volume was 2.0 mL, and the tubes
were incubated for 15 minutes. The incubations were stopped by the addition of 2.0 mL of
methylene chloride; the tubes were vortex-mixed for approximately 5 seconds and placed on ice.
The tubes were vortex-mixed an additional 20 to 25 seconds. The tubes were spun in a
centrifuge for 10 minutes at a setting of 1,000 rpm. The methylene chloride layer was removed
and discarded; the aqueous layer was extracted again with 2 mL of methylene chloride. This
extraction procedure was repeated once more, each time discarding the methylene chloride layer.
The aqueous layers were transferred to vials and duplicate aliquots (0.5 mL) were transferred to
20-mL liquid scintillation counting vials. Liquid scintillation cocktail (Ultima Gold, Packard, 10 mL)
was added to each counting vial and shaken to mix the solution. The radiochemical content of
each aliquot was determined as described below.

Table 1. Optimized Aromatase Assay Conditions

Microsomal Protein (mg/mL)8

NADPH (mM)8

r3H1ASDN (nM)8

0.004

0.3

100

15Incubation Time (min)
8 Final concentrations

Analysis of the samples was performed using liquid scintillation spectrometry (LSS). Radiolabel
found in the aqueous fractions represented 3H20 formed.

Results are presented as the activity (velocity) of the enzyme reaction. The amount of estrogen
product formed was determined by dividing the total amount of 3H20 formed by the specific
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activity of the CH1ASDN substrate ~expressed in DPM/nmol). The activity of the enzyme reaction
is expressed in nmol (mg proteinf min-1 and was calculated by dividing the amount of estrogen
formed by the product of mg microsomal protein used times the incubation time (e.g., 15
minutes).

Full Enzyme Activity Control Study

Each study tested the response of aromatase activity to the presence of six concentrations of
4-0H ASDN. This study was conducted in three independent replicates. Each concentration of
4-0H ASDN was run in triplicate tubes in each study. See Table 2 below for the study design.
Full enzyme activity control and background activity samples were included for each study. Full
enzyme activity controls contained substrate, NADPH, propylene glycol, buffer, vehicle (used for
preparation of 4-0H ASDN solutions), and microsomes. Background activity samples contained
all full enzyme activity control assay components except NADPH, and served as assay blanks.
Four full enzyme activity control samples and four background activity samples were included
with each study and were treated the same as the other samples. The control sets were split so
that two tubes (of each full enzyme activity control and background activity samples) were run at
the beginning and two at the end of each study set.

The assay was conducted as described in the Cytochrome P450 Aromatase (CYP19) Activity
section above, with the following modification: 4-0H ASDN solution (or vehicle) was added to the
mixture of propylene glycol, substrate, NADPH, and buffer in a volume not to exceed 20 III prior
to preincubation of that mixture. The volume of buffer used was adjusted so the total incubation
volume remained at 2 mL.

Table 2. Full Enzyme Activity Control Studv Desian
4-0H ASDN 4-0H ASDN

Sample type
Repetitions Description of dilution concentration
(test tubes) assal concentration

(M stock) (M final)

Full Enzyme Activity 4
no 4-0H ASDN,

N/A N/A
Control inhibitor vehicle onlv

Background Activity
no 4-0H ASDN or

4 NADPH, inhibitor N/A N/A
Control vehicle only

4-0H ASDN
3 4-0H ASDN added 1 x 10-4 1 x 10-6

Concentration 1

4-0H ASDN
3 4-0H ASDN added 1 x 10-5 1 x 10-7

Concentration 2

4-0H ASDN
3 4-0H ASDN added 5 x 10-6 5 x 1 0-8

Concentration 3

4-0H ASDN
3 4-0H ASDN added 2.5 x 10-6 2.5 x 10-8

Concentration 4

4-0H ASDN
3 4-0H ASDN added 1 x 10-6 1 x 1 0-8

Concentration 5

4-0H ASDN
3 4-0H ASDN added 1 x 10-7 1 x 10-9

Concentration 6

All assay tubes contain the following unless otherwise stated: buffer, propylene glycol, microsomal
protein, (3HJASDN and NADPH.

3.7 Data Analysis

In Vitro Technologies supplied all raw data to Battelle in electronic format using Excel

spreadsheets and Prism template developed and provided by Battelle.
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3.7.1 Data Analysis and Presentation

The data reported include the following information: assay date and run number, technician,
chemical and log chemical concentration, total DPM-background DPM, and % activity. The
average of the DPM for the background tubes was subtracted from the tubes with Total DPM to
provide DPM for specific aromatase activity. A spreadsheet was developed by the lead
laboratory that was used to process the data into a final form for analysis and evaluation. A
working document detailing the conversion of the data from DPM to nmol, as well as the actual
methods for calculations of the final aromatase activity, was distributed to the laboratories. This
process is briefly summarized below:

The spreadsheet calculated DPM/mL for each aliquot of extracted aqueous incubation mixture
and average DPM/mL and total DPM for each aqueous portion (after extraction). Multiplication of
the volume (mL) of substrate solution added to the incubation by the substrate solution
radiochemical content (DPM/mL) yielded the total DPM present in the assay tube at initiation.
The total DPM remaining in the aqueous portion after extraction divided by the total DPM present
in the assay tube at initiation times 100 yielded the percent of the substrate that was converted to
product. The total DPM remaining in the aqueous portion after extraction was corrected for
background by subtracting the average DPM present in the aqueous portion of the background
activity tubes (for that day/assay). This corrected DPM was converted to nmol product formed by
dividing by the substrate specific activity (DPM/nmol). The activity of the enzyme reaction is
expressed in nmol (mg proteinr1min-1 and was calculated by dividing the amount of estrogen
formed (nmol) by the product of mg microsomal protein used times the incubation time. Average
activity in the full enzyme activity control samples for a given study was calculated. Percent of
control activity remaining in the presence of various inhibitor concentrations was calculated by
dividing the aromatase activity at a given concentration by the average full enzyme activity control
activity and multiplying by 100.

ICso was calculated using GraphPad Prism (Version 4) software to fit the percent of control
activity and log concentration data to a curve using the following equation:

Y :: 100/(1 +1 0((L09IC50.XlHilISIOpe))

Where: X is the logarithm of concentration
Y is the percent activity

The data were formatted as follows:

. One spreadsheet or table displayed the DPM for all assay tubes, calculations of activity
(nmol (mg proteinr1min-1) etc.

. Another table presented the results of the analysis of variability of the assay and
included:

(1) the variation between repetitions within a single replicate of the assay,
(2) the day-to-day (replicate-to-replicate) variation, and
(3) technician variation.

. Graphs of activity versus log chemical concentration

. Table of ICso by date, run, technician, assay method
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3.7.2 Statistical Analysis

Concentration-response curves were fitted to describe trends in the aromatase activity percent of
control responses. Full enzyme activity control and background activity values were compared
across daily replicate tests for the test substance.

The statistical analysis described in this section was carried out by Battelle. The resulting data
were sent to In Vitro Technologies and are included in the final report.

3.7.2.1 Concentration Response Fits for the Test Substance

For the test substance, multiple independent replicates of the concentration response curve fit
were carried out. The number of replicates was three. Full enzyme activity and background
activity control percent activity values were compared across daily replicate tests for the test
substance.

For each replicate, two repeat tubes of the full enzyme activity controls and the background
activity controls were prepared prior to the preparation of the repetitions of the inhibitor
compound, and two repeat tubes of the full enzyme activity controls and the background activity
samples were prepared after the repetitions of the inhibitor compound were prepared. Three
repetitions were prepared for each level of the inhibitor compound (4-0H ASDN).

For each repetition at each level, the Excel database spreadsheet included total DPM per tube
(corrected for background DPM) and total aromatase activity per tube. The aromatase activity
was calculated as the (background corrected) DPM, normalized by the specific activity of the
(3H1ASDN, the mg of protein of the aromatase, and the incubation time. The aromatase activity
was corrected for the background DPM, as measured by the average of the background activity
tubes. Percent activity was the (background corrected) aromatase activity divided by the average
of the aromatase activity in the full enzyme activity control tubes, multiplied by 100. Thus the
average percent activity across the four background activity repeat tubes necessarily equaled 0
within each replicate and the average percent activity across the four full enzyme activity repeat
tubes necessarily equaled 100 within each replicate. The total DPM values were not corrected
for background.

Nominally one might expect for an inhibitor the percent of control activity values to vary between
approximately 0% near the high inhibition concentrations and approximately 100% near the low
inhibition concentrations. However individual experimental percent of control activity values will
sometimes extend below 0% or above 100%.

Concentration response trend curves were fitted to the percent of control activity values within
each of the repeat tubes at each inhibitor concentration. Concentration was expressed on the log
scale. In agreement with past convention, logarithms are common logarithms (i.e., base 10). Let
X denote the logarithm of the concentration of inhibitor compound (e.g., if concentration = 10-5
then X = -5). Let:

Y = percent of control activity in the inhibitor tube
X = logarithm (base 10) of the concentration
DAVG = average DPM across the repeat tubes with the same inhibitor concentration
ß = slope of the concentration response curve (ß will be negative)
f. = log1olC5o (IC5o is the concentration corresponding to percent of control activity equal to

50%).

The following concentration response curve was fitted to relate percent of control activity to
logarithm of concentration within each replicate:

12
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Y = 100/(1 + 1 O(~-X)ßJ + E

where E was the variation among repetitions, distributed with mean 0 and variance proportional to
DAVG (based on Poisson distribution theory for radiation counts). The variance was
approximated by Y. The response curve was fitted by weighted least squares nonlinear
regression analysis with weights equal to 1/Y. Model fits were carried out using Prism softare
(Version 4). Observed individual percent activity values above 100% were set to 99.5%.
Observed individual percent activity values below 0% were set to 0.5%.

The concentration response fits were carried out for each replicate test. Based on the results of
the fit within each replicate, the extent of aromatase inhibition is summarized as ICso (1 O~) and

slope (ß). The estimated ICso for an inhibitor compound was a (weighted) geometric mean across
the replicates. The estimated overall standard error was based on the standard errors within
each replicate and the replicate-to-replicate variability. The average value and standard error of
log10lCso or ß was calculated based on a one-way random effects analysis of variance model fit.

For the test substance and replicate the estimated log1olCso (p), the within replicate standard error
of p, the ICso, the slope (ß), the within replicate standard error of ß, and the "Status" of each
response curve are displayed in a table. The "Status" of each response curve is indicated as:

."C" Complete. i.e., ranging from essentially 0 percent to 100 percent of control.

."11" Incomplete. But can interpolate to log10lCso.

."IX" Incomplete. But must extrapolate to 10g1QICso.

Replicates for which a concentration response curve could not be fitted (and so an ICso could not
be estimated) were referred to as "noninhibitors".

3.7.2.2 Graphical and Analysis of Variance Comparisons among
Concentration Response

Curve Fits

For each replicate, the individual percent of control values was plotted versus logarithm of
inhibitor compound concentration. The fitted concentration response curve was superimposed on
the plot. Individual plots were prepared for each replicate.

Additional plots were prepared to compare the percent of control activity values across replicates.
For each replicate, the average percent of control values was plotted versus logarithm of inhibitor
concentration on the same plot. Plotting symbols distinguish among replicates. The fitted
concentration response curve for each replicate is superimposed on the plot. On a separate plot,
the average percent of control values for each replicate was plotted versus logarithm of inhibitor
compound concentration. The average concentration response curve across replicates is
superimposed on the same plot.

For each replicate treat (ß, p) as a random variable with mean (ßavg, Pavg). Let X and Y
(0 0: Y 0: 100) denote logarithm of concentration and percent of control, as defined above.

The average response curve is:

Yavg = 100/(1 + 10 ßavg(~avg-x)J.

Slope (ß) and log1olCso (p) were also compared across replicates based on random effects
analysis of variance, treating the replicates as random effects. ß and P were estimated,
separately within each replicate, and plotted along with the average across replicates and
associated 95% confidence interval across replicates (including replicate-to-replicate variation).

13



In Vitro Technologies Study No. 270-1132-06

Background and Full Enzyme Activity Control Values Across
Replicates

Within each replicate, quadruplicate repetitions were made of the background activity tubes and
the full enzyme activity control tubes. Half the repetitions were carried out at the beginning of the
replicate and half at the end. If the conditions were constant throughout the replicate test, the
control tubes at the beginning should be equivalent to those at the end. To assess whether this
was the case, the control responses were combined across replicates and expressed as percent
of (full enzyme activity) control activity. The average of the four background activity samples
within a replicate must necessarily be 0 and the average of the four full enzyme activity controls
within a replicate must necessarily be 100. The two beginning controls and the two end controls
were plotted by replicate with plotting symbol distinguishing between beginning and end, and with
reference line 0% (background activity) or 100% (full enzyme activity control), respectively.
These plots display the extent of consistency across replicates with respect to average value and
variability and provide comparisons of beginning versus end of each replicate. Two-way analysis
of variance was carried out, separately for the full enzyme activity control tubes and the
background activity tubes. The factors in the analysis of variance were replicate, portion
(beginning or end), and replicate by portion interaction. The error corresponded to repetition
within replicate and portion. The response was percent of control aromatase activity. If the daily
replicates were similar, the portion main effect and portion by replicate interaction would be
insignificant. Note that the replicate effects were necessarily zero because of the constrained
totals within each replicate. For purposes of evaluation, replicate was treated as a fixed effect. If
portion by replicate interaction was significant, the nature of the effect would be assessed by
comparing the portion effect within each replicate to the portion effect averaged across replicates,
adjusting for simultaneity by Bonferroni's method. The portion effect within each replicate and the
portion effect averaged across replicates, and associated 95% confidence intervals, are
presented graphically.

4.0 Results

Three replicates of the assay were run without incident. No additional replicates were run. In
addition, no samples required reanalysis. Prism and Excel files were populated with results from
the three replicates. Tables 4.3 - 4.6 provide a summary of the data.

4.1 Radiochemical Purity

The measured radiochemical purity of the (3H1ASDN was 97%. The RTI ¡3H1ASDN Purity
Assessment Report is Appendix 6 of this study report.

4.2 Stock Formulation Analysis

The Battelle stock formulation and stability analyses are presented in Appendix 5.

4.3 Protein Analysis

Test Replicate Assay Protein stock Upper/lower Stock soln ID Stock soln
chemicallD Date concentration (test chem.) exp date

(measured)
Microsomes 1 25 January 5.066 mg/mL 0.13-1.5 1132-1719- 13 Jan 2006

2005 mg/mL BSA 14
Microsomes 2 26 January 5.533 mg/mL 0.13-1.5 1132-1721- 13 Jan 2006

2005 mg/mL BSA 14
Microsomes 3 27 January 3.703 mg/mL 0.13-1.5 1132-1723- 13 Jan 2006

2005 ma/mL BSA 14

14
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4.4 Aromatase Activity

Test Replicate Technician FEAC FEAC Standard Overall
Chemical Beginning End Deviation Mean

(nmol/mg/min) (nmol/mg/min) (:tsd)
4-0H

1 TM 0.1824 0.1725 0.0199, 0.1774
ASDN 0.0028 (0.0129)

2 TM 0.1891
0.1699 0.0129, 0.1795

0.00028 (0.0133)

3 TM 0.3081
0.2737 0.0038, 0.2909

0.0085 (0.0206)

4.5 Percent of Control

Test Replicate Log (test Percent of Control Mean
chemical chemical) Tube 1 Tube 2 Tube 3

4-0H 1 -6.00 10.01 9.64 10.28 9.98
ASDN -7.00 49.15 43.37 43.00 45.17

-7.30 62.41 58.89 60.76 60.69
-7.60 72.78 73.45 71.33 72.52
-8.00 87.54 85.00 79.86 84.13
-9.00 99.32 89.32 96.12 94.92

2 -6.00 9.29 9.56 7.93 8.93
-7.00 47.83 45.80 43.98 45.87
-7.30 58.90 56.17 55.44 56.84
-7.60 74.03 71.86 71.14 72.34
-8.00 84.36 82.04 78.26 81.55
-9.00 93.35 87.18 90.58 90.37

3 -6.00 10.01 9.07 8.38 9.15
-7.00 46.65 43.55 43.76 44.65
-7.30 63.64 62.52 60.09 62.08
-7.60 76.92 72.60 74.16 74.56
-8.00 84.67 83.95 92.36 86.99
-9.00 94.33 94.38 97.13 95.28

4.6 ICso

Test Replicate Log(ICso) SE ICso Slope SE slope Status OveralllCso
chemical log(ICso) (M) (:tsd, sem,

%CV)
4-0H 1 -7.055 0.05859 8.809 x 10'1l -0.8874 0.1088 C 8.928 x 10'1l
ASDN 2 -7.016 0.05242 9.634 x 10'1l -0.9125 0.09871 C (6.551 x 10'9,

3 -7.079 0.03434 8.340 x 10'1l -1.033 0.08923 C 3.782 x 10'9,
7.34%)

See Appendix 4 for graphical representations of the data.

4.7 Statistical Analysis

Files were sent to Battelle for analysis. The Statistical report from Battelle is included in this
report as Appendix 7.
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5.0 Discussion and Conclusions

The study goal was to validate a recombinant aromatase assay run with different concentrations
of a known inhibitor (4-0H ASDN). Three replicates of the aromatase assay validation were run.
Each of these replicates contained full enzyme activity control tubes and background activity
control tubes. Half of these controls were run at the beginning of the run, and the other half at the
end. In addition, each replicate contained the aromatase inhibitor 4-0H ASDN at six different
concentrations.

After assay results were obtained, data was incorporated into spreadsheets provided by Battelle,
and Battelle carried out the statistical analysis. The full statistical analysis can be found in
Appendix 7 of this report.

A summary of the results, as described in the statistical analysis in Appendix 7, is included here:

1. The concentration response curves were similar across the three replicates.

2. Replicate 2 had a slightly higher estimated ICso than replicates 1 and 3.

3. For the background activity controls, the measurements at the end were less than those

at the beginning, in replicates 1 and 2. For the full enzyme activity controls the average
percent of control response at the end were lower than at the beginning for all three
replicates.

4. For the background activity controls averaged across replicates there were no significant

differences between the beginning and the end portions. For the full enzyme activity
controls averaged across replicates there was a difference between the beginning and
the end portions. The end was lower than the beginning. The variation of portion (end
vs. beginning) effects among replicates was estimated to be zero.

6.0 References

Endocrine Disruptor Screening Program Qualiy Management Plan, Version 2; Battelle; May 12,
2003.

Technical Work Plan on Recombinant Aromatase Validation Study; EPA Contract Number
68-W-01-023, Work Assignment 4-17; Battelle, September 8,2004.

Food Quality Protection Act of 1996. U.S. Public Law 104-170, 21 U.S.C. 46a(p), Section 408(p),
110 STAT.1489, 1996.
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Objective

The objective of this study is to validate the recombinant aromatase assay with a known
inhibitor. This study is part of a multi-laboratory effort for the validation of the recombinant
aromatase assay. This protocol is specific to the study to be conducted at In Vitro Technologies,
Inc.

Test Article Identification

· 4-hydroxyandrostenedione (4-0H ASDN, molecular weight 302.4 g/mol;
CAS no.: 566-48-3)

Battelle wil provide 4-0H ASDN as a stock solution in ethanoL. Battelle wil be responsible for
the preparation, stability, and analysis of the 4-0H ASDN stock.

Test System Identification

The test system for this study is human recombinant micro somes provided by Battelle.

The route of administration is not applicable since the test system is microsomes. The treatment
method wil be to mix the microsomes, reagents, and test article in a common reaction vessel so
that, microsomal metabolism of androstenedione to estrogen can be used to evaluate enzymatic
activity. Each test tube wil have a unique labeL.

Test System Justification

This test system was selected because it provides a biological source of the aromatase enzyme
and, since the assay is being evaluated for its potential to serve as a screening assay, the use of
recombinant enzyme enhances its availability.

Description of Study

In Vitro Technologies will conduct three separate experiments to evaluate the inhibition of
recombinant aromatase by 4-0H ASDN.
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Experimental Methods

Materials

Battelle wil provide the following materials:

. Recombinant micro somes

. Androstenedione (ASDN)

. 4-0H ASDN

. (lB-3H) androstenedione (eH) ASDN, 25.3 Ci/mmol, 1 mCi/ml)

. B-nicotinamide adenine dinucleotide phosphate, reduced form (NADPH, Sigma,
catalog no. 1630, molecular weight. 833.4 g/mol)

. Ethanol

The following wil be prepared at In Vitro Technologies or wil be supplied by In Vitro
Technologies:

. 0.1 M Phosphate buffer (pH 7.4)

. Propylene glycol (JT Baker, catalog no. 4011-01, molecular weight 137.99 g/mol)

. Liquid scintilation cocktail (Ultima Gold, Packard)

. DC Protein Assay kit (Bio-Rad)

The lot numbers and the purity of the materials received and used in this study wil be included
in the study report.

Assays

Protein Assay

The protein concentration of the microsome preparation wil be determined on each day of use of
the microsomes in the aromatase assay. A six-point standard curve wil be prepared, ranging
from 0.13 to 1.5 mg protein/mL. The protein standards wil be made from bovine serum albumin
(BSA). Protein wil be determined by using a DC Protein Assay kit purchased from Bio-Rad
(Hercules, CA). To a 25 llL aliquot of standard or unkown, 125 llL of 

Bio-Rad DC Protein Kit
Reagent A wil be added and mixed. Bio-Rad DC Protein Kit Reagent B (1 mL) wil be added to
each standard or unkown and the samples wil be mixed. The samples wil be placed at room
temperature for at least 15 minutes to allow for color development. The absorbances are stable
for approximately 1 hour. Each sample (standards and unknowns) will be transferred to
disposable polystyrene cuvettes and the absorbance (750 nm) wil be measured using a
spectrophotometer. The protein concentration of the microsomal sample wil be determined by
extrapolation of the absorbance value using the standard curve developed using the protein
standards.
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Aromatase Assay

The assays will be performed in 13 x 100 mm test tubes maintained at 37:! l°C in a shaking
water bath. Propylene glycol (100 J.L), eH)ASDN, NADPH, and buffer (0.1 M sodium
phosphate buffer, pH 7.4) wil be combined in the test tubes (total volume 1 mL). The final
concentrations for the assay components are presented in Table 1. The tubes and the microsomal
suspension wil be placed at 37:! 1°C in the water bath for 5 minutes prior to initiation of the
assay by the addition of 1 mL of the diluted microsomal suspension. The total assay volume wil
be 2.0 mL, and the tubes wil be incubated for 15 minutes. The incubations wil be stopped by
the addition of2.0 mL of methylene chloride; the tubes wil be vortex-mixed for approximately
5 seconds and placed on ice. The tubes wil be vortex-mixed an additional 20 to 25 seconds.
The tubes wil be spun in a centrifuge for 10 minutes at a setting of 1,000 rpm. The methylene
chloride layer will be removed and discarded; the aqueous layers wil be extracted again with
2 mL of methylene chloride. This extraction procedure wil be repeated once more, each time
discarding the methylene chloride layer. The aqueous layers wil be transferred to vials and
duplicate aliquots (0.5 mL) wil be transferred to 20-mL liquid scintillation counting vials.
Liquid scintillation cocktail (Ultima Gold, Packard, 10 mL) will be added to each counting vial
and shaken to mix the solution. The radiochemical content of each aliquot wil be determined as
described below.

Table 1. Optimized Aromatase Assay Conditions

Microsomal Protein (mg/mLt

NADPH (mMt

eH)ASDN (nMt

Incubation Time (min)
a Final concentrations

0.004

0.3

100

15

Analysis of the samples wil be performed using liquid scintilation spectrometry (LSS).
Radiolabel found in the aqueous fractions represents 3HiO formed.

Results will be presented as the activity (velocity) of the enzyme reaction. The amount of
estrogen product formed wil be determined by dividing the total amount of 3HiO formed by the
specific activity of the eH)ASDN substrate (expressed in DPM/nmol). The activity of the
enzyme reaction wil be expressed in nmol (mg proteinr1min-1 and wil be calculated by dividing
the amount of estrogen formed by the product of mg microsomal protein used times the
incubation time (e.g., 15 minutes).
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Positive Control Study

Each study wil test the response of aromatase activity to the presence of six concentrations of
4-0H ASDN. This study wil be conducted in three independent replicates. Each concentration
of 4-0H ASDN wil be run in triplicate tubes in each study. See Table 2 below for the study
design. Full enzyme activity control and background activity samples will be included for each
study. Full enzyme activity controls wil contain substrate, NADPH, propylene glycol, buffer,
vehicle (used for preparation of 4-0H ASDN solutions), and microsomes. Background activity
samples wil contain all full enzyme activity control assay components except NADPH, and wil
serve as assay blanks. Four full enzyme activity control samples and four background activity
samples wil be included with each study and wil be treated the same as the other samples. The
control sets will be split so that two tubes (of each full enzyme activity control and background
activity samples) will be run at the beginning and two at the end of each study set.

The assay will be conducted as described in the Aromatase Assay section above, with the
following modification: 4-0H ASDN solution (or vehicle) wil be added to the mixture of
propylene glycol, substrate, NADPH, and buffer in a volume not to exceed 20 ¡.L prior to
preincubation of that mixture. The volume of buffer used wil be adjusted so the total incubation
volume remains at 2 mL.

T bl 2 P 't C t i St d D 'a e , OSI ive on ro u v esign
4-0H ASDN 4-0H ASDN

Sample type
Repetitions Description of dilution

concentration
(test tubes) assaya concentration

(M stock) (M final)

Full Enzyme no 4-0H ASDN,
Activity 4 inhibitor vehicle N/A N/A
Control only

Background
no 4-0H ASDN

or NADPH,
Activity 4

inhibitor vehicle
N/A N/A

Control
only

4-0H ASDN 4-0H ASDN
Concentration 3 1 x 10-4 1 x 10-6

1
added

4-0H ASDN 4-0H ASDN
Concentration 3 1 x 10-5 1 x 10-7

2
added

4-0H ASDN
4-0H ASDN

Concentration 3 5 x 10-6 5 x 10-8

3
added

4-0H ASDN 4-0H ASDN
Concentration 3 2.5 x 10-6 2.5 x 10-8

4
added
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4-0H ASDN 4-0H ASDN
Concentration 3 1 x 10-6 I x 10-8

5
added

4-0H ASDN 4-0H ASDN
Concentration 3 I x 10-7 1 x 10-9

6
added

All assay tubes contain the following unless otherwise stated: buffer, propylene glycol, microsomal
protein, (3H)ASDN and NADPH.

Description of Data Calculations

In Vitro Technologies wil supply all raw data to Battelle in electronic format using Excel
spreadsheets and Prism templates (to be developed and provided by Battelle).

Data Analvsis and Presentation

The data to be reported wil include the following information: assay date and run number,
technician, chemical and log chemical concentration, total DPM-background DPM, and
% activity. The average of the DPMs for the background tubes should be subtracted from the
tubes with Total DPM to provide DPM for specific aromatase activity. A spreadsheet wil be
developed by the lead laboratory that will be used to process the data into a final form for
analysis and evaluation. A working document detailing the conversion of the data from DPM to
nmol, as well as the actual methods for calculations of the final aromatase activity, will be
distributed to the laboratories. This process is briefly summarized below.

The spreadsheet calculates DPM/mL for each aliquot of extracted aqueous incubation mixture
and average DPM/mL and total DPM for each aqueous portion (after extraction). Multiplication
of the volume (mL) of substrate solution added to the incubation by the substrate solution
radiochemical content (DPM/mL) wil yield the total DPM present in the assay tube at initiation.
The total DPM remaining in the aqueous portion after extraction divided by the total DPM
present in the assay tube at initiation times i 00 yields the percent of the substrate that was
converted to product. The total DPM remaining in the aqueous portion after extraction is
corrected for background by subtracting the average DPM present in the aqueous portion of the
background activity tubes (for that day/assay). This corrected DPM is converted to nmol product
formed by dividing by the substrate specific activity (DPM/nmol). The activity of the enzyme
reaction is expressed in nmol (mg protein)"lmin-1 and is calculated by dividing'the amount of
estrogen formed (nmol) by the product of mg microsomal protein used times the incubation time.
Average activity in the full enzyme activity (FEAC) control samples for a given study is
calculated. Percent of control activity remaining in the presence of various inhibitor
concentrations is calculated by dividing the aromatase activity at a given concentration by the
average FEAC activity and multiplying by 100.
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ICso will be calculated using GraphPad Prism (Version 3 or higher) software to fit the percent of
control activity and log concentration data to a curve using the following equation:

Y = 100/(1+1 O((LogICso-X)*HilSlope))

Where: X is the logarithm of concentration
Y is the percent activity

The data wil be formatted as follows:

. One spreadsheet or table wil display the DPMs for all assay tubes, calculations of
activity (nmo1 (mg proteinrlmin-l) etc.

. Another table wil present the results of the analysis of variability of the assay and will
include :

(1) the variation between repetitions within a single replicate of 
the assay,

(2) the day-to-day (rep1icate-to-rep1icate) variation, and
(3) technician variation.

. Graphs of activity versus log chemical concentration

. Table of ICso by date, ru, technician, assay method

Statistical Analvsis

Concentration-response curves wil be fitted to describe trends in the aromatase activity percent
of control responses. Full enzyme activity control and background activity values will be
compared across daily replicate tests for each test substance.

The statistical analysis described in this section wil be carried out by Battelle. The resulting
data wil be sent to In Vitro Technologies and wil be included in the final report.

Concentration Response Fits for the Test Substance

For the test substance multiple independent replicates of the concentration response curve fit wil
be carried out. The number of replicates will be three. Full enzyme activity and background
activity control percent activity values wil be compared across daily replicate tests for each test
substance.

For each replicate, two repeat tubes of the FEAC and the background activity controls wil be
prepared prior to the preparation of the repetitions of the inhibitor compound and two repeat
tubes of the FEAC and the background activity samples will be prepared after the repetitions of
the inhibitor compound are prepared. Three repetitions will be prepared for each level of the
inhibitor compound (4-0H ASDN).
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For each repetition at each level, the Excel database spreadsheet wil include total DPM per tube
(corrected for background DPMs) and total aromatase activity per tube. The aromatase activity
is calculated as the (background corrected) DPM, normalized by the specific activity of the
(3HJASDN, the mg of protein of the aromatase, and the incubation time. The aromatase activity
is corrected for the background DPM, as measured by the average of the background activity
tubes. Percent activity is the (background corrected) aromatase activity divided by the average
of the aromatase activity in the full enzyme activity control tubes, multiplied by 100. Thus the
average percent activity across the four background activity repeat tubes must necessarily equal
o within each replicate and the average percent activity across the four full enzyme activity
repeat tubes must necessarily equal 100 within each replicate. The total DPM values are not
corrected for background.

Nominally one might expect for an inhibitor the percent of control activity values to vary
between approximately 0% near the high inhibition concentrations and approximately 100% near
the low inhibition concentrations. However individual experimental percent of control activity
values wil sometimes extend below 0% or above 100%.

Concentration response trend curves wil be fitted to the percent of control activity values within
each of the repeat tubes at each inhibitor concentration. Concentration is expressed on the log
scale. In agreement with past convention, logarithms wil be common logarithms (i.e., base 10).
Let X denote the logarithm of the concentration of inhibitor compound (e.g., if
concentration = 10-5 then X = -5). Let:

Y = percent of control activity in the inhibitor tube
X = logarithm (base 10) of the concentration
DA VG = average DPM across the repeat tubes with the same inhibitor concentration
ß = slope of the concentration response cure (ß wil be negative)

f. = 10gioIC5o (IC50 is the concentration corresponding to percent of control activity equal
to 50%).

The following concentration response curve wil be fitted to relate percent of control
activity to logarithm of concentration within each replicate:

Y = 100/(1 + lO(iI-X)ßJ + E

where E is the variation among repetitions, distributed with mean 0 and variance proportional to
DA VG (based on Poisson distribution theory for radiation counts). The variance is
approximated by Y.

The response curve wil be fitted by weighted least squares nonlinear regression analysis with
weights equal to 1/Y. Model fits wil be carried out using Prism software (Version 3 or higher).
Observed individual percent activity values above 100% wil be set to 99.5%. Observed
individual percent activity values below 0% wil be set to 0.5%.
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The concentration response fits wil be carried out for each replicate test within each test
compound. Based on the results of the fit within each replicate, the extent of aromatase
inhibition wil be summarized as ICso (10 fl) and slope (ß). The estimated ICso for an inhibitor
compound wil be a (weighted) geometric mean across the replicates. The estimated overall
standard error wil be based on the standard errors within each replicate and the replicate-to-
replicate variability. The average value and standard error of 10gioICso or ß can be calculated
based on a one-way random effects analysis of variance model fit.

For each test substance and replicate the estimated 10gioICso Üi), the within replicate standard

error of ¡., the ICso, the slope (ß), the within replicate standard error of ß, and the "Status" of
each response curve will be displayed in a table. The "Status" of each response curve is
indicated as:

."C" Complete. i.e., ranging from essentially 0 percent to 100 percent of control.

."II" Incomplete. But can interpolate to 10gloICso.

."IX" Incomplete. But must extrapolate to 10gloICso.

Replicates for which a concentration response curve cannot be fitted (and so an ICso cannot be
estimated) wil be referred to as "noninhibitors".

Graphical and Analysis of Variance Comparisons among Concentration Response
Curve Fits

For each replicate, the individual percent of control values will be plotted versus logarithm of
inhibitor compound concentration. The fitted concentration response cure will be superimposed
on the plot. Individual plots wil be prepared for each replicate.

Additional plots wil be prepared to compare the percent of control activity values across
replicates. For each replicate, the average percent of control values will be plotted versus
logarithm of inhibitor concentration on the same plot. Plotting symbols wil distinguish among
replicates. The fitted concentration response curve for each replicate wil be superimposed on
the plot. On a separate plot, the average percent of control values for each replicate wil be
plotted versus logarithm of inhibitor compound concentration. The average concentration
response curve across replicates wil be superimposed on the same plot.

For each replicate treat (ß, J.) as a random variable with mean (ßavg, J.avg). Let X and Y (0 .: Y .: i 00)
denote logarithm of concentration and percent of control, as defined above.

The average response curve is:

Yavg = 100/( 1 + 10 ßavg(flavg - X)J.

Slope (ß) and 10gioICso (¡.) wil also be compared across replicates based on random
effects analysis of variance, treating the replicates as random effects. ß and ¡. are estimated,

CONFIDENTIAL MATERIAL
THIS DOCUMENT CONTAINS CONFIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF IN VITRO TECHNOLOGIES,
INC. AND BATTELLE MEMORIAL INSTITUTE.



In Vitro Technologies, Inc. Page 10 of 12 Protocol No. 270-1132-06

separately within each replicate, and plotted along with the average across replicates and
associated 95% confidence interval across replicates (including replicate-to-replicate variation).

Background and Full Enzyme Activity Control Values Across Replicates

Within each replicate, quadruplicate repetitions wil be made of the background activity tubes
and the FEAC tubes. Half the repetitions wil be carried out at the beginning of the replicate and
half at the end. If the conditions are constant throughout the replicate test, then the control tubes
at the beginning should be equivalent to those at the end. To assess whether this is the case, the
control responses wil be combined across replicates and expressed as percent of FEAC activity.
The average of the four background activity samples within a replicate must necessarily be 0 and
the average of the four FEAC within a replicate must necessarily be 100. The two beginning
controls and the two end controls wil be plotted by replicate with plotting symbol distinguishing
between beginning and end, and with reference line 0% (background activity) or 100% (FEAC)
respectively. These plots wil display the extent of consistency across replicates with respect to
average value and variability and wil provide comparisons of beginning versus end of each
replicate.

Two-way analysis of variance wil be carried out, separately for the FEAC tubes and the
background activity tubes. The factors in the analysis of variance wil be replicate, portion
(beginning or end), and replicate by portion interaction. The error corresponds to repetition
within replicate and portion. The response wil be percent of control aromatase activity. If the
daily replicates are in control, the portion main effect and portion by replicate interaction should
be insignificant. Note that the replicate effects wil necessarily be zero because of the
constrained totals within each replicate. For purposes of evaluation, replicate wil be treated as a
fixed effect. If portion by replicate interaction is significant, the natue of the effect will be
assessed by comparing the portion effect within each replicate to the portion effect averaged
across replicates, adjusting for simultaneity by Bonferroni's method. The portion effect within
each replicate and the portion effect averaged across replicates, and associated 95% confidence
intervals, wil be presented graphically.

Reporting of Ambiguities

Ambiguities or unclear directions in the written protocol and a list of all problems which are
encountered wil be reported to Battelle.

Criteria for Data Acceptance

The purpose of this study is to develop criteria for data acceptance.
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Study Report

At completion of Task 3, tabular and graphical summaries of data wil be prepared using the
Excel spreadsheet and Prism document templates provided by Battelle. These electronic fies
wil be submitted to Battelle within 7 days after completion of the task, data to be reported wil
include the following information: assay date and run number, technician, chemical and log

chemical concentration, total DPM-background DPM, and % activity.

Data Retention

In Vitro Technologies wil retain all supporting documentation, including raw data and written
records, for a period of up to five years following issuance of the final report. At the end of this
period, Battelle wil be notified to determine whether the data (excluding proprietary

information) wil be transferred, retained, or destroyed.

Study records to be maintained wil include:

. All records that document the conduct of the laboratory experiments and results obtained,

as well as the equipment and chemicals used.

. Protocol and any amendments

. List of any protocol deviations

. List of standard operating procedures

. Quality Assurance Project Plan (QAPP) and any amendments

. List of any QAPP deviations

CONFIDENTIAL MATERIAL
THIS DOCUMENT CONTAINS CONFIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF IN VITRO TECHNOLoails,
INe. AND BATTELLE MEMORIAL INSTITUTE.



In Vitro Technologies, Inc. Page 12 of 12 Protocol No. 270-1132-06

Protocol Approval

This protocol has been reviewed and approved by the following:

Sponsor Representatives

David P. Houchens, Ph.D.
Program Manager
Endocrie Disruptor
Screening Program
Battelle Memorial Institute

siÆfI~ l!~r
JenyD.Johnson,Ph.D. (\1~.D 8)~-v
Work Assignent Leader '~~ture .
Endocnne Disruptor
Screening Program
Battelle Memonal Institute

/- J. c.-05
Date

Study Director

The study wil be conducted to the stadards of U.S. FDA 21 CFR Part 58. The study wil be
conducted under my scientific guidance and management. I have reviewed the procedures
outlined in this protocol.

Neil S. Jensen, Ph.D.
Study Director

In Vitro Technologies ~ ;¡s;r/J~oos-
Date

Review

Terr L. Pollock, B.A.
Quality Assurance Manager
Battelle Memorial Institute

rL dZPoLlocl
Signatue

I-.)lt-OS
Date

Sharon Isbell
Director, Quality Systems
In Vitro Technologies

~ c9jM ~oo:r
Date
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4.0 PROJECT ORGANIZATION

The U.S. Environmental Protection Agency (EPA) is implementing the Endocrine
Disruptor Screening Program (EDSP). To support this program, the EP A has contracted with
Battelle to provide comprehensive toxicological and ecotoxicological testing services, including
chemical, analytical, statistical, and quality assurance (QA)/quality control (Qc) support, to
assist EP A in developing, standardizing, and validating a suite of in vitro, mammalian, and
ecotoxicological screens and tests for identifying and characterizing endocrine effects through
exposure to pesticides, industrial chemicals, and environmental contaminants. The studies
conducted wil be used to develop, standardize and validate methods, prepare appropriate
guidance documents for peer review of the methods, and develop technical guidance and test
guidelines in support of the Office of Prevention, Pesticides and Toxic Substances regulatory
programs. The validation studies wil be conducted under the EDSP Quality Management Plan
(QMP), study protocols, applicable Quality Assurance Project Plans (QAPPs), relevant program
and facility Standard Operating Procedures (SOPs), guidance documents, and Federal
Insecticide, Fungicide and Rodenticide Act (FIFRA) Good Laboratory Practice Standards
(GLPs).

One of the assays recommended for validation and consideration for inclusion in the
screening program is the aromatase assay. A Detailed Review Paper (DRP) was prepared for the
U.S. EPA in 2002 to review the scientific basis of the aromatase assay and examine assays
reported in the literature used to measure the effect of chemical substances on aromatase.

Prevalidation studies on the aromatase assay (Work Assignment (W A) 2-24) were
conducted to optimize the microsomal aromatase assay protocol for recombinant microsomes,
demonstrate the utility of the microsomal assay to detect known aromatase inhibitors, and
compare the performance of the recombinant assay system and the placental microsomal assays.
Concerns with this initial work involving high variability in some runs and partial inhibition
curves were addressed in a supplemental prevalidation study (W A 4-10).

The objectives of this work assignment are to use the now optimized assay: (1) to obtain
intra- and interlaboratory assay variability estimates by conducting positive control experiments
at multiple laboratories, and (2) to test up to 10 reference chemicals with different modes of
action in order to test assay relevance.

This work assignment is composed of multiple studies that are to be conducted by the
lead laboratory (Research Triangle Institute International (RTI), Research Triangle Park, NC)
and three participating laboratories (Battelle, Columbus, OR; In Vitro Technologies, Baltimore,
MD; WIL Research Laboratories, LLC, Ashland, OR). This QAPP wil address the work to be
conducted in Tasks 3 and 4 of the work assignment.

A summary of the work assignment organization is shown in Figure 4-1.
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Portions of this work assignment will be managed at RTI, Battelle, WIL, and In Vitro.
At each of these laboratories, there wil be a person responsible for preparing the protocol,
assigning appropriate staff to complete specified tasks within the protocol, and monitoring the
progress of both technical and fiscal milestones as outlined in the technical work plan. A study
director from each laboratory will report on the progress of the work assignment to Drs. David
Houchens and Jerry D. Johnson at Battelle through a series of planned conference calls and
through the use of written monthly reports.

General scientific direction and supervision of the work performed under this work
assignment is provided by Dr. Jerry D. Johnson, Battelle and Dr. James Mathews, RTI
International. Dr. Johnson wil serve as the Work Assignment Leader (W AL) for the
participating laboratories andDr. Mathews for the lead laboratory (RTI).

Each laboratory will have a study director in charge of overseeing the daily operation and
conduct of the study. The individual laboratory teams will execute the necessary tasks required
in the study protocols and ensure the data are collected and handled appropriately. All of these
tasks are clearly defined in the study protocol.

The QAU representative for each laboratory will administer the QAPP for the EDSP
facility QA team members. The specific responsibilities include:

· Interact with the Study Director to ensure that QA and QC procedures are understood
by W A personneL.

· Conduct technical systems audits (TSAs) and audits of data quality (ADQs) to
evaluate the implementation of the program WAs with respect to the EDSP QMP, the
W A QAPPs and/or GLP protocol, and applicable program and facility SOPs.

· Prepare and track reports of deficiencies and submit them to both line and program
management.

· Consult with the W AL/Study Director and, as necessary, the EDSP Battelle QA
Manager and Program Manager on actions required to correct deficiencies noted
during the conduct of the W A.

· Ensure that all data produced as part of the EDSP WAs are maintained in a secure,
environmentally-protected archive.

· Ensure, during the conduct of TSAs, that all staff participating on the EDSP are
adequately trained.

· Maintain complete facility-specific QA records related to the program.
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· Submit copies of resolved audits to the EDSP Battelle QA Manager.

· Submit a QA Statement to the EDSP Battelle QA Manager and Program Manager
with each written deliverable that describes the audit and review activities completed
and any outstanding issues that could affect data quality or interpretation of the results
discussed in the report.

· Maintain effective communication with the EDSP QA Manager.

· Act as the facility's EDSP SOP Custodian for all SOPs received from the SOP
Administrator.

As EDSP manager, Dr. David Houchens wil have ultimate responsibility for quality,
timeliness, and budget adherence for all activities on the contract. He also will serve as the
principal interface with the EPA's project offcer on all contract-level administrative and
technical issues. Because of the high level of subcontracting and purchases required by the
program, such as test laboratory subcontracts and purchases of chemical supplies, Dr. Houchens
wil be assisted by an administrative deputy manager, Mr. James Easley. Mr. Easley wil
manage the procurement of all subcontracts, consultants, and purchased materials and services,
and will facilitate schedule and cost control. He has played a similar role on ten other large,
multi-year, level-of-effort task-order contracts for EPA. Thus, he will be able to assure that all
purchases are compliant with government regulations and that EP A is provided timely, accurate
accounting of these substantial costs in our monthly progress reports.

Ms. Terri Pollock, the EDSP QA manager at Battelle, wil direct a team ofQA
specialists to monitor the technical activities on the chemical repository program, and provide
oversight to all associated QA functions. Ms. Pollock will be responsible for reporting
her findings and any quality concerns to Dr. Houchens. Ms. Pollock reports, for the purposes of
this program, to Dr. Allen W. Singer, Director of Operations in the Toxicology Product Line in
Battelle's Health and Life Sciences Division. This reporting relationship assures that the QA
function is independent of the technical activities on the program.

5.0 PROBLEM DEFINITION/BACKGROUND

5.1 Problem Definition

Prevalidation studies on the recombinant aromatase assay (W A 2-24) were conducted to
optimize the microsomal aromatase assay protocol for recombinant microsomes, demonstrate the
utility of the microsomal assay to detect known aromatase inhibitors, and compare the
performance of the recombinant assay system and the human placental microsomal assay system.
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Concerns with this initial work involving high variability in some runs and partial inhibition
curves were addressed in a supplemental prevalidation study (W A 4-10).

With the prevalidation studies successfully completed, this work assignment directs
Battelle to conduct the interlaboratory studies to determine the performance of several
laboratories in conducting the assay and should complete the validation of the recombinant
aromatase assay. A companion work assignment (W A 4-16) has been issued for the conduct of
the human placental aromatase assay validation.

The work assignment is comprised of 6 tasks of which two tasks involve
experimentation. Only the work in Task 3 is subject to this QAPP. Table 1 summarizes the
validation tasks and the laboratory(ies) involved for each experimental task.

Table 1. WA 4-17 Tasks

Not applicable (Develop work plan, study plan, and
identify/select participating laboratories)

Not an experimental task

2

3

Not applicable (Develop QAPP and protocols)

Conduct Positive Control Studies in the Participating
Laboratories

Not an experimental task

3 Participating Laboratories

Conduct Multiple Chemical Studies with Microsomes
Supplied by RTI

(RTI/Participating Laboratories)

Prepare Study Reports (RTI/Participating
Laboratories)

6 Prepare Presentation for EDMVAC

EDMVAC = Endocrine Disruptor Method Validation Committee

4 Lead Laboratory + 3 Participating
Laboratories

5 Not an experimental task

Not an experimental task

5.2 Backqround

The Food Quality Protection Act of 1996 was enacted by Congress to authorize the EP A
to implement a screening program on pesticides and other chemicals found in food or water
sources for endocrine effects in humans. Thus, the U.S. EPA is implementing an EDSP. In this
program, comprehensive toxicological and ecotoxicological screens and tests are being
developed for identifying and characterizing the endocrine effects of various environmental
contaminants, industrial chemicals, and pesticides. The program's aim is to develop a two-tiered
approach, e.g., a combination of in vitro and in vivo mammalian and ecotoxicological screens
(Tier 1) and a set of in vivo tests (Tier 2) for identifying and characterizing endocrine effects of
pesticides, industral chemicals, and environmental contaminants. Validation of the individual
screens and tests is required, and the EDMV AC will provide advice and counsel on the
validation assays.



Endocrine Disruptor Screening Program QAPP
Recombinant Aromatase Validation Study

Version 1

December 2004
Page 11 of 24

Estrogens are sex steroid hormones that are necessary for female reproduction and affect
the development of secondary sex characteristics of females. Estrogens are biosynthesized from
cholesterol by a series of enzymatic steps, with the last step involving the conversion of
androgens into estrogens by the enzyme aromatase. Estrogen biosynthesis occurs primarily in
the ovary in mature, premenopausal women. During pregnancy, the placenta is the main source
of estrogen biosynthesis and pathways for production change. Small amounts of these hormones
are also synthesized by the testes in the male and by the adrenal cortex, the hypothalamus, and
the anterior pituitary in both sexes. The major source of estrogens in both postmenopausal
women and men occurs in extraglandular sites, particularly in adipose tissue. One potential
endocrine target for environmental chemicals is the enzyme aromatase, which catalyzes the
biosynthesis of estrogens. An aromatase assay is proposed as one of the Tier 1 Screening Battery
Alternate Methods. A detailed literature review on aromatase was performed and encompassed
(1) searching the literature databases, (2) contacting individuals to obtain information on
unpublished research, and (3) evaluating the literature and personal communications.

Aromatase is a cytochrome P450 enzyme complex responsible for estrogen biosynthesis
and converts androgens, such as testosterone and androstenedione, into the estrogens estradiol
and estrone. Aromatase is present in the ovary, placenta, uterus, testis, brain, and extraglandular
adipose tissues. Two proteins, cytochrome P450arom and NADPH-cytochrome P450 reductase,
are necessary for enzymatic activity, and the enzyme complex is localized in the smooth
endoplasmic reticulum. The aromatase gene, designated CYP19, encodes the cytochrome
P450arom and consists of 10 exons, with the exact size of the gene exceeding 70 kilobases.
Aromatase is found in breast tissue, and the importance of intratumoral aromatase and local
estrogen production is being unraveled. Effective aromatase inhibitors have been developed as
therapeutic agents for estrogen-dependent breast cancer to reduce the growth stimulatory effects
of estrogens in breast cancer. Investigations on the development of aromatase inhibitors began
in the 1970's and have expanded greatly in the past three decades.

An in vitro aromatase assay could easily be utilized as an alternative screening method in
the Tier 1 Screening Battery to assess the potential effects of various environmental toxicants on
aromatase activity. Both in vitro subcellular (microsomal) assays and cell-based assays are
available for measuring aromatase activity. The in vitro subcellular assay using human placental
microsomes, is commonly used to evaluate the ability of pharmaceuticals and environmental
chemicals to inhibit aromatase activity. In addition, human JEG-3 and JAR choriocarcinoma cell
culture lines, originally isolated from cytotrophoblasts of malignant placental tissues, have been
used as in vitro systems for measuring the effects of compounds on aromatase activity. These
cell lines are also utilized for investigations on the effects of agents in placental toxicology.

Numerous flavonoids and related phytoestrogen derivatives have been extensively
evaluated for their ability to inhibit aromatase activity for two primary reasons: (1) these natural
plant products can serve as possible leads for the development of new nonsteroidal aromatase
inhibitors; and (2) humans and other animals are exposed to these agents through the diet. In
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general, the flavonoids and related analogs demonstrate aromatase inhibition with ICso values in
the micromolar range; however, these compounds lack both the potency and specificity of
aromatase inhibitors developed for breast cancer therapy. Several pesticides have also
demonstrated inhibition of aromatase activity in the human placental microsomal assay system,
with ICso values for aromatase inhibition ranging from 0.04 /lM to greater than 50 /lM.

The recombinant microsomal aromatase assay was recommended as the in vitro
aromatase screening assay to be included in the Tier 1 Screening Battery. This assay wil detect

environmental toxicants that possess the ability to inhibit aromatase activity. Prevalidation
studies on recombinant aromatase (W A 2-24) were conducted to optimize the microsomal
aromatase assay protocol, demonstrate the utility of the microsomal assay to detect known
aromatase inhibitors, and compare the performance of a recombinant assay system and the
human placental microsomal assays. Concerns with this initial work involving high variability
in some runs and partial inhibition curves were addressed in a supplemental prevalidation study
(WA 4-10). The objective of the current work assignment is to use the now optimized assay to
obtain intra- and interlaboratory assay variability estimates to complete the validation of the
recombinant microsome aromatase assay.

6.0 PROJECT IT ASK DESCRIPTION

Only Task 3 is under the control by this QAPP. However, this QAPP also addresses the
other task in this work assignment and will be reissued prior to the start of the other task
together with a finalized task-specific protocol included as an attachment. The Task 3 protocol
is attached to the present QAPP. The task numbering scheme for the original work assignment is
employed in this document for ease of cross-referencing.

Task 3: Conduct of the Positive Control Studies in the Participatinq Laboratories

This Task will be completed by staff at Battelle, WIL and In Vitro. RTI staff will not
conduct any experiments on this task but will be involved in the review of the data produced by
the other laboratories. RTI wil provide recombinant micro somes to the other laboratories for
use in this task. Battelle/RTI will provide a boilerplate protocol for this Task to the participating
laboratories which they wil use to prepare their laboratory-specific protocols. These protocols
will contain all necessary technical detail for the conduct of this Task. Briefly, the Task requires
that each laboratory conduct three independent replicates of a Positive Control Study. In this
Study, 4-0H androstenedione (4-0H ASDN, a known aromatase inhibitor) is tested in the
aromatase assay at 6 concentrations to construct a dose/response curve from which an ICso may
be calculated. Control runs are also included in the assay set to measure full aromatase activity
(without any inhibitor added) and background activity (without NADPH co-factor). Battelle's
Chemical Repository (CR) will supply 4-0H ASDN to each laboratory as a stock solution and
wil conduct all necessary pre-assay chemistr activities for 4-0H ASDN.
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Each laboratory wil present their results in a separate spreadsheet for each of the three
replicates and the results will be compared both within and between laboratories.

Task 4: Conduct Studies on Reference Chemicals

Each participating laboratory wil conduct the studies in this task with recombinant
microsomes supplied by RTI.

RTI/Battelle will supply a template protocol describing all technical details for this task
to the participating laboratories from which they will prepare their laboratory-specific protocols.
Each laboratory wil conduct three independent replicate studies with each of 10 chemicals. All
three replicates for a given chemical must be conducted by the same technician within a
laboratory. Control runs are also included in each assay set to measure full aromatase activity
(without any inhibitor added) and background activity (without NADPH co-factor). Battelle's
CR wil supply the test chemicals to each laboratory as individual stock solutions and will
conduct all necessary pre-assay chemistr activities for the test chemicals.

7.0 QUALITY OBJECTIVES AND CRITERIA

The endpoints for W A 4-17 include the aromatase activity measured in the control and
inhibitor samples, the inter- and intralaboratory variance, and the ICso and slope values for each

inhibitor tested.

7.1 Data Qualiv Indicators

7.1.1 Precision

The mean positive control activity for each assay/laboratory should be within the overall
mean:l 15% for that laboratory.

Variance between laboratories and within laboratories will be assessed for an appropriate
level of precision as part of this W A. It is anticipated that positive control activity between and
within laboratories should be statistically equivalent at the p:? 0.1 leveL. Any modifications to
this criterion would be discussed with the sponsor and added to the QAPP by amendment.

ICso and slope values calculated for each inhibitor should be statistically equivalent at the
p:?O.llevel both between and within laboratories. If data from an assay are statistical outliers,
the assay may be repeated.
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7.1.2 Bias

The positive and background activity samples that are run with each assay are used to
control for bias. If the control samples for any assay do not meet the precision criteria described
above, the assay may be rerun.

7.1.3 Accuracy

Accuracy of the liquid scintilation spectrometry (LSS) data (from which is derived the
aromatase activity) wil be assessed by analysis of a sealed standard of known radioactive
content. If the radioactivity in the sealed standard is more than 5% different from the known
value, the data wil not be used. Samples may be recounted on another LSS or on the same LSS
after any problems with the instrument are corrected.

8.0 SPECIAL TRAINING/CERTIFICATION

All personnel involved in handling radio labeled materials will have completed a
Radiation Safety Training course. Training documentation will be maintained in the individual
training files. Each laboratory wil be licensed to receive radiolabeled materials.

Staff from the participating laboratories will be trained on the performance of the
aromatase assay at RTI International as part of Task 3 ofW A 4-16. Personnel participating in
this training wil conduct the aromatase assay including positive control and background activity
samples and a series of samples containing varying amounts of a known aromatase inhibitor (4-
OH ASDN). The resultant data wil be evaluated by Battelle and RTI International and then
submitted to EP A for review.

9.0 DOCUMENTS AND RECORDS

9.1 Retention of Specimens and Records

Archiving procedures will be specified in the individual protocols.

9.2 Qualitv Assurance Proiect Plan

This QAPP wil be distrbuted to project participants initially, and whenever revised.
Previous versions wil be marked as "obsolete" when newer versions are distrbuted, or collected
and destroyed so that there is no confusion regarding the version in effect. The right-justified
document control header example shown here

Version 1
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is used to ensure that revision numbers and dates are obvious to document users. The QAPP will
be reviewed annually and a determination made to either modify the document based on new or
modified project requirements, or leave as is.

Controlled copies of the QAPP will be maintained, tracked, and managed by the
laboratories' QAU through the use of a master distribution list.

9.3 Data Forms

All data forms wil include a title identifying the type of data to be recorded, a unique
study code or protocol number, and the initials and date of the data recorder(s) to authenticate
the records.

Corrections to data entries will be made by drawing a single line through the error,
recording the correct entry, initials, date, and error code that explains the reason for the
correction.

9.4 Microsome Storage Conditions

Microsomes must be stored at-70 to -80°C and the freezer temperature records must be
maintained.

9.5 Reports

9.5.1 Interim Data Summary, and Draft and Final Reports

An interim data summary from each laboratory will be submitted to the EP A after
completion of each task. These data summaries wil not be audited by Quality Assurance but
will be checked for accuracy by technical staff. This procedure is necessary to provide a rapid
turn around of the data so that approval to proceed can be given by EP A.

Each laboratory wil prepare an individual report for each task to be based on a template
provided by Battelle and will submit these reports to Battelle. The purpose of these reports is to
provide a complete description about how the experiments were performed, present the results
that were obtained (including tables and graphs), and state the conclusions that were made for
each applicable W A tasks. RTI/Battelle will prepare a report for each task that summarizes all
work on the particular task and incorporates the reports from the participating laboratories as
Appendices for submission to EP A. After EP A comments have been received on each task
report and, if applicable, they wil be incorporated into a new version of the draft task report,

then it wil be issued as a final report.
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Each final task report wil include:

· Abstract

· Objectives

· Materials and Methods

· Results

· Discussion

· Conclusions

· References

· Summary data with statistical analyses
. Appendices which will include final reports with compliance statements for each

participating laboratory
. Protocol, any amendments, or any deviations from the protocol

· QAPP, any amendments, or any deviations from the QAPP.

RTI/Battelle wil prepare a final Work Assignment report that summarizes the results of
the entire Work Assignment. This report will consist of a statement of the objectives of the work
assignment, a summary of the results and a statement of conclusions for the Work Assignment.
The individual task reports wil be referenced within this final report.

9.5.2 QA Assessment Reports

QA assessment reports are maintained as confidential fies in the QAU

9.5.3 Status Reports

Status/progress reports will be submitted to the EP A Proj ect Offcer by Battelle on a
monthly basis as stipulated in the contract.

10.0 SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN)

The details of the experimental design for each task subject to this QAPP will be
contained in GLP compliant protocols. A template protocol for Task 3 is attached as an
Appendix.

11.0 SAMPLING METHODS

The entire aqueous portion of the incubation mixtures remaining after extraction with
methylene chloride (CH2C12) will be placed in appropriate containers for freezing. The samples
wil be mixed well prior to the removal of aliquots for liquid scintilation counting (LSe). If
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there is insufficient time for preparing LSC samples on the day the assay is run, the samples will
be refrigerated overnight, otherwise the samples should be frozen and stored at about -20°C.

Endocrine Disruptor Screening Program OAPP
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Each test chemical wil be supplied to the participating laboratories by Battelle as a stock
solution at the highest concentration necessary for use in the assay. These solutions wil be well-
mixed prior to the preparation of dilutions of these stock solutions by the individual participating
laboratories.

12.0 SAMPLE HANDLING AND CUSTODY

12.1 Test Chemical Solutions

The test chemical stock solutions wil be transferred to the Laboratories' Material
Handling Facility with a study specific transfer of material form. The samples wil be processed
according to the SOPs for packing, shipment and documentation of shipment and receipt.

12.2 Sample Collection Documentation

All samples (or sample sets) wil be labeled with enough information to allow for
unequivocal identification of each sample along with suitable storage conditions in accordance
with applicable regulations.

13.0 ANALYTICAL METHODS

Analytical methods are described in the study protocol (Appendix). Failures of analytical
systems are addressed in the relevant SOPs.

14.0 QUALITY CONTROL

14.1 Methods

Control samples (positive and negative) are run with each assay. Acceptance criteria and
corrective actions where acceptance criteria are not met are described in Section 7. Replicates
are used as a means to monitor variability of the assay. Replicates wil be assessed for variance

and those that are outside the acceptable range (mean:: 15%) will be flagged as statistical
outliers.

14.2 Data Collection

Data collection documentation wil be as described in applicable SOPs.
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Assay data, including weights and/or volumes of chemicals, solvents or other materials
used to prepare necessary solutions or samples, wil be recorded manually on data sheets.
Protein assay absorbance data may also be recorded manually on data sheets. All data sheets
include a title identifying the tye of data to be recorded, the unique study code or protocol
number, and the initials and date of the data recorder(s) to authenticate the records.

Endocrine Disruptor Screening Program OAPP
Recombinant Aromatase Validation Study

Scintillation counter data will be automatically saved to a data fie that will automatically
be assigned a unique filename. The data must be annotated to identify samples with the
sequential vial number. Procedures for converting CPM data to DPM data must be documented.

Relevant data from the data sheets and scintilation counter output (as DPM) will be
tyed into a validated MS Excel spreadsheet for calculation of 1) substrate specific activity 2)
protein content and/or 3) aromatase activity. All transcribed data wil be verified (100% Qc)
before they are reported and this QC check wil be documented on the spreadsheet printouts by
technician initials and date.

Aromatase activity data will be entered manually into Prism data files for calculation of
ICsoand undergo a 100% QC check. Data wil be entered automatically (through linked
validated spreadsheets) or manually into spreadsheets for import into SAS data files for
statistical analysis. All manually entered data wil undergo a 100% QC check.

15.0 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE

The following tyes of equipment are required for this W A: temperature controlled
shaking water bath, pH meter, analytical balances, centrifuges (low and high speed and
ultracentrifuges), pipettors, scintilation counters, spectrophotometer, and high performance
liquid chromatography (HPLC) equipment (injector, pumps, detectors (radiochemical and
ultraviolet tUVj), data collection system). The equipment will be tested, inspected and
maintained according to schedules contained in the relevant SOPs.

16.0 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

Balances used to obtain weight measurements, as well as the check weights that are used
to verify a balance's calibration status wil be calibrated and maintained according to the
schedule specified in relevant SOPs. Balances that do not meet the criteria specified in the SOP
wil not be used for this work assignment.

Scintilation Counters wil be calibrated using procedures described in the relevant SOPs.

Calibration of pH meters occurs as specified in relevant SOPs. The water bath, pipettes,
spectrophotometer, and HPLC equipment are calibrated using the procedures and schedule in
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applicable SOPs. Any equipment or instrment that does not meet acceptance criteria as
described in the relevant SOP will not be used for this work assignment.
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17.0 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Upon receipt, purchased items must be inspected for conformance to quality
requirements prior to use. All use of the product must be prior to the expiration dates, if
applicable. Chemicals are received and stored in accordance with applicable SOPs.

18.0 NON-DIRECT MEASUREMENTS

No collection of any samples or sample data will be obtained from non-direct measures
such as computer data bases or programs.

19.0 DATA MANAGEMENT

19.1 Data Manaaement Overview

Data will be maintained in notebooks and/or fies according to applicable facility SOPs.
The records will be kept in the appropriate rooms until there is a signed final report at which
time they will be inventoried and placed in the facility archives according to applicable facility
SOPs, unless the sponsor requests that they be transferred to another archive location.

19.2 Data Transfer

Information wil be sent to the Data Coordination Center in electronic format as specified
in SOP EDSP.D-003-0L. Specifically all raw data, all tables, graphs summarizing results of
statistical analyses as presented in study reports, statistical analysis data files, statistical analysis
programs, and all study documents wil be sent to the EDSP Data Coordination Center in
electronic format.

20.0 ASSESSMENTS AND RESPONSE ACTIONS

EDSP QA team members will perform assessments on W A activities and operations
affecting data quality and the raw data and final report. They will report any findings to the W A
Leader/Study Director and management to ensure that the requirements in relevant SOPs, study
protocols and W A QAPP, the QMP, and the FIFRA GLPs are met. The assessments for this
study include TSAs and ADQs. Performance Evaluations do not apply to this QAPP.
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20.1 Technical Systems Audits

A TSA is a process by which the quality of a study is assessed through evaluating a study
activity's conformance with the protocols, applicable facility or program SOPs, QAPP, QMP,
and GLPs. The acceptance criteria are that W A activities and operations must meet the
requirements of these planning documents and the GLPs or be explained and evaluated in a
deviation report. Deviations from the GLPs, QAPP, protocol, or SOPs will be properly
documented and assessed by management and the study director as to their impact on the study.

20.2 Tvpe. Scheduling. and Performance of Technical Systems Audits

The following paragraphs provide an example of how the laboratories may perform
technical system audits.

Prior to the experimental start, the facility QA Team Member wil convey a list of
inspections targeted for the study to the study director. Whenever possible, TSAs should be
done at the commencement of the W A critical phase to ensure W A integrity based on
compliance with the protocol, QAPP, SOPs, and GLPs. Critical phases targeted for TSAs
include, but are not limited to:

· Protocol review

· Placental collection and microsome preparation

· Aromatase assay sample preparation and analysis.

During the TSA, EDSP QA team members will record observations to be used later in
preparing the audit report. EDSP QA team members will observe the procedure, data recording,
and any equipment maintenance and calibration procedures and/or documentation, noting
whether or not the activities adhered to the study protocols and QAPP, applicable SOPs, QMP,
and the GLPs. Any findings will be communicated to the technical personnel at the completion
of the procedure unless an error could compromise the study (e.g., misdiluting the stock
solution). EDSP QA team members immediately notify the Study Director by telephone and/or
e-mail of any adverse findings that could impact the conduct of the study. This direct
communication will be also documented in the audit report.

20.3 Audits of Data Quality

An ADQ is a process by which the accuracy of data calculations and reporting is assessed
to ensure that the reported results are of high quality and accurately reflect the raw data and
accurately describe the materials used in the study. The acceptance criteria for the ADQ are that
data collection, analysis, and reporting must meet the requirements of the applicable facility and
program SOPs, the W A protocols and QAPP, QMP, and the FIFRA GLPs, or be explained and
evaluated in a deviation report, as previously described.
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20.4 SchedulinQ and Performance of Audits of Data Qualitv

Direct and frequent communication between the W A Leader/Study Director, laboratory
supervisor, and the QA Manager wil provide for sufficient time to perform an ADQ so that the
submission date of the draft final report meets that specified in the study protocol. The
scheduling process should also allow for a reasonable amount of time for corrections and
subsequent verification of the corrections by QA.

EDSP QA team members wil audit the study records at a frequency adequate to ensure
that approved protocol requirements are met. The frequency required is specified by the type of
data in the QMP, Section 2.4.1. Findings will be reported and corrective actions undertaken as
described earlier. EDSP QA team members review the final report using the audited data and
corrected tables. The report text will be reviewed to ensure that every statement is supported by
the data and any discussions or conclusions drawn from the study are supported by the data.
Findings will then be reported and corrective actions undertaken as described earlier.

20.5 Audit Report Format

The following paragraphs provide an example of how the laboratories may format an audit
report.

The audit report consists of a cover page for study information and additional page( s) with
the audit findings. All pages have header information containing the study protocol number, audit
report date, and audit type. The audit report date is the date on which the EDSP QA team
member signs the audit report and sends it to the Study Director and management.

The cover page contains the study protocol title, number, and code; Sponsor; Study
Director; audit type; audit date(s); EDSP QA team member; distribution list; the dated signature
of the auditor; the date that the Study Director received the audit report; and the dated signatures
of the Study Director and management. The distrbution list may include additional names for
individuals who have findings pertaining to their area ofresponsibility (e.g., the ARF Manager
would address a finding pertaining to the ARF) and is used to ensure that the report is sent to all
who need to respond. Subsequent page(s) contain the audit finding(s), any recommended
remedial actions, and space for the Study Director to respond to the findings and document
remedial actions taken or to be taken.

20.6 Response Actions and Resolution of Issues

The Study Director wil respond to the TSA report within a specified number of working
days of receipt of the report as required by the laboratory's SOPs. There is no deadline for the
Study Director's response to an ADQ report except for the time constraint deriving from the
submission date of the final W A report. The /Study Director forwards the audit report to
management for review. Management adds comments as necessary, signs and dates the report
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and returns it to the EDSP QA team member. The EDSP QA team member assesses the
responses and verifies the corrective actions. If a disagreement between the Study Director and
EDSP QA team member arises over a finding, it wil be discussed among the other EDSP QA
team members. The EDSP QA team member wil then present the majority opinion to the Study
Director for further consideration. If the disagreement remains, the issue wil be reported to the
Study Director's management. The action decided on by management wil be documented in the
QA fies.
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During an assessment, if the auditor determines that adverse health effects could result or
W A objectives of acceptable quality cannot be achieved, the auditor follows the Stop Work
Procedure specified in the EDSP QMP (Section 3.3).

20.7 Independent Assessments

The EDSP Battelle QA Mamager (QAM), or designee, may conduct an independent TSA
and ADQ during the conduct of this work assignment. Typically one independent audit may be
conducted during the work assignment. If major deficiencies are uncovered, additional
independent audits may be scheduled. The conduct and reporting of the audits will be consistent
with the procedures described in the EDSP QMP (Section 3.3).

In addition, the EDSP EP A QAM, or designee, has the option of conducting external
TSAs/ADQs.

21.0 REPORTS TO MANAGEMENT

The QA Manager will send periodic reports to the study director and management, which
detail significant regulatory, protocol, and SOP issues. Also, the participating laboratories wil
report to the EDSP Program Manager and W AL.

22.0 DATA REVIEW, VERIFICATION, AND VALIDATION

The data produced under this work assignment wil be reviewed by the technical
personnel for the validation process and by EDSP QA team members for the verification process
(see section 23). The criteria used for validation depend on the type of data. For dose solution
sample data, information regarding the condition of the containers and whether or not samples
were compromised is recorded in the sample chain-of-custody records. Compromised samples
are not analyzed. The criteria for validating data are those found in Section 7 (Data Quality
Objectives).
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23.0 VERIFICATION AND VALIDATION METHODS

23.1 Chain of Custody for Data

Study data, records, and specimens wil be maintained in a secure and designated location,
e.g., in the respective laboratory offices until study completion. Chain-of-custody procedures will
be implemented according to facility SOPs. Chain-of-custody information, including the date,
study recordCs) removed or returned, and the name of the person removing or returning the data
wil be documented. At study completion, the Study Director will follow the procedures specified
in the facility SOP for archiving study materials.

23.2 Data Validation

Data validation is a process by which the W A Leader/Study Director and/or other
technical personnel evaluate the data for conformance to the stated requirements for methodology
and quality. These personnel are responsible for reviewing the data, evaluating any technical
deviations or non-conformances, and then determining the degree to which the data meet the
quality criteria stated in Section 7.

23.3 Data Verification

Data verification constitutes part of the ADQ process performed by EDSP QA team
members and described earlier. Verification ensures that 1) the data are of high quality and were
collected according to the planning documents' requirements, and 2) the reported results
accurately reflect the raw data. Each data type wil be evaluated against its collection and
reduction requirements specified in the planning documents. Errors discovered during the data
evaluation will be corrected. The reported conclusions drawn from the data are verified by EDSP
QA team members during the report audit to confirm that they are tre and accurate. The
procedure for resolving issues of data verification has been detailed in prior sections of this
document.

24.0 RECONCILIATION AND USER REQUIREMENTS

Proposed methods for data analysis, including a test for statistical outliers, are specified in
the Study Plan and/or protocols.

25.0 REFERENCES

The following references were used to prepare the QAPP. Not all references are cited in
the text.
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1.0 OBJECTIVES

Task 3: Conduct of the Positive Control Studies in the ParticipatinCl Laboratories

The objective of this protocol is to describe procedures for conduct of the aromatase
assay using recombinant microsomes. Positive Control Study refers to the use of 4-
hydroxyandrostenedione (4-0H ASDN, a known aromatase inhibitor) in the aromatase assay to
demonstrate the responsiveness of the assay to aromatase inhibitors.

Justification for test system: The test system for this study is recombinant microsomes.
This test system was selected because it provides a biological source of the aromatase enzyme
and, since the assay is being evaluated for its potential to serve as a screening assay, the use of a
human recombinant microsome enhances its predictive potentiaL.

Route of administration and reason for its choice: The route of administration is not
applicable since the test system is a microsome. The method used for treating the microsomes
wil be to mix the micro somes, reagents, and test article in a common reaction vessel so that
microsomal uptake of the test article can be used to evaluate the effect on enzymatic activity.

2.0 MATERIALS RECEIPT AND/OR PREPARATION

A suffcient supply of chemical reagents, radio labeled and non-radiolabeled
androstenedione, and recombinant micro somes will be obtained prior to initiation of the first set
of experiments to ensure that sufficient quantities are available to conduct the studies.

2.1 Substrate

2.1.1 Substrate Name/Supplier

The substrate for the aromatase assay is androstenedione (ASDN). Non-radiolabeled and
radio labeled ASDN will be used. The non-radio labeled ASDN and the radiolabeled
androstenedione ((1ß-3H)-androstenedione, eH)ASDN) wil be provided to the laboratories by
Battelle's Chemical Respository (CR). The CR wil forward all applicable information
regarding supplier, lot numbers and reported/measured purity for the substrate to the laboratories
and this information wil be included in study reports. The radiochemical purity of the
(3H)ASDN (of each lot that is used) will be assessed by the lead laboratory as described in
Section 2.1.2

2.1.2 Radiochemical Purity (Lead Laboratory only)

The radiochemical purity of the eH)ASDN will be determined using high performance
liquid chromatography (HPLC) and liquid scintillation counting. The HPLC system consists of a
Waters 2690 Separations Module, a Waters 2487 Dual À Absorbance Detector and a ß-RAM
Model 3 flow-through radioactivity detector (IN/US, Inc., Tampa, FL) with a 250 ilL glass
scintillant celL. Data wil be collected using Waters Millennium32 Client/Server Chromatography
Data System Software, Version 4.0.



PROTOCOL
Page 4 of 14

The HPLC method uses a Zorbax SB-C1s column (4.6 x 250 mm) with a mobile phase of
55: 15:30 (v:v:v) distilled, deionized water: tetrahydrofuran: methanol and a flow rate of
1 mLimin. The eluant wil be monitored by UV absorbance at 240 nm and by a flow-through
radiochemical detector. Eluant fractions will be collected manually into vials containing ca.
10 mL Ultima Gold and assayed for radiochemical content by liquid scintillation spectrometr
(LSS). A reference standard ofnonradiolabeled ASDN will be analyzed by the same method
and co elution of the nonradiolabeled and radiolabeled ASDN wil be confirmed.

The radiochemical purity of the (3H)ASDN will be greater than approximately 95
percent. If the radiochemical purity is less than 95 percent, then the Sponsor wil be notified.

2.1.3 Preparation of Substrate Solution for use in Aromatase Assay

Since the specific activity of the stock (3H)ASDN is too high for use directly in the assay,
a solution containing a mixture of nonradiolabeled and radiolabeled (3H)ASDN is prepared such
that the final concentration of ASDN in the assay is 100 nM and the amount of trtium added to
each incubation is about 0.1 ¡.Ci. This substrate solution should have a concentration of 2 ¡.M
with a radiochemical content of about 1 ¡.Ci/mL.

The following illustrates the preparation of a substrate solution using a stock of
(3H)ASDN with a specific activity of25.3 Ci/m:iol and a concentration of 1 mCi/mL. Prepare a
1: 100 dilution of the radiolabeled stock in buffer. Prepare a 1 mg/rn solution of ASDN in
ethanol and then prepare dilutions in buffer to a final concentration of 1 ¡.g/mL. Combine 4.5
mL of the 1 ¡.g/mL solution of ASDN, 800 ¡.L of the eH)ASDN dilution and 2.7 mL buffer to
make 8 mL of substrate solution (enough for 80 tubes). Record the weight of each component
added to the substrate solution. After mixing the solution well, weigh aliquots (ca 20 ¡.L) and
combine with scintillation cocktail for radiochemical content analysis. The addition of 100 ¡.L of
the substrate solution to each 2 rn assay volume yields a final eH)ASDN concentration of 100
nM with 0.1 ¡.Ci/tube.

2.2 Test Substances

4-0H ASDN is a known aromatase inhibitor.

2.2.1 4-Hydroxyandrostenedione (4-0H ASDN)

CAS No.: 566-48-3
Molecular Formula/Weight: C19H2603; 302.4 g/mol

Supplier: Sigma
Lot No: tbd
Purity: tbd
Storage Conditions: 2-8°C (for bulk chemical, solution storage conditions to be
determined)
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2.2.2 Test Substance Formulation and Analysis

Test substance stock solutions will be prepared and analyzed by the CR and distributed to
the laboratories. 4-0H ASDN will be formulated in 95 percent ethanoL. The total volume of
test substance formulation used in each assay should be no more than 1 % of the total assay
volume (i.e., 20 ¡.L in a 2 mL assay) in order to minimize the potential of the solvent to inhibit
the enzyme. Dilutions of the stock solution wil be prepared in 95 percent ethanol on the day of
use such that the target concentration of inhibitor can be achieved by the addition of 20 ¡.L of the
dilution to a 2 mL assay volume.

2.3 Microsomes

Recombinant micro somes wil be supplied to each laboratory by the lead laboratory. The
microsomes must be stored at -70 to -80°C. The approximate protein content of the microsomes
wil be provided.

Human recombinant microsomes will be obtained from Gentest™ (Woburn, MA;
www.gentest.com). The product name is Human CYP19 (Aromatase) Supersomes™ and the
catalog number is 456260. The Supersomes™ package size is 0.5 nmoles cytochrome P450 in
0.5 mL. Supplier-provided values for protein concentration, cytochrome c reductase activity,
and aromatase activity will be found on the data sheet accompanying each shipment and will be
included in the report.

On the day of use, micro somes are thawed quickly in a 37:: 1°C water bath and then are
immediately transferred to an ice bath. The micro somes wil be rehomogenized using a Potter-
Elvejhem homogenizer (about 5-10 passes) prior to use. The microsomes are diluted in buffer
(serial dilutions may be necessary) to an approximate protein concentration of 0.008 mg/mL.
The addition of 1 rn of that microsome dilution will result in a final approximate protein
concentration of 0.004 mg/mL in the assay tubes. All microsome samples must be kept on ice
until they are placed in the water bath just prior to their addition to the aromatase assay. The
micro somes should not be left on ice for longer than approximately 2 hours before proceeding
with the assay or the microsomal enzyme activity may be decreased. Under no conditions
should micro somes be thawed and refrozen for later use in the assay.

2.4 Other Assav Components

2.4.1 Buffer

The assay buffer is 0.1 M sodium phosphate buffer, pH 7.4. Sodium phosphate
monobasic (JT Baker, cat # 401 1-01, 137.99 g/mol) and sodium phosphate dibasic (JT Baker, cat
# 4062-01, 141.96 g/mol) are used in the preparation of the buffer. Solutions of each reagent at

0.1 M are prepared in distilled, deionized water and then the solutions are combined to a final pH
of7.4. The assay buffer may be stored for up to one month in the refrigerator (2-8 0c).
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2.4.2 Propylene Glycol

Propylene glycol (JT Baker, cat # 9402-01, 76.1 g/mol) is added to the assay directly as
described below.

2.4.3 NADPH

NADPH (ß-nicotinamide adenine dinucleotide phosphate, reduced form, tetrasodium salt,
Sigma, cat # 1630, 833.4 g/mol) is the required co-factor for CYPI9. The final concentration in
the assay is 0.3 mM. Typically, a 6 mM stock solution is prepared in assay buffer and then 100
ilL of the stock is added to the 2 mL assay volume. NADPH must be prepared fresh each day
and is kept on ice.

3.0 PROTEIN ASSAY

The protein concentration of the microsome preparation wil be determined on each day
of use of the microsomes in the aromatase assay. A 6-point standard curve wil be prepared,
ranging from O. 13 to 1.5 mg protein/mL. The protein standards wil be made from bovine serum
albumin (BSA). Protein will be determined by using a DC Protein Assay kit purchased from
Bio-Rad (Hercules, CA). Toa 25 ¡.L aliquot of unknown or standard, 125 ¡.L of BioRad DC
Protein Kit Reagent A wil be added and mixed. Next, 1 mL of BioRad DC Protein Kit Reagent
B will be added to each standard or unknown and the samples will be vortex mixed. The
samples wil be allowed to sit at room temperature for at least 15 min to allow for color
development. The absorbances are stable for about 1 h. Each sample (unknown and standards)
will be transferred to disposable polystyrene cuvettes and the absorbance ((ê 750 nm) wil be
measured using a spectrophotometer. The protein concentration of the microsomal sample will
be determined by extrapolation of the absorbance value using the curve developed using the
protein standards.

4.0 AROMATASE ASSAY METHOD

The assays wil be performed in 13xl00 mm test tubes maintained at 37:: I°C in a
shaking water bath. Propylene glycol (100 ilL), eH)ASDN, NADPH, and buffer (0.1 M sodium
phosphate buffer, pH 7.4) will be combined in the test tubes (total volume 1 mL). The final
concentrations for the assay components are presented in Table 1. The tubes and the microsomal
suspension will be placed at 37:: I°C in the water bath for five minutes prior to initiation of the
assay by the addition of 1 mL of the diluted microsomal suspension. The total assay volume will
be 2.0 mL, and the tubes will be incubated for 15 min. The incubations will be stopped by the
addition of methylene chloride (2.0 mL); the tubes wil be vortex-mixed for ca. 5 s and placed on
ice. The tubes are then vortex-mixed an additional 20-25 s. The tubes will then be centrfuged
using a Beckman GS-6R centrifuge with GH-3.8 rotor for 10 minutes at a setting of 1000 rpm.
The methylene chloride layer will be removed and discarded; the aqueous layers are extracted
again with methylene chloride (2 mL). This extraction procedure will be performed one
additional time, each time discarding the methylene chloride layer. The aqueous layers will be
transferred to vials and duplicate aliquots (0.5 mL) wil be transferred to 20-mL liquid
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scintillation counting vials. Liquid scintillation cocktail (Ultima Gold, Packard, 10 mL) will be
added to each counting vial and shaken to mix the solution. The radiochemical content of each
aliquot will be determined as described below.

Table 1. Optimized Aromatase Assay Conditions

Microsomal Protein (mg/mL)a

NADPH (mM)a

(3H)ASDN (nM)a

Incubation Time (min)
a Final concentrations

0.0125

0.3

100

15

0.004

0.3

100

15

Analysis of the samples wil be performed using liquid scintillation spectrometry (LSS).
Radiolabel found in the aqueous fractions represents 3H20 formed.

Results will be presented as the activity (velocity) of the enzyme reaction. The amount
of estrogen product formed is determined by dividing the total amount of 3H20 formed by the
specific activity of the (3H)ASDN substrate (expressed in dpm/nmol). The activity of the
enzyme reaction is expressed in nmol (mg proteinY1min-1 and is calculated by dividing the
amount of estrogen formed by the product of mg microsomal protein used times the incubation
time, e.g. 15 minutes.

5.0 USE OF THE AROMATASE ASSAY FOR MEASUREMENT OF ICso

5.1 Positive Control Study

Each study will test the response of aromatase activity to the presence of six
concentrations of 4-0H ASDN. This study wil be conducted in three independent replicates by
each participating laboratory. Each concentration of 4-0H ASDN wil be run in triplicate tubes
in each Study. See Table 2 for the study design. Full enzyme activity control and background
activity samples wil be included for each study. Full enzyme activity controls will contain
substrate, NADPH, propylene glycol, buffer, vehicle (used for preparation of 4-0H ASDN
solutions) and microsomes. Background activity samples contain all full enzyme activity control
assay components except NADPH and serve as assay blanks. Four full enzyme activity control
and four background activity samples are included with each Study and are treated the same as
the other samples. The controls sets will be split so that two tubes (of each full enzyme activity
controls and background activity samples) are run at the beginning and two at the end of each
study set.

The assay will be conducted as described in Section 4.0 with the following modification.
4-0H ASDN solution (or vehicle) will be added to the mixture of propylene glycol, substrate,
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NADPH and buffer in a volume not to exceed 20 i-L prior to preincubation of that mixture. The
volume of buffer used will be adjusted so the total incubation volume remains at 2 mL.

Full enzyme activity control 4 Complete assaya with inhibitor N/A
vehicle control

Background Activity 4 Complete assay with inhibitor N/A
vehicle control omitting NADPH

4-0H ASDN Concentration 1 3 Complete assay with 4-0H ASDN 1 x 10-6

added

4-0H ASDN Concentration 2 3 Complete assay with 4-0H 1 x 10-7

ASDN added

4-0H ASDN Concentration 3 3 Complete assay with 4-0H 5 x 10-8

ASDN added

4-0H ASDN Concentration 4 3 Complete assay with 4-0H 2.5 x 10-8

ASDN added

4-0H ASDN Concentration 5 3 Complete assay with 4-0H 1 x 10-8

ASDN added

4-0H ASDN Concentration 6 3 Complete assay with 4-0H 1 x 10-9
ASDN added

aThe Complete Assay contains buffer, propylene glycol, microsomal protein, (3H)ASDN and

NADPH

5.2 Data Analvsis and Presentation

The data to be reported will include the following information: assay date and run
number, technician, chemical and log chemical concentration, total DPM-background DPM, and
% activity. The DPMs for the background tubes should be subtracted from the tubes with Total
DPMs to provide DPMs for specific aromatase activity. A spreadsheet wil be developed by the
lead laboratory that will be used to process the data into a final form for analysis and evaluation.
A working document detailing the conversion of the data from DPMs to nmol, as well as the
actual methods for calculations of the final aromatase activity wil be distrbuted to the
laboratories. This process is briefly summarized below.

The spreadsheet calculates DPM/mL for each aliquot of extracted aqueous incubation
mixture and average DPM/mL and total DPM for each aqueous portion (after extraction).
Multiplication of the volume (mL) of substrate solution added to the incubation by the substrate
solution radiochemical content (DPM/mL) yields the total DPM present in the assay tube at
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initiation. The total DPM remaining in the aqueous portion after extraction divided by the total
DPM present in the assay tube at initiation times 100 yields the percent of the substrate that was
converted to product. The total DPM remaining in the aqueous portion after extraction is
corrected for background by subtracting the average DPM present in the aqueous portion of the
background activity tubes (for that day/assay). This corrected DPM is then converted to nmol
product formed by dividing by the substrate specific activity (DPM/nmol). The activity of the
enzyme reaction is expressed in nmol (mg proteinY1min-1 and is calculated by dividing the
amount of estrogen formed (nmol) by the product ofmg microsomal protein used times the
incubation time. Average activity in the positive control samples for a given Study is calculated.
Percent of control activity remaining in the presence of various inhibitor concentrations is
calculated by dividing the aromatase activity at a given concentration by the average positive
control activity and multiplying by 100.

ICso will be calculated using Prism (Version 3.02) software to fit the percent of control
activity and log concentration data to a curve using the following equation:

Y = Bottom + (T op- Bottom )/( 1+ 1 oCCLogIC,,-X)*HillSlope))

Where: X is the logarithm of concentration
Y is the percent activity
Bottom is the lower plateau
Top is the upper plateau.

The data will be formatted as follows:

. One spreadsheet or table will display the DPMs for all assay tubes, calculations of

activity (nmol (mg proteinY1min-l) etc.
. Another table wil present the results of the analysis of variability of the assay and

wil include :
(1) the variation between replicates within a single assay,
(2) the day to day (study-to-study) variation, and
(3) technician variation.

. Graphs of activity versus log chemical concentration.

. Table of ICsos by date, run, technician, assay method.

6.0 STATISTICAL ANALYSES

Concentration-response curves will be fitted to describe trends in the aromatase activity
percent of control responses. Full enzyme activity control and background activity values will
be compared across daily replicate tests for each test substance.
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6.1 Concentration Response Fits for the Test Substance

For the test substance multiple independent replicates of the concentration response curve
fit will be carred out. The number of replicates will be three.

For each replicate two repeat tubes of the positive controls and the background activity
samples wil be prepared prior to the preparation of the repetitions of the inhibitor compound and
two repeat tubes of the positive controls and the background activity samples will be prepared
after the repetitions of the inhibitor compound are prepared. Three repetitions wil be prepared
for each level of the inhibitor compound (4-0H ASDN).

For each repetition at each level the Excel database spreadsheet wil include total DPMs
per tube and total aromatase activity per tube. The aromatase activity is calculated as the DPM,
normalized by the specific activity of the eH)ASDN, the mg of protein of the aromatase, and the
incubation time. The aromatase activity is corrected for the background DPMs, as measured by
the average of the background activity tubes. Thus the average aromatase activity across the
four background activity repeat tubes must necessarily equal 0 within each replicate. The total
DPM values are not corrected for background.

For eachrepetition within each inhibitor concentration, percent of control activity is
determined by dividing the aromatase activity for that tube by the average positive control
activity and multiplying by 100. Nominally one might expect for an inhibitor the percent of
control activity values to vary between approximately 0% near the high inhibition concentrations
and approximately 100% near the low inhibition concentrations. However individual
experimental percent of control activity values wil sometimes extend below 0% or above 100%.
Thus upper and lower response curve plateaus need to be included in the response curve models,

Concentration response trend curves wil be fitted to the percent of control activity values
within each of the repeat tubes at each inhibitor concentration. Concentration is expressed on
the log scale. In agreement with past convention, logarithms wil be common logarithms (i.e
base 10). Let X denote the logarithm of the concentration of inhibitor compound (e.g. if
concentration = 10-s then X = -5). Let

Y == percent of control activity in the inhibitor tube

X == logarithm (base 10) of the concentration
T == upper plateau of the concentration response curve
B == lower plateau of the concentration response curve
DA VG == average DPMs across the repeat tubes with the same inhibitor concentration
ß == slope of the concentration response curve (ß wil be negative)

11 == loglOICso (ICso is the concentration corresponding to percent of control activity equal

to 50%).

The following concentration response curve will be fitted to relate percent of control
activity to logarithm of concentration within each replicate

Y = B + (T - B)/(1 + 10(iL-xlP) + E
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where E is the variation among repetitions, distrbuted with mean 0 and variance proportional to
DA VG (based on Poisson distribution theory for radiation counts). The response curve will be
fitted by weighted least squares nonlinear regression analysis with weights equal to
1000/DA VG. Model fits wil be carried out using Prism software (Version 3 or higher).

The concentration response fits wil be carred out for each replicate test within each test
compound. Based on the results of the fit within each replicate the extent of aromatase
inhibition wil be summarized as ICso (10 11) and slope (ß). The estimated ICso for an inhibitor
compound will be the geometric mean across the replicates. The estimated overall standard error
wil be based on the standard errors within each replicate and the replicate-to-replicate
variability. The average value and standard error ofloglOICso or ß can be calculated based on a

one-way random effects analysis of variance model fit.

6.2 Graphical and Analvsis of Variance Comparisons amono Concentration Response
Curve Fits

For each replicate the individual percent of control values will be plotted versus
logarithm of inhibitor compound concentration. The fitted concentration response curve wil be
superimposed on the plot. Individual plots wil be prepared for each replicate.

Additional plots will be prepared to compare the percent of control activity values across
replicates. For each replicate the average percent of control values will be plotted versus

logarithm of inhibitor concentration on the same plot. Plotting symbols wil distinguish among
replicates. The fitted concentration response curve for each replicate wil be superimposed on
the plot. On a separate plot the average percent of control values for each replicate wil be
plotted versus logarithm of inhibitor compound concentration. The average concentration
response curve across replicates wil be superimposed on the same plot with 95 percent
confidence intervals on average control values at each observed concentration. Replicate-to-
replicate variation wil be treated as a random effect for purposes of calculating confidence
intervals.

For each replicate treat (ß, i-) as a random variable with mean (ßavg, i-avg) and covariance

~ (ß, 11) across replicates. Let Bavg, Tavg denote the average bottom and top across the replicates.
Let

Z =' (Y- Bavg)/(Tavg - Bavg)

L =' loglO(Z/(1 - Z)).

The average response curve is expressed as

L =' ßavg(i-avg - X)

with approximate standard errors of prediction of L at a given X based on ~ (ß,I1) and propagation

of errors. These are used to calculate approximate confidence intervals for predictions at each X.
The linearized response curve and associated confidence intervals are back transformed to yield
the response curve in terms of percent of control, Y
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Y = B + (T - B )( 1 0 ßavg(f!avg - X))/( 1 + 1 0 ßavg(f!avg - X))avg avg avg avg .
Slope (ß) and logioICso (il) wil also be compared across replicates based on random

effects analysis of variance, treating the replicates as random effects. ß and il are estimated,
separately within each replicate, and plotted along with the average and associated 95%
confidence interval across replicates.

6.3 Neaative and Positive Control Values Across Replicates

Within each replicate quadruplicate repetitions wil be made of the background activity
tubes and the positive control tubes. Half the repetitions wil be carried out at the beginning of
the replicate and half at the end. If the conditions are constant throughout the replicate test, the
control tubes at the beginning should be equivalent to those at the end. To assess whether this is
the case the control responses will be combined across replicates and expressed as percent of
(positive) control activity. The average of the four background activity samples within a
replicate must necessarily be 0 and the average of the four positive controls within a replicate
must necessarily be 100. The two beginning controls and the two end controls will be plotted by
replicate with plotting symbol distinguishing between beginning and end, and with reference line
0% (background activity) or 100% (positive control) respectively. These plots wil display the
extent of consistency across replicates with respect to average value and variability and will
provide comparisons of beginning versus end of each replicate. Two-way analysis of variance
will be carred out, separately for the positive control tubes and the background activity tubes.
The factors in the analysis of variance wil be replicate, portion (beginning or end), replicate by
portion interaction. The error corresponds to repetition within replicate and portion. The
response wî1 be percent of control aromatase activity. If the daily replicates are in control the
portion main effect and portion by replicate interaction should be nonsignificant. Note that the
replicate effects wil not be estimable because of the constrained totals within each replicate. For
purposes of evaluation replicate wil be treated as a fixed effect. Ifportion by replicate
interaction is significant the nature of the effect will be assessed by comparing the portion effect
within each replicate to the portion effect averaged across replicates, adjusting for simultaneity
by Scheffe's method. The portion effect within each replicate and the portion effect averaged
across replicates, and associated 95% confidence intervals, will be presented graphically.

6.4 Variability Assessment

For the inhibitor test compound variability among replicates and variability among
repetitions within replicates wil be estimated and assessed for statistical significance. The
response will be aromatase activity. These analyses wi1l1reat inhibitor concentration as a
classification variable and will include both the positive and background activity groups. The
factors in the mixed effects analysis of variance wil be concentration group (including positive
and background activity groups), replicate, replicate by concentration interaction, and residual
variation. Residual variation corresponds to repetition within replicate and concentration.
Inhibitor concentration will be treated as a fixed effect. Replicate and replicate by concentration
interaction will be treated as random effects. The analysis of variance fit wil incorporate
weights. The weight for responses in each concentration group wil be based on the average of
the DPMs across all the replicates and repetitions within replicates associated with that
concentration group. The weight for each concentration group will be 1000/(Average DPMJ.



PROTOCOL
Page 13 of 14

Normal probability plots wil be prepared to identify outlying replicates or repetitions.
Deviations of average within replicate from average across replicates within that concentration
group will be ordered and plotted on a normal probability scale. The differences will be
normalized by (Average DPM)Yz for their concentration group to adjust for differing variability
across concentration groups. Deviations of repetitions from average across repetitions within
replicate and concentration group wil be ordered and plotted on a normal probability scale. The
differences will be normalized by (Average DPMf' for their concentration group to adjust for
differing variability across concentration groups.

6.5 Statistical Software

Concentration response curves wil be fitted to the data using the non-linear regression
analysis features in the PRISM statistical analysis package, Version 3 or higher. Supplemental
statistical analyses and displays such as summary tables, graphical displays, analysis of variance,
and multiple comparisons will be carred out using the SAS statistical analysis system, Version 8
or higher, or other general purpose statistical packages (e.g. SPSS).

6.6 Interlaboratory Statistical Analysis

The lead laboratory and each of the participating laboratories wil carr out "intra-

laboratory" statistical analyses based on their test data, according to this common statistical
analysis plan, developed by the Data Coordination Center (Battelle). The Data Coordination
Center wil carr out the "inter-laboratory" statistical analysis. It will combine summary values
developed in each of the intra-laboratory analyses to assess relationships among the laboratory
results (e.g. outlying laboratories), the extent oflaboratory-to-laboratory variation, and overall
consensus estimates among the laboratories.

The results of the intra-laboratory analyses wil be concentration response curve fits
associated with the positive control inhibitor 4-0H-ASDN. For each inhibitor compound they
will also characterize variability among replicates and variability among repetitions within
replicates.

The inter-laboratory analysis wil be based on the ICso and slope parameters of the
concentration response curve fits and the replicate-to-replicate and repetition within replicate
components of variation. The objectives of the inter-laboratory statistical analysis are to:

· Determine the average values and variability among laboratories with respect to the
within-laboratory parameters mentioned above
Determine the coefficient of variation among laboratories for each of the within-
laboratory parameters mentioned above

· Estimate the ratio of within laboratory variation to among laboratory variation for
each of the parameters
Identify outlying laboratories, if any

· Assess the extent of variation across the inhibitor compounds of the coefficients of
variation among laboratories for each of the inhibitor compounds.
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For each endpoint a one-way mixed effects analysis of variance with heterogeneous
variances among the participating laboratories will be fitted to the summary responses within
laboratories. Laboratory will be treated as a random effect. Weights wil incorporate laboratory-
to-laboratory variation and within laboratory variation. The within laboratory variation will be
the square of the standard error reported by each laboratory. The analysis of variance will
provide an estimated weighted average effect across all laboratories and its associated standard
error as well as an estimate of the laboratory-to-laboratory component of variation. The mixed
effects analysis of variance wil be carried out using PROC MIXED in the SAS statistical
analysis system.

7.0 RETENTION OF RECORDS

All records that remain the responsibility of the testing laboratory wil be retained in
the archives for the life of the contract.

8.0 QUALITY CONTROL/QUALITY ASSURANCE PROCEDURES

Quality control (Qc) and quality assurance (QA) procedures will follow those outlined in
the QualityAssurance Project Plan (QAPP) that wil be prepared for this study. This study wil
be conducted in compliance with the Federal Register, 40 CFR Part 160, Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) Good Laboratory Practice Standards.

9.0 STUDY RECORDS TO BE MAINTAINED

. All records that document the conduct of the laboratory experiments and results
obtained, as well as the equipment and chemicals used

. Protocol and any Amendments

. List of any Protocol Deviations

. List of Standard Operating Procedures

. Quality Assurance Project Plan (QAPP) and any Amendments

. List of any QAPP Deviations
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Aromatase Assay Spreadsheet

Test ;/oncentrations
Assay Date Chemical tested 6

Technician
ID Replicate # Microsome type Microsome ID

4-17 Task 3 Replicate 1.xls
Title page 11/21/2005; 9:56 AM Page 1 of 6



Aliquot #
1

2
3
4
5

\i ht of

aliquot (g) DPM/Aliq.
DPM/g
soln
1836324
1987126
2003776
2107556
2078892

Average DPM/g soln
SO
CV

2002735
105741

5.28

0.902

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution

Stock
Dilution A

Dilution B

¡iCi/g soln

mg ASDN total volume
added

dilution
factor (ASDNJ in solution (¡ig/mL)

1000.00
10.00
1.00

Calculation of concentration nonradiolabeled ASDN in substrate solution
Total g substrate solution

Mass of dilution B used in substrate prep
Concentration of nonradiolabeled ASDN in substrate soln.

g

g

0.565882 ¡ig/g

Calculation of Substrate Solution Specific Activity

1) Calculate ~ig (3HJASDN/g soln. = 0.01021 ¡ig/g soln.

¡ig/g soln.
a. ¡iCi/g soln
b. Specific activity of rHJASDN (¡iCi/mmol)
c. Molecular wt of ASDN (mg/mmol)

0.902

286.4

Formula=a/bt

2) Calculate total ¡ig ASDN/g soln.

¡ig ASDN/g soln.= ¡ig cold ASDN/g soln. + ¡ig (3HJASDN/g soln.

0.565882 + 0.01021
= 0.576094 ¡ig ASDN/g soln.

3) Calculate Solution Specific Activity

= (¡iCi/g soln.)/(~ig ASDN/g soln.)
= 1.566 ~iCi/¡ig ASDN

995642 dpm/nmol

4-17 Task 3 Replicate 1 .xls;
Substrate Specific Activity

11/21/2005;
9:56 AM 20f6
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Assay Date

Technician
ID

Aromatase Assay Spreadsheet

Replicate #

4-17 Task 3 Replicate 2.xls
Title page

# Concentrations
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Microsome type

11/21/2005; 10:02AM

Microsome

Page 1 of 6



Aliquot #
1

2
3
4
5

Weight of
aliquot (g)

DPM/g
soln.
1824216
1837335
1938433
1969629
2063200

Average DPM/g soln
SO
CV

¡.Ci/g soln

1926562
98871

5.13

0.868

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution

Stock
Dilution A

Dilution B

mg ASDN total volume
added

dilution
factor (ASDN) in solution (¡.g/mL)

1000.00
1000
1.00

Calculation of concentration nonradiolabeled ASDN in substrate solution

Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

Calculation of Substrate Solution Specific Activity

9

9

0.564828 ¡.g/g

1) Calculate ¡.g (3H)ASDN/g soln. = 0.00982 ¡.g/g soln
¡.g/g soln.

a. ¡.Ci/g soln
b. Specific activity of eH1ASDN (¡.Ci/mmol)
c. Molecular wt of ASDN (mg/mmol)

Formula=a/b*c

2) Calculate total ¡.g ASDN/g soln.

0.868
25300000

286.4

¡.g ASDN/g soln.= ¡.g cold ASDN/g soln + ¡.g (3H1ASDN/g soln.

= 0.564828 + 0.00982
= 0.574652 ¡.g ASDN/g soln.

3) Calculate Solution Specific Activity

= (¡.Ci/g soln.)/(¡.g ASDN/g soln.)
1.51 0 ~LCi/~Lg ASDN

960177 dpm/nmol

4-17 Task 3 Replicate 2.xls;
Substrate Specific Activity

11/21/2005;
10:02 AM 2of6
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Assay Date

Technician
ID

4-17 Task 3 Replicate 3.xls
Title page

Aromatase Assay Spreadsheet

Test
ChemicallD

Replicate #

i'oncentrations
tested

Microsome type

11/21/2005; 10:05 AM Page 1 of 6



Aliquot #
1

2
3
4
5

DPM/Aliq.
DPM/g
soln.
1762942
1872688
1983022
1882019
1883967

Average DPM/g soln
SO
CV

pCi/g soln

1876928
78010

4.16

0.845

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution

Stock
Dilution A

Dilution B

mg ASDN total volume
added

dilution
factor iASDNl in solution (pg/mL)

1000.00
10.00
1.00

Calculation of concentration nonradiolabeled ASDN in substrate solution

Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

Calculation of Substrate Solution Specific Activity

9

9

0.56462 pg/g

1) Calculate pg i3H1ASDN/g soln. = 0.00957 pg/g soln.
pg/g soln.

a. pCi/g soln
b. Specific activity of i3H1ASDN (pCi/mmol)
c. Molecular wt of ASDN (mg/mmol)

Formula=a/bê

2) Calculate total pg ASDN/g soln.

0.845
25300000

286.4

pg ASDN/g soln.= pg cold ASDN/g soln. + pg (3H1ASDN/g soln.

= 0.564620 + 0.00957
= 0.574191 pg ASDN/g soln.

3) Calculate Solution Specific Activity

= (~iCi/g soln.)/(pg ASDN/g soln.)
1 .4 72 ~iCi/~ig ASDN

936191 dpm/nmol

4-17 Task 3 Replicate 3.xls;
Substrate Specific Activity

11/21/2005;
10:05 AM 2of6
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Appendix 4: Prism Output for Task 3
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Battelle
i1ie Business oj Innovation

ANALYTICAL CHEMISTRY ACTIVITIES REPORT

4-HYDROXYANDROSTENEDIONE (4-0HASDN)

CAS No.: 566-48-3

Receipt Date: 10/22/04

Appearance: Solid

Storage Conditions ((0 Battelle): Refrigerated (~5°C)

Lot No.: 063K4069 (Sigma Aldrich)

Amount Received: 3.1 g

Vendor Purity: 99% by TLC

STRUCTUR: MoL. Wt.: MoL. Formula:

302.41 g/mol Cl9H2603

Prepared By: Approved By:

Denise A. Contos, M.S Steven W. Graves, B.S.
Manager, Chemistry Technical Center

Battelle Study No. W A 4- 1 6/17



QUALITY ASSURANCE STATEMENT

This study was inspected by the Quality Assurance Unit and reports were submitted to the Study Director and

Management as follows:

Phase Inspected
Test substance receipt

Dispensing*

Formulation analysis*

Formulation preparation*

Audit analytical report

Audit study fie

Audit analytical report

Inspection Date
10/26/2004

12/2/2004

12/2/2004

12/2/2004

7/26/2005

7/26/2005

Date Reported to Study
Director/Management

10/26/2004

12/2/2004

12/2/2004

12/2/2004

7/26/2005

7/26/2005

* These inspections are serving the purpose for all reference chemicals since QA was required to see only one phase

inspection of a chemicaL.

Quality Assurance Unit
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EXECUTIVE SUMMARY

The title compound, 4-hydroxyandrostenedione, was analyzed in support ofthe EPA Placental and Recombinant

Aromatase Assay Prevalidation Work, Work Assignment 4- i 6/17.

The solubility of 4-hydroxyandrostenedione was determined to be acceptable in 95% ethanol for preparing

formulations.

A formulation analysis method was developed and validated to analyze 4~hydroxyandrostenedione in 95%

ethanol at a concentration of3.02 mg/mL (O.OIM). This method was used to analyze samples from both formulation

and formulation storage stability studies at 3.02 mg/mL.

The storage stability study indicated that a 3.02 mg/mL formulation stored in sealed amber glass bottles and

protected from light was stable for 173 days at approximately 5°e.

The stock formulation prepared for shipment to the testing laboratory was analyzed and met the established

acceptance criteria.
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1 INTRODUCTION

The purpose of this work was to provide all necessary chemistry support activities for 4-

hydroxy androstenedione on EP A Work Assignment 4-16/17, and consisted of:

. determining solubility in 95% ethanol

. developing and validating a formulation analysis method

. conducting a storage stability study

. preparing and analyzing a stock formulation.

This work was done at Battelle, 505 King Avenue, Columbus, OR 43201.

2 CHEMICAL RECEIPT AND STORAGE

One 20-mL amber glass bottle of 4-hydroxyandrostenedione, 063K4069, was received from the repository at

Battelle's Marine Science Laboratory in Sequim, W A on October 22,2004. The label amount indicated 3.1 grams

was sent. The chemical was received and subsequently stored at approximately 5°C.

A copy of the manufacturer's Certificate of Analysis for this lot is shown in Figure 1. This states that purity was

99% based on thin layer chromatography (TLC).

Battelle Study No. W A 4-16/17



Product Name
Product Number
Product Brand
CAS Number
Molecular Formula
Molecular Weight

TEST
APPEARANCE
SOLUBILITY
ELEMENTAL ANALYSIS
PROTON Nl'lR SPECTRUM
PURITY BY THIN LAYER CHROMATOGRAPHY

QC ACCEPTANCE DATE

/-' "~ r fl'
",.,__'l)t.iA. ~_~

1/- . .,,_
"-,~

Lori Schulz, Manager
Analytical Services
St. Louis, Missouri USA

Cert ificateofAnalysis

4-Androsten-4-ol-3,17-dione,
A5791
SIGMA

566-48-3
CI'fHi~03

302.41

LOT 0631(4069 RESULTS

WHITE POWDER

CLEAR COLORLESS SOLUTION AT 10 MG!ML OF METHANOL

75.45% CARBON
CONSISTENT WITH STRUCTURE

99%
JUNE 2003

Figure 1 - Certificate of Analysis
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3 SOLUBILITY STUDIES

A solubility study was conducted to determine the solubility of 4-hydroxyandrostenedione (4-0H ASDN) in

95% ethanol, at a concentration of at least 30.2 mg/mL. The 4-hydroxyandrostenedione (0.30200:! 0.0.03020 g)

was weighed into a IO-mL volumetric flask, diluted to approximately 80% volume with 95% ethanol, sealed and

shaken to mix. The flask was diluted to volume with 95% ethanol, sealed, shaken, sonicated for ~50 minutes and

stirred. The 4-0H ASDN did not go into solution.

A second solubility study was conducted to determine the solubility of 4-0H ASDN in 95% ethanol, with a

solubility of at least 3.02 mg/mL being required for acceptability. The 4-0H ASDN (0.03020:! 0.0.00302 g) was

weighed into a IO-mL volumetric flask, diluted to approximately 80% volume with 95% ethanol, sealed and shaken

to mix. The flask was diluted to volume with 95% ethanol, sealed, shaken and sonicated for ~2 minutes. The 4-0H

ASDN went into solution. This experiment showed that 95% ethanol was an acceptable solvent for the 3.02 mg/mL

formulation (O.OIM).

4 FORMULATION ANALYSIS METHOD PERFORMANCE EVALUATION (MPE)

This section describes the evaluation of a method developed to analyze formulations of

4-hydroxyandrostenedione in 95% ethanol at a target concentration of3.02 mg/mL (0.01 M) for the stability study

,and the results and conclusions from this evaluation.

4.1 Method Development

Method development for this chemical involved the evaluation of various chromatographic columns and

conditions. The selected method was one which produced acceptable retention time for the major peak,

apparent resolution of significant impurities and acceptable peak shape. The detection method chosen was gas

chromatography with flame ionization detection (GC/FID).

4.2 Method

The GC parameters for 4-hydroxyandrostenedione are presented in Table 1.

Battelle Study No. W A 4-16/17 3



GC

Column

Carrier Gas and Flow Rate

Oven Temperature

Detector Type

Detector Flow Rates

Detector Temperature

Injector Temperature

Injection Volume

Injection Mode

Run Time

Table 1 - GC System

Agilent 6890 (Palo Alto, CA)

RTX-5, 30 m x 0.25 mm (ID), 0.25 f.m film thickness (Restek, Bellefonte, PA)

Helium at 2 mL/minute

150°C, hold for 1 minutes, increase at 15°C/minute to 320°C

Flame Ionization

Hydrogen at 30 mL/minute; Air at 380 mL/minute

320°C

250°C

1 f.L

Split 1: 0

-12 minutes

4.3 Method Validation

Validation was accomplished using a single experiment.

Triplicate vehicle/calibration standards at the highest and lowest of four concentrations were prepared. A

single standard was prepared at each intermediate concentration. The high and low concentrations were used to

assess the precision of the method. The precision of the low concentration was used to calculate limits of

detection (LOD) and quantitation (LOQ). Triplicate vehicle blanks with and without internal standard (IS) were

used to assess the specificity of the method.

4.3.1 Preparation of Standards and Blanks

4.3.1. Internal Standard (IS)

Fifty (50) milligrams ofbenzophenone was added to a 25-mL volumetric flask. The

flask was diluted to volume with methanol, sealed, and mixed welL.

4.3.1.2 Stock Standards

Two stock standards (A,B) were prepared by accurately weighing 25 :t 1.0 mg of

4-hydroxyandrostenedione (4-0H ASDN) each into individual 25-mL volumetric flasks and

dissolving in and diluting to volume with methanoL. This produced stocks A and B with target

concentrations of 1000 f.g/mL each.

4.3 .1.3 Vehicle/Calibration Standards

Vehicle/calibration standards were prepared as shown in Table 2. The flasks were

diluted to volume with methanol, and mixed welL. Triplicate vehicle/calibration standards were

Battelle Study No. W A 4-16/17 4



prepared at the low and high concentrations with single vehicle/calibration standards prepared at

the two intermediate concentrations.

Table 2 - Preparation of Vehicle/Calibration Standards

Vehicle/Calibration Target Final Cone S Source Volume is 95% Ethanol Final VolumeStd ( /mL ouree mL mL mL mL
VSi

VS2

VS3

VS4

500

300

200

100

A

B

A

B

5

3

2

10

10

10

10

4.3.1.4 Blanks

Triplicate blanks without is were prepared by pipetting 1 mL of 95% ethanol into three

individual10-mL volumetric flasks. The flasks were diluted to volume with methanol, sealed,

and mixed welL.

Triplicate blanks with is were prepared by pipetting 1 mL is and 1 mL of 95% ethanol

into three individual10-mL volumetric flasks. The flasks were diluted to volume with methanol,

sealed, and mixed welL.

4.3.2 Analysis

A portion of each vehicle/calibration standard and blank was transferred to individual

autoinjector vials and the vials were sealed. Single injections were made from each vial using the same

chromatographic system and parameters determined during method development (Table 1).

4.3.3 Calculations

The integration of the 4-0H ASDN and is peaks by the chromatography data system was

evaluated to assure it was correct in all chromatograms and manually reintegrated, if necessary. A linear

regression equation weighted 1Ix was calculated relating the response ratio of 4-0H ASDN divided by

the is (y) to the concentration of the vehicle/calibration standards (x). The concentration of each

vehicle/calibration standard was calculated using its individual response ratio and the regression

equation. These values were used to calculate the individual and average concentrations, percent relative

errors (RE), standard deviation (s), and percent relative standard deviation (RSD) as appropriate for the

vehicle/calibration at each concentration.
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4.3.4 Results

Specificity is shown by representative overlaid chromatograms from high and low

vehicle/calibration standards, blank with is, and a blank from the validation data as presented in Figure 2.

The blank and blank with is exhibited no peaks that would significantly interfere with the

4-0H ASDN or is peaks.

50

-

IS

STD 4

. ~ STD 1

BLK+IS

BLI\
T i

4 HYDROXY ANDROSTENEDIONE"-'
~300
oi:.,
'"
ci

250

200

150

100

2 3 4 5 6 7 8 8
Retention time

Figure 2 - Representative Overlaid Chromatograms from a High and Low Vehicle/Calibration Standard,

~Iank with Internal Standard, and Blank from the Validation (Shown Top to Bottom)

The regression analysis results from the validation standard curve indicate linearity and are

shown in Table 3.

Table 3 -Regression Analysis Validation Results
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The vehicle/calibration standard validation results are shown in Table 4.

Table 4 -Vehicle/Calibration Standard Validation Results

Nominal Std Cone Detd Std Cone
Avg

s Avg
Detd Std Cone %RSD %RE

(iig/mL) (iig/mL) /mL (iig/mL) %RE

496.8 -1.9

506.4 494.5 509.6 24.2 4.7 -2.3 0.6

537.5 6.1

298.1 298.4 NA NA NA -2.9 NA

202.5 198.8 NA NA NA -1.9 NA

100.7 1.
99.38 99.98 100.4 0.4 0.4 0.5 1.0

100.5 1.

The method validation sensitivity was 1.2 iig/mL, the limit of detection (LOD), which is defined

as three times the standard deviation of the low vehicle/calibration standard. This is equivalent to a

formulation concentration of 12 iig/mL when a formulation is diluted 1 to 10 for analysis. The limit of

quantitation (LOQ), was 4.2 ¡.g/mL, defined as ten times the standard deviation of the lowest standard

because there was no blank response. This is equivalent to a formulation concentration of 42 ¡.g/mL

when a formulation is diluted 1 to 10 for analysis. The estimated limit of quantitation (ELOQ), defined as

the lowest standard with acceptable accuracy and precision, was 99.38 ¡.g/mL.

4.3.5 Conclusions

The method met all acceptance criteria for precision, accuracy, linearity, sensitivity and

specificity. The method was suitable for the stability study and subsequent formulation analyses for

which it was used.

5 FORMULATION STABILITY STUDIES

A formulation stability study was conducted at a concentration of3.02 mg/mL (0.01 M) in 95% ethanol for

173 days in sealed, amber glass bottles stored at approximately 5°C.

5.1 Study Design

A sample was analyzed on the day of preparation (Day 0) and Day 14. A second sample was analyzed on

the day of preparation (Day 0), Day 27, 54, 83 and 173. Three aliquots were analyzed from each sample at each

storage time.
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5.2 Formulation Method

A formulation was prepared on November 10, 2004 (Day 0) for the storage stability study at a target

concentration of3.02 mg/mL (0.01 M) in 95% ethanol by accurately weighing 75.50:1 0.75 mg of 4-0H ASDN

into a 25-mL volumetric flask. The chemical was dissolved in and diluted to approximately three quarters ofthe

total volume with 95% ethanoL. The flask was sealed, sonicated for 10 mintues and allowed to cool to room

temperature. The flask was diluted to volume with 95% ethanol, sealed, and mixed welL.

Approximately 6 mL of formulation was transferred into each of four, 8-mL amber glass vials which

were then sealed. One vial was used for the Day 0 analysis and the other three were stored at approximately

5°C until use. After 14 days of storage, a vial was removed from the refrigerator, allowed to warm to room

temperature, and triplicate aliquots were prepared and analyzed.

A second formulation was prepared on December 2, 2004 (Day 0) at a target concentration of

3.02 mg/mL (0.01 M) in 95% ethanol by accurately weighing 151.00:1 0.50 mg into a 50-mL volumetric flask.

The flask was diluted to -80% volume with 95% ethanol, sealed and mixed welL. The flask was diluted to

volume with 95% ethanol and mixed welL. Approximately 18 mL were dispensed into an amber glass bottle,

sealed and stored refrigerated. A formulation sample aliquot was prepared for analysis on Days 0, 27, 54, 83

and 173 for storage stability determination.

5.3 Analysis Method

Vehicle/calibration standards, blanks with and without is were prepared as described in the validation

experiment (Section 4.3.1) ofthis report.

In triplicate, 1 mL ofthe formulation and 1 mL ofIS were pipetted into three individual 10-mL

volumetric flasks, diluted to volume with methanol, sealed and mixed welL. An appropriate volume of each was

transferred to an autoinjector vial and the vials were sealed and analyzed using the chromatographic system in

Table 1.

5.4 Results

The results from the storage stability study are shown in Table 5 and presented in control chart format in

Figure 3.
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Table 5 - Formulation Storage Stabilty Results (3.02 mg/mL)

Preparation Analysis D Det'd Cone Avg Det'd Cone % of Day 0 Cone
Date Date ay (mg/mL) m /mL) I s is

11/1 0/04 11/10/04 0 2.871 2.873 2.928 2.89HO.032 ioO.OiO.3

11/1 0/04 11/24/04 14 3.080 3.085 3.149 3.080iO.071 106.5i2.5

12/2/04 12/2/04 0 3.005 3.022 3.005 3.01HO.OI0 ioO.0:t0.3

12/2/04 12/29/04 27 3.168 3.123 3.117 3.136iO.028 104.2iO.9

12/2/04 1/25/05 54 3.008 3.126 3.110 3.08HO.064 102.3i2.1

12/2/04 2/23/05 83 3.027 3.131 3.216 3.125:t0.095 103 .8i3.1

12/2/04 5/24/05 173 3.126 3.142 3.129 3.133iO.008 104.HO.03

For the sample prepared 11/10/04, the pooled relative standard deviation of the analytical method was

1.9%. This means that there would have to be a difference of more than 4.4% from the Day 0 value for the

difference to be statistically significant at a 95% confidence leveL.

For the sample prepared 12/2/04, the pooled relative standard deviation of the analytical method was

1.8%. This means that there would have to be a difference of more than 4.0% from the Day 0 value for the

difference to be statistically significant at a 95% confidence leveL.
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Figure 3 - Control Charts for the Storage Stabilty Studies
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5.5 Discussion and Conclusions

The concentration of the samples stored at approximately 5°C protected from light in amber glass vials

for Day 14 was above the upper significance level but was within 6.5% of the Day 0 value (prepared 11/10/04).

Concentrations for Day 54 and 83 samples were within the upper and lower significance levels and Day 27 and

Day 173 were just above the upper significant leveL. A linear trend analysis indicated there was no significant

trend to changing concentration over time for the samples. These data indicate the formulation was stable when

stored protected from light at approximately 5°C for 173 days.

6 FORMULATION PREPARTIONS AND ANALYSES

Formulations were prepared and analyzed on 12/2/04, 1/25/05,3/21/05 and 6/27/05 according to SOP No.

COMSPEC.II-027, "Standard Operating Procedure (SOP) for the Formulation and Analysis of

4-Hydroxyandrbstenedione (4-0H ASDN) in 95% EthanoL" This section describes the method, results, and

conclusions.

6.1 Preparation of Formulations

An accurate weight of 151.00:1 0.50 mg of 4-0H ASDN was added to a 50-mL volumetric flask. The

flask was diluted to ~80% volume with 95% ethanol, sealed and mixed welL. The flask was diluted to volume

with 95% ethanol and mixed well. This produced a target concentration of3.02 mg/mL (0.01 M) 4-0H ASDN

in 95% ethanoL.

6.2 Preparation of Standards and Blanks

Standards and blanks were prepared as described for the method validation, Section 4.3.1 of this report.

6.3 Preparation of Formulation Samples

One (1) mL of the formulation and I-mL ofIS were pipetted into three individual 10-mL volumetric

flasks, diluted to volume with methanol, sealed, and mixed welL.

6.4 Analysis

Auto injector vials were filled with aliquots of each standard, blank and sample. A single injection was

made from each vial using the GC conditions from the method validation (Table 1).

6.5 Calculations

The peaks for 4-hydroxyandrostenedione and the is were integrated for each injection by the

chromatography data system. Any peak with improper integration was manually reintegrated. A linear

regression equation weighted 1/x was calculated relating the response ratio (4-hydroxyandrostenedione/IS) (y)

to the concentration of the vehicle/calibration standards (x). This regression equation and the response ratios
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were used to calculate the concentration in each standard and formulation sample. The percent relative error for

each standard was calculated by subtracting the nominal value from the determined value, dividing by the

nominal value, and then multiplying by 100. The percent relative error for each formulation sample was

calculated by subtracting the target value from the determined value, dividing by the target value, and then

multiplying by 100. The average determined concentration, standard deviation, and percent relative standard

deviation were calculated for the vehicle/calibration standards and formulation samples when applicable.

6.6 Results

Specificity is shown by the representative overlaid chromatograms ofthe high and low standards, blank

with internal standard and a blank presented in Figure 4.
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Figure 4 - Representative Overlaid Chromatograms of a High and Low Vehicle/Calibration Standard,
Blank with is, and Blank from Formulation Analysis Batch l-ASDN and Batch 2-ASDN (Shown Top to

Bottom)
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The regression analysis results of the vehicle/calibration standard curves indicated linearity and are

shown in Table 6.

Slope y-Intereept Correlation Coeffcient Standard EI"lor

Table 6 -Regression Analysis Results

0.0038

0.0035

0.0036

0.0038

-0.0140

-0.0037

-0.0251

-0.0218

0.9999

1.000

0.9999

0.9999

0.0117

0.0061

0.0100

0.0104

The results of the formulation analyses are shown in Table 7.

Table 7 - Formulation Analysis Results

Batch Detd Cone (mg/mL) Avg Det'd Cone (mg/mL) Avg % RE % RSD

1 -ASDN

2-ASDN

3-ASDN

4-ASDN

3.005

3.056

3.112

2.943

3.022

3.089

3.053

2.945

3.005

3.049

3.063

2.950

3.011

3.065

3.076

2.946

-0.3

1.
1.9

-2.5

0.3

0.7

1.0

0.1

The formulations met acceptance criteria (RE within 10% of target and RSD of:S 10%).

6.7 Conclusions

The average concentration of the stock formulations and their percent relative standard deviation were

within acceptance criteria. Therefore the formulations were suitable for use.
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Introduction
The objective of this work is to determine the radiochemical purity of the (3H1ASDN to be

used in the conduct of W A 4-16 and W A 4-17. . The criteria for acceptance of the material for this
use is 95% radiochemical purity as determined by high performance liquid chromatography
(HPLC) and liquid scintilation counting.

Materials and Methods
(3H1Androstenedione ((3H)ASDN) of lot number 3538496 was received from Perkin Elmer

Life Science (Boston, MA).

The radiochemical purity of the tH1ASDN (1 :100 dilution in ethanol) was determined
using high performance liquid chromatography (HPLC) and liquid scintillation counting. The
HPLC system consists of a Waters 2690 Separations Module, a Waters 2487 Dual" Absorbance
Detector and a ß-RAM Model 3 flow-through radioactivity detector (IN/US, Inc., Tampa, FL) with a
250 ilL glass scintilant celL. Data was collected using Waters Millennium32 ClienVServer
Chromatography Data System Software, Version 4.0.

The HPLC method used a Zorbax Rx-C18 column (4.6 x 250 mm) with a mobile phase of
55:15:30 (v:v:v) distilled, deionized water: tetrahydrofuran: methanol and a flow rate of 1 mUmin.
The eluant was monitored by ultraviolet (UV) absorbance at 240 nm and by a flow-through
radiochemical detector. Eluant fractions were collected manually into vials containing ca. 10 mL
Ultima Gold and assayed for radiochemical content by liquid scintillation spectrometry (LSS)

Results
The HPLC radiochromatogram of the (3H)ASDN, lot number 3538496, is presented in

Figure 1. The measured radiochemical purity of the (3H)ASDN was 97%.

Figure 1. HPLC Radiochromatogram of (3H)ASDN
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Conclusion
(3H)ASDN, lot number 3538496, is acceptable for use on WA 4-16 and WA 4-17.
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This report discusses the methods and results of the intralaboratory statistical analysis on
the data collected at In Vitro with the recombinant aromatase assay in the 4-0H ASDN positive
control inhibitor study.

Summary and Conclusions

Statistical analyses were carred out on the percent of control responses for aromatase
activity in three independent replicates. Within each replicate three repeat tubes were run at each
of six graded concentrations of the positive control inhibitor 4-0H ASDN. Additionally two full
enzyme activity control tubes and two background activity control tubes were ru at the
beginning of each replicate and two full enzyme activity controls and two background activity
controls were run at the end.

Concentration response curves were fitted within each replicate to describe the relation
between 4-0H ASDN concentration and extent of inhibition. The concentration response curves
were summarized by the ICso (concentration corresponding to 50 percent inhibition) and slope.
Results were compared across replicates. il addition full enzyme activity control and
background activity control tube responses were compared between beginning and end of each
replicate to identify differences within replicates and differences across replicates.

The following results were obtained:

1. The concentration response cures were similar across the three replicates.

2. Replicate 2 had a slightly lower estimated ICso than replicates 1 and 3.

3. For the background activity controls, the measurements at the end were less than those at

the beginning, in replicates 1 and 2. For the full enzyme activity controls the average
percent of control response at the end were lower than at the beginning for all three
replicates.

4. For the background activity controls averaged across replicates there were not significant

differences between the beginning and the end portions. For the full enzyme activity
controls averaged across replicates there was a highly signficant difference between the
beginning and the end portions. The end was lower than the beginning. The varation of
portion (end vs. beginning) effects among replicates was estimated to be zero.

Introduction and Background

Task 3 of the Recombinant Aromatase Validation Study involves the individual
laboratories independently carrying out the recombinant aromatase assay with positive control
inhibitor 4-0H ASDN according to a common protocol. This report discusses the methods and
results of the intralaboratory statistical analysis performed on the experimental data collected by
il Vitro. Aromatase activity levels were determined for the full enzyme activity control 

i , the

1 Full enzyme activity control. Full assay with no inhibitor substance. Ethyl alcohol vehicle is included.
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background activity controf, and for six graded concentrations of positive control inhibitor 4-
OH ASDN.

Three replicates of the positive control inhibitor study were carred out. Within each
replicate three repetitions were ru at each of the 4-0H ASDN log (base 10) concentrations -6,
-7, -7.3, -7.6, -8, and -9. In addition two repeat tubes of the full enzyme activity control and
background activity control controls were run prior to the 4-0H ASDN runs and two repeat tubes
of the full enzyme activity control and background activity control were run following the 4-0H
ASDN runs.

Statistical analyses were cared out on the "percent of control" responses. Percent of
control is defined as the ratio of the (background corrected) aromatase activity in the tube under
consideration to the average (background corrected) aromatase activity among the four full
enzyme activity control tubes within the replicate, times 100. The average percent of control
among the four full enzyme activity control tubes is necessarly 100 percent within each
replicate. The average percent of control among the four background activity control tubes is
necessarily 0 percent.

Nominally for an inhibitor the percent of control activity values vary between
approximately 0% near the high inhibition concentrations and approximately 100% near the low
inhibition concentrations, but ths may vary with the inhibitor.

Objectives

The primary objectives ofthe statistical analysis are:

1. Fit concentration cures withi each replicate to describe the trend in the percent of
control activity across varyng inhibitor concentrations oftest substance 4-0H ASDN.

2. Estimate the ICso concentration, slope, and associated standard errors within each

replicate.
3. Combine results across replicates to determine the average ICso concentration, average

slope, and associated standard errors.
4. Determine whether there are differences between the full enzyme activity control and

background activity control obtained at the beginning and those obtained at the end of
each replicate.

5. Assess the consistency of conditions within replicates and across replicates based on the

full enzyme activity control and background activity control values.

2Background activity control. NADPH cofactor is omitted from the assay. Only nonspecific background response

should occur. Ethyl alcohol vehicle is included.
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Statistical Analysis Methods

Concentration Response Trend Curves

Within each replicate a concentration response curve was fitted to the percent of control
activity values at the three repetitions at each of the six graded 4-0H ASDN inhibitor
concentrations.

For puroses of response curve fitting, concentration was expressed on the log scale. In
agreement with past convention, common 10gárthms (i.e base 10) were used. Let X denote the
logarithm of the concentration of inhibitor compound (e.g. if concentration = 10-s then X = -5).
Let

Y == (background corrected) percent of control in the inhibitor tube
X == logarithm (base 10) of the concentration
DA VG == average (not corrected for background) DPMs across the repeat tubes with the

same inhbitor concentration
ß == slope of the concentration response curve (ß is negative)

i- == 10gioICso (ICso is the concentration corresponding to percent of control equal to 50%)

The following two parameter concentration response curve was fitted to relate percent of control
activity to logarthm of concentration within each replicate

Y =100/(1 + lO(ii-x)ß) + E

where E is the variation among repetitions, distributed with mean 0 and variance proportional to
DA VG (based on Poisson distribution theory for radiation counts) and also approximately
proportional to the response Y.

The response curve was fitted by weighted least squares nonlinear regression analysis
with weights equal to IN. This weighting system gives greater weight to the lower end of the
concentration response curve, where greater inhibition occurs.

Model fits were carred out using PRISM softare (Version 4). Observed percent of
control values above 100% were set to 99.5%. Observed percent of control values below 0%
were set to 0.5%. This adjustment tacitly assumes an upper bound of 100% on the concentration
response curve and a lower bound of 0%.

For each replicate the estimated 10gioICso (fA) and its associated standard error, the ICso
and its associated geometric standard error, the slope (ß) and its associated standard error, and
the "Status" of each response curve are reported. The "Status" of each response curve is
indicated as "C", complete, if the concentration response curve inhibition ranges from essentially
o percent to 1 00 percent of control. Otherwise it is indicated as "II", incomplete but can
interpolate to 10gioICso or "IX", incomplete but must extrapolate to loglOICso.
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For each replicate the individual percent of control values were plotted versus logarithm
of inhibitor compound concentration. The fitted concentration response curve was superimposed
on the same plot. These plots display the data, the fitted response curves in relation to these data,
and deviations from the fits.

One-way random effects analysis of varance models with heterogeneous variances
among the replicates were fitted to the parameter estimates, 10gioICso (il) and slope (ß), from the
concentration response cure fits within each replicate, using weights incorporating within
replicate varances. The random effect was replicate. The within replicate varances were
estimated as the squares of the standard errors for each replicate. The analysis of variances fits
provide estimated weighted averages effects (mean) across the replicates and their associated
standard errors. Degrees of freedom associated with the mean effects were calculated based on
Satterthwaite's approximation.

The estimated ICso for the test substance was estimated as 10 to the power mean
10giQICso. The geometrc standard error associated with the estimated ICso was estimated as 10 to
the power standard error associated with mean 10g¡oICso.

Slope (ß) and 10gioICso (il) was compared across replicates based on this one-way
random effects analysis of varance model fit. For each of ß and i-, plots were prepared that
display the parameters within each replicate with associated 95% confidence intervals based on
the within replicate standard error and the average across replicates with associated 95%
confidence interval incorporating replicate-to-replicate varation.

Concentration response cures were fitted to the averages of the three repetitions within
each replicate. Estimates and associated standard errors (or geometric standard error) for
10gioICso (¡.), ICso, and slope (ß) were displayed. The averages ofthe three repetitions for each
of the three replicates were plotted in the same plot with plotting symbols distinguishing among
replicates. The concentration response cures for each replicate, fitted to the average data, were
superimposed on the same plot to compare the percent of control activity values across
replicates.

On a separate plot the average percent of control values for each of the three replicates
were plotted versus logarithm of inhibitor concentrat~ons. The average concentration response
curve across replicates was superimposed on the same plot. The average response cure was
calculated as

Yavg = 100/( 1 + 10 ßavg(¡.avg - X))

where ßavg and. Ilavg were estimated across the three replicates, based on the random effects one-
way analysis of varance model discussed above.

All concentration response curves were fitted to the data using the non-linear regression
analysis features in the PRISM statistical analysis package, Version 4. Supplemental statistical
analyses and displays such as summary tables, graphical displays, analysis of varance, and
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multiple comparsons were carred out using PRISM and the SAS statistical analysis system-
Version 9.

Analysis of Variance of Full Enzyme Activity Controls and Background Activity Controls
Across Replicates

Within each replicate quadrplicate repetitions were made of the full enzyme activity
control and the background activity control responses. Halfthe repetitions were cared out at
the beginning of the replicate and half at the end. If the test conditions were consistent
throughout the replicate, the control tube responses at the begÍnning should be equivalent to
those at the end.

The control responses were expressed as percent of control. The full enzyme activity
control and background activity control percent of control responses were plotted across
replicates, with plotting symbol distinguishing between beginning and end, and with reference
line 0% (background activity control) or 100% (full enzyme activity control). These plots
indicate the extent of consistency across replicates with respect to average value and variability,
and provide comparisons of beginning versus end of each replicate. Additional plots were
prepared displaying the difference of the average ofthe first two percent of control values (i.e.
those based on the "beginnng" tubes) and the average of the last two percent of control values
(i.e. those based on the "end" tubes) across replicates. Each plot has a reference line of O.

Mixed effects analysis of varance models were fitted to the background activity control
and to the full enzyme activity control data. The fixed effect factor in the analysis of varance
was portion (beginning or end). The random effects were replicate and portion by replicate
interaction. The residual error varation was based on the varation among repetitions within
replicate and portion. The response was percent of control. For the background activity and full
enzyme activity controls the average of the repetitions within a replicate are constrained to be 0
and 100 respectively, which implies that the variation associated with the replication effect is
necessarly constrained to be O.

This analysis was carred out using the SAS statistical analysis system, Version 9.

Statistical Analysis Results

The percent of control responses are displayed in Table A- 1 for each replicate and for
each 4-0H ASDN (log¡o) concentration. The percent of control responses for full enzyme
activity background activity control and background activity control are displayed in Table A-2,
sorted by replicate and beginning and end within replicate.

Concentration response curves were fitted separately to the repeat tubes data within each
replicate and to the averages of the repetitions within each replicate (Table A-I). The parameters
of these fitted concentration response curves are displayed in Table 1. The individual repetition
data within each replicate are plotted in Figure A- 1 through Figure A-3 with the corresponding
fitted concentration response curves superimposed in each figure. Figure 1 displays the three
concentration response curves fitted to the averages of the three repetitions within each replicate.
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All three concentration curves were similar. (Table 1 and Figure 1).

The parameters of the average concentration response curve, based on random effects
analysis of variance model fits with replicate as a random effect are displayed in Table 1. The
average concentration response cure, along with the averages of three repetitions within each
replicate, are plotted together in Figue 2.

The parameter estimates fòr each replicate and the average parameter estimates across
replicates and the associated 95% confidence intervals are displayed in Table 2, and graphed in
Figure 3 for loglOICso (il) and Figure 4 for slope (ß). The estimated values for the 10gioICsos and
the slopes (ß) for the three replicates are all close to the averages.

The results of analyses of variance for these estimates are presented in Table 3. For each
replicate the squares of the standard errors associated with each parameter are given. These
estimates include only within replicate variation. Across replicates, the replicate-to-replicate
variation and the square of the standard error of the overall average are displayed. These
estimates include both within replicate variation and replicate-to-replicate variation.

For both 10gioICso and slope (ß) the replicate-to-replicate variation is within the range of

the individual replicate within-replicate variances.

The background activity control and full enzyme activity control responses for each
replicate are displayed in Table A-2. These data are plotted by replicate in Figures 5 and 6, with
plotting symbol distinguishing between beginning and end of the replicate. Figures 7 and 8 show
the differences between the averages at the beginning and at the end within each replicate (end
minus beginning). For background activity controls the averages of the two measurements at
the end are approximately 0.2% lower than those at the beginning for replicates 1 and 2 and
0.2% higher than those at the beginning for replicate 3 

(Figure 7 (end minus beginning)). The
average standard error of the background activity control differences is about 0.12%, so the
beginning and the end are about the same. For full enzyme activity control, the averages of the
two percent of controls measurements at the end are 5-12% lower than those for at the beginning
for all three replicates (Figure 8 (end minus beginning)). The average standard error of the full
enzyme activity control differences is about 2.7%, so all three replicates appear to be lower at the
end.

Mixed effects analysis of variance models were fitted to the background activity control
and full enzyme activity control data with portion as a fixed effect and with replicate and
replicate by portion interaction as random effects. The component of variation due to replicate is
constrained to be 0 by the definitions ofthe background and full enzyme activity control
responses. The results are displayed in Table 4 (beginning minus end). The left panel of the
table displays the results of the tests for the differences between the responses collected at the
beginning and at the end of a replicate. The right panel displays the estimated varance
components. No significant differences between the beginning and the end, averaged across
replicates, were observed for background activity controls. A highly significant difference
between the beginning and the end occurs for full enzyme activity controls. The end values are
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lower than the beginning values. The estimated variance for the portion by replicate interaction
is zero.

Table 1. Estimated Parameters of the Concentration Response Curve Fits by Replicate
and Averaged Across Replicates. Percent of Control Activity. Recombinant
Aromatase Assay

Replicate LogioICso (SE) ICso (GSE)d Slope (SE) Status

IndiVidual Valuesa

1 -7.104 (0.01696) 7.863x10-s (1.03982) -0.8548 (0.02434) C

2 -7.142 (0.02305) 7.218x1O-s (1.05451) -0.8514 (0.03245) C

3 -7.091 (0.01372) 8.114x10-s (1.03210) -0.9153 (0.02193) C

Meane -7.107 (0.01329) 7.811x1O-s (1.03106) -0.8771(0.02211) --

Averages Valuesb

1 -7.102 (0.01476) 7.898x10-s (1.03457) -0.8557 (0.02119) C

2 -7.140 (0.03930) 7.242x10-s (1.09471) -0.8501 (0.05520) C

3 -7.089 (0.01403) 8.139x10-s (1.03283) -0.9150 (0.02242) C

a. Concentration response cure fitted to the data collected within each replicate, with three repetitions
at each 4-0H ASDN concentration leveL.

b. Concentration response curve fitted to the averages of the three repetitions at each 4-0H ASDN
concentration level within each replicate.

c. Weighted averages of the parameter estimates across the three replicates.
d. 10 to the power ofloglOICso and 10 to the power of its associated standard error.
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Table A-L. Percent of Control Activity in Recombinant Assay by Replicate, 4-0H ASDN
Concentration Within Replicate, and Repetition Within Concentration.

Replicate Log (4-0H ASDNl Percent of Control
Repetition 1 Repetition 2 Repetition 3

-6.00 10.01 9.64 10.28
-7.00 49.15 43.37 43.00

1
-7.30 62.41 58.89 60.76
-7.60 72.78 73.45 71.33
-8.00 87.54 85.00 79.86
-9.00 99.32 89.32 96.12
-6.00 9.29 9.56 7.93
-7.00 47.83 45.80 43.98

2
-7.30 58.90 56.17 55.44
-7.60 74.03 71.86 71.14
-8.00 84.36 82.04 78.26
-9.00 93.35 87.18 90.58
-6.00 10.01 9.07 8.38

-7.00 46.65 43.55 43.76

3 -7.30 63.64 62.52 60.09
-7.60 76.92 72.60 74.16
-8.00 84.67 83.95 92.36

. -9.00 94.33 94.38 97.13

Draft Report A-1 October 2005



Table A-2. Background Activity Control and Full Enzyme Activity Control Corrected
Aromatase Activity by Replicate and Portion (Beginning or End).
Recombinant Aromatase Assay.

Aromatase
Replicate Portion Corrected

% of ControiaActivity Activity
Beginng 0.00057 0.32177

Begining -0.00020 -0.11004
1 End 0.00007 0.04168

End -0.00045 -0.25341

Beginng 0.00031 0.17303
Background Beginng 0.00006 0.03572

Activity Control 2
End -0.00028 -0.15458

End -0.00010 -0.05417

Beginng 0.00029 0.09833

Beginng -0.00078 -0.26759
3

End -0.00041 -0.14165

End 0.00090 0.31091

Beginng 0.19644 110.70880

Beginng 0.1 6829 94.84376
1

End 0.17449 98.34151

End 0.17053 96.10593

Beginng 0.19815 110.39717
Full Activity Beginng 0.17996 100.26338

Control 2
End 0.17013 94.78698

End 0.16971 94.55246

Begining 0.30542 104.98985

3
Beginng 0.31086 106.86002

End 0.27966 96.13552

End 0.26767 92.01460

a. The corrected aromatase activity values were divided by the average of the four FEAC
control activity values within each replicate, and expressed as percent of control.

Draft Report Ä-2 October 2005
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Part 160), October 16, 1989; the United States EPA Good Laboratory Practice Standards (40
CFR Part 792), September 18, 1989; the standard operating procedures of WIL Research
Laboratories, LLC, and the protocol as approved by the Sponsor, with the following exceptions.
The Sponsor has assured GLP compliance of the initial chemical analyses (Appendix E) of the
bulk chemicals for identity and purity and the preparation of stock formulations.

Intralaboratory data requiring statistical analysis were analyzed by BioST AT Consultants,
Inc., following the current procedural guidelines of BioST AT Consultants, Inc. BioST AT
Consultants, Inc. provided a statistical analysis report, which is included as Appendix H. Quality
Assurance auditing of the statistical report (for internal consistency with the study report) was
conducted under the direction of the Quality Assurance Unit of WIL Research Laboratories, LLC.

Quality Assurance findiiigs, derived from the inspections during the conduct of the study
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study were those specified in the protocol, its amendments and the standard operating
procedures of WIL Research Laboratories, LLC.

The raw data and draft report were audited by the WIL Quality Assurance Unit prior to
submission to the Sponsor to assure that the Final Report accurately describes the conduct and
the findings of the study. Quality control (QC) and quality assurance (QA) procedures followed
those outlined in the Quality Assurance Project Plan (QAPP) that was prepared for this study
(Appendix C).
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12/29/2004 Test Article Dilution 12/29/2004 112712005 AD Deppe

12/29/2004 Aromatase Assay Preparation 12/29/2004 112712005 AD Deppe

Study Records (A-1)
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1/13,14/2005 (12/28-30/2004) 1/14/2005 2/16/2005 J. House

1/18/2005 Protocol Amendment I Review 1/18/2005 2/16/2005 T. Booth
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2/1-3/2005 Aromatase Assay Data Spreadsheets 2/3/2005 3/25/2005 J. House

3/18/2005 Protocol Amendment II Review 6/912005 7/25/2005 P. Brant

4/12-13/2005 Supplemental Audit (Replicates 4 to 6) 4/13/2005 5/28/2005 ES Crawford

5/15,16/2005 Draft Report 5116/2005 6/29/2005 ES Crawford
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1.0 Executive Summary

The recombinant microsomal aromatase assay combines microsomes, substrate,
appropriate cofactors and test chemicals in a common reaction vessel under optimized conditions
for the enzyme. The effect of the test chemicals on microsomal enzyme activity is evaluated by
measuring the amount of product formed by the enzyme-catalyzed substrate oxidation. The
aromatase assay is conducted over a range of concentrations such that a dose response curve
can be developed and an ICso calculated to determine the amount of test chemical required to
inhibit aromatase activity by 50%. The general purpose of this assay is to screen potential
endocrine disruptors for aromatase inhibition. This specific study was undertaken to demonstrate
the conduct and responsiveness of the recombinant microsome aromatase assay at WIL
Research Laboratories, LLC (a participating laboratory in the inter-laboratory validation) using the
known aromatase inhibitor 4-hydroxyandrostenedione (4-0H ASDN) as a positive control
(Work Assignment (WA) 4-17, Task 3).

The results of this positive control study using recombinant microsomes and the known
aromatase inhibitor 4-0H ASDN were as expected, based on the prevalidation work
(WA 2-24 and 4-10), the training data (WA 4-16, Task 3) and WA 4-16, Task 4 (WIL-431 

006).
Generally, 4-0H ASDN at concentrations ranging from 1 x1 0-9M to 1 x1 0-6M resulted in a sigmoidal
dose response curve ranging from no inhibition (enzyme retained 99.83 percent of control
activity) to almost full inhibition (6.77 percent of control activity), respectively. The overall ICso in
this study for 4-0H ASDN was 65.5 nM (arithmetic mean). The Full Enzyme and Background
Activity Controls demonstrated that the conditions were constant throughout each successful
replicate test and that there was no background activity that might interfere with the interpretation
of the results.

The responsiveness of the recombinant microsome aromatase assay using the known
aromatase inhibitor 4-0H ASDN as a positive control was successfully validated in this
laboratory. Additional testing of this recombinant microsome assay using ten potential aromatase
inhibitors will be evaluated under WA 4-17, Task 4 (WIL-431 011).

2.0 Introduction

2.1 Background

The Food Quality Protection Act of 1996 was enacted by Congress to authorize the EPA
to implement a screening program on pesticides and other chemicals found in food or water
sources for endocrine effects in humans. Thus, the U.S. EPA is implementing an Endocrine
Disruptor Screening Program (EDSP). In this program, comprehensive toxicological and
ecotoxicological screens and tests are being developed for identifying and characterizing the
endocrine effects of various environmental contaminants, industrial chemicals and pesticides.
The program's aim is to develop a two-tiered approach, e.g., a combination of in vitro and in vivo
mammalian and ecotoxicological screens (Tier 1) and a set of in vivo tests (Tier 2) for identifying
and characterizing endocrine effects of pesticides, industrial chemicals and environmental
contaminants. Validation of the individual screens and tests is required, and the Endocrine
Disruptor Methods Validation Advisory Committee will provide advice and counsel on the
validation assays.

Estrogens are sex steroid hormones that are necessary for female reproduction and
affect the development of secondary sex characteristics of females. Estrogens are
biosynthesized from cholesterol by a series of enzymatic steps, with the last step involving the
conversion of androgens into estrogens by the enzyme aromatase. Estrogen biosynthesis occurs
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primarily in the ovary in mature, premenopausal women. During pregnancy, the placenta is the
main source of estrogen biosynthesis and pathways for production change. Small amounts of
these hormones are also synthesized by the testes in the male and by the adrenal cortex, the
hypothalamus, and the anterior pituitary in both sexes. The major source of estrogens in both
postmenopausal women and men occurs in extraglandular sites, particularly in adipose tissue.
One potential endocrine target for environmental chemicals is the enzyme aromatase, which
catalyzes the biosynthesis of estrogens. An aromatase assay is proposed as one of the Tier 1
Screening Battery Alternate Methods. A detailed literature review on aromatase was performed
and encompassed (1) searching the literature databases, (2) contacting individuals to obtain
information on unpublished research, and (3) evaluating the literature and personal
communications.

Aromatase is a cytochrome P450 enzyme complex responsible for estrogen biosynthesis
and converts androgens, such as testosterone and androstenedione, into the estrogens estradiol
and estrone. Aromatase is present in the ovary, placenta, uterus, testis, brain, and extraglandular
adipose tissues. Two proteins, cytochrome P450arom and NADPH-cytochrome P450 reductase,
are necessary for enzymatic activity, and the enzyme complex is localized in the smooth
endoplasmic reticulum. The aromatase gene, designated CYP19, encodes the cytochrome
P450arom and consists of 10 exons, with the exact size of the gene exceeding 70 kilobases.

Aromatase is found in breast tissue, and the importance of intratumoral aromatase and local
estrogen production is being unraveled. Effective aromatase inhibitors have been developed as
therapeutic agents for estrogen-dependent breast cancer to reduce the growth stimulatory effects
of estrogens in breast cancer. Investigations on the development of aromatase inhibitors began
in the 1970s and have expanded greatly in the past three decades.

An in vitro aromatase assay could easily be used as an alternative screening method in
the Tier 1 Screening Battery to assess the potential effects of various environmental toxicants on
aromatase activity. Both in vitro subcellular (microsomal) assays and cell-based assays are
available for measuring aromatase activity. The in vitro subcellular assay using human placental
microsomes is commonly used to evaluate the ability of pharmaceuticals and environmental
chemicals to inhibit aromatase activity. In addition, human JEG-3 and JAR choriocarcinoma cell
culture lines, originally isolated from cytotrophoblasts of malignant recombinant tissues, have
been used as in vitro systems for measuring the effects of compounds on aromatase activity.
These cell lines are also used for investigations on the effects of agents in recombinant
toxicology.

Numerous flavonoids and related phytoestrogen derivatives have been extensively
evaluated for their ability to inhibit aromatase activity for two primary reasons: (1) these natural
plant products can serve as possible leads for the development of new nonsteroidal aromatase
inhibitors; and (2) humans and other animals are exposed to these agents through the diet. In
general, the flavonoids and related analogs demonstrate aromatase inhibition with ICso values in
the micromolar range; however, these compounds lack both the potency and specificity of
aromatase inhibitors developed for breast cancer therapy. Several pesticides have also
demonstrated inhibition of aromatase activity in the human placental microsomal assay system,
with ICso values for aromatase inhibition ranging from 0.04 i-M to greater than 50 i-M.

The human recombinant microsomal aromatase assay was recommended as an in vitro
aromatase screening assay to be included in the Tier 1 Screening Battery. This assay should
detect environmental toxicants that possess the ability to inhibit aromatase activity. Prevalidation
studies on recombinant aromatase (WA 2-24) were conducted to optimize the microsomal
aromatase assay protocol for recombinant microsomes, demonstrate the utility of the microsomal
assay to detect known aromatase inhibitors, and compare the performance of a recombinant
assay system and the placental microsomal assays. Concerns with this initial work involving high
variability in some assay replicates and partial inhibition curves were addressed in a
supplemental prevalidation study (WA 4-10). The objective of the current work assignment is to
use the now optimized assay to obtain intra- and inter-laboratory assay variability estimates to
complete the validation of the human recombinant microsome aromatase assay.
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2.2 Task Description and Objectives

WIL Research Laboratories, LLC was selected as one of the participating laboratories in
the inter-laboratory validation of the recombinant aromatase assay as part of the Endocrine
Disruptor Screening Program. The objective of this task in the validation process overseen by the
EPA was to demonstrate the responsiveness of the recombinant microsome aromatase assay at
WIL Research Laboratories, LLC using the known aromatase inhibitor 4-0H ADSN as a positive
control.

3.0 Materials and Methods

3.1 Substrate

The substrate for the aromatase assay was androstenedione (ASDN). Non-radiolabeled
and radiolabeled ASDN were used. The non-radiolabeled ASDN (Lot # 024K0809; reported
purity of 100%) was manufactured by Sigma-Aldrich (St. Louis, MO) and received from Battelle
Marine Science Laboratory (Sequim, WA). The radiolabeled androstenedione ((1 ß_3HJ-
androstenedione, eHJASDN, Lot # 3538-496), was obtained from Perkin Elmer Life Science
(Boston, MA) and had a reported specific activity of 25.30 Ci/mmol. Radiochemical purity was
reported by the supplier to be )- 97%. Radiochemical purity was assessed by the lead laboratory
using high performance liquid chromatography (HPLC). The results of this analysis are
presented in the report contained in Appendix D.

A mixture of ASDN and (3HJASDN was made such that the final concentration of ASDN in
the assay was 100 nM, and each assay tube contained 0.1 i-Ci. This was accomplished by
preparing a 100-fold dilution of the radiolabeled stock in buffer. In addition, a 1 mg/mL stock
solution of ASDN in ethanol was prepared, and then dilutions of the stock were made in buffer to
a final concentration of 1 i-g/mL. To make 8 mL of substrate solution (enough for 80 tubes), 4.5
mL of the 1 i-g/mL solution of ASDN, 800 i-L of the eHJASDN dilution and 2.7 mL of buffer were
combined. For accuracy, the weight of each component added to the substrate solution was
recorded. To determine the specific activity of the ASDN substrate, aliquots of substrate solution
(approximately 20 i-L, weighed) were combined with scintillation cocktail for radiochemical
content analysis.

3.2 Test and Vehicle Control Substances

The Sponsor's Chemical Repository was responsible for chemistry activities required to
perform this study. Their responsibilities included chemical procurement, solubility, formulation
stability assessment, formulation preparation, formulation analysis and shipment of stock
formulation to the participating laboratories. These chemistry activities and results are described
in the Sponsor's Chemistry report which is appended to this document (Appendix E).

When the test chemicals arrived at WIL Research Laboratories, LLC, they were assigned
a unique code number (MET-XXXXY, e.g., MET-0252A), which was recorded and dated on the
log-in sheet as specified in WIL standard operating procedures. Also recorded on the log-in
sheet was the label identification information, quantity received, storage conditions, storage
location, and a physical description of the materiaL. Any documents accompanying the shipment
were filed with the log-in sheet.
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Test Chemical Information 

Stock Target Stock
Chemical Chemical Mfr. CAS Molecular Molecular

Solution
Formulation

Vehicle Storage
name code Purity No. formula weight

ID
Concentration Conditions

(mg/mL)

4..
Androsten- 4-0H 99%' 566-

C19H2603 3024 MET-
3.02 95% -5"C4-01-3,17 ASDN 48-3 0252A Ethanol

dione

'Test chemical characterization data in Appendix E.

The test chemical, 4-0H ASDN, was received as a 0.01 M stock solution in ethanoL. This
solution was used to create a 0.0001 M secondary stock solution by diluting 20 i-L to 2 mL in 95%
ethanoL. To prepare solutions of appropriate concentration, the dilution scheme outlined in the
following table was followed. These dilutions were prepared fresh each day of the assay.

Test Chemical Dilutions

4-0H ASDN
Stock solution Diluent Solution Target Concentration

(¡JL Ethanol) Concentration (M) in Assay (M)

¡JL M

4-0H ASDN 1000 1 X 10-4 0 1 x 10-4 1 X 106
Concentration 1

4-0H ASDN
100 1 X 10-4 900 1 X 10-5 1 X 10-7

Concentration 2

4-0H ASDN
50 1 X 10-4 950 5 x 10-6 5 X 10-8

Concentration 3

4-0H ASDN
25 1 X 104 975 2.5 x 10-6 2.5 X 10-8

Concentration 4

4-0H ASDN
100 1 x 10-5 900 1 x 10-6 1 X 108

Concentration 5

4-0H ASDN
100 1x106 900 1 x 10-7 1 X 10-9

Concentration 6

3.3 Microsomes

Human recombinant microsomes from baculovirus were received as multiple frozen
aliquots from RTI International, who acquired the microsomes from GentespM (Human CYP19 +
P450 Reductase SUPERSOMES, Woburn, MA). Upon receipt, the sample code number
MET-0254A was assigned and the microsomes were stored between approximately -70 to
-80°C. On the day of the assay, microsomes were thawed rapidly in a 37 :t 1°C water bath,
re-homogenized using a Potter Elvejhem homogenizer and then kept on ice until used. Fresh
aliquots of microsomes were used for each assay. The reported protein concentration was
4.9 mg/mL. Using this figure, a 20-fold dilution was made to a concentration of approximately
0.25 mg/mL. The actual protein concentration of this dilution was determined using the protein
assay described in section 3.5. A second dilution was made to achieve the final 0.008 mg/mL
working stock of microsomes.
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3.4 Other assay components

Assay Reagents - Information

Chemical Supplier Lot Number

NADPH Sigma-Aldrich 103K7046

Propylene glycol J. T. Baker Y41659

Sodium phosphate dibasic J.T Baker A 11 H37

Sodium phosphate monobasic J.T Baker A28H21

Test/control vehicle A - Ethanol, 95% Sponsor SW0045

3.4.1 NADPH

Nicotinamide adenine dinucleotide phosphate (NADPH, reduced form tetrasodium salt) is
a required cofactor for aromatase activity. As such, it was included in excess in the aromatase
assay. First, 0.025 g NADPH was weighed and transferred to a 5-mL volumetric flask to make a
5 mg/mL solution in phosphate buffer (see Section 3.4.2.). Adding 100 i-L of this NADPH solution
to the reaction mixture resulted in a final assay concentration of 0.3 mM. NADPH was prepared
fresh every assay day and was stored on ice until added to the reaction mixture.

3.4.2 Assay Buffer

Sodium phosphate monobasic and sodium phosphate dibasic solutions (0.1 M each)
were combined in an approximate 2:8 ratio to create a final 0.1 M pH 7.4 solution. The assay
buffer was stored refrigerated for up to one month.

3.5 Protein Determination

The protein concentration of the microsome preparation was determined on each day of
use of the microsomes in the aromatase assay. A 6-point standard curve was prepared, ranging
from approximately 0.12 to 1.4 mg protein/mL. The protein standards were made from bovine
serum albumin (BSA). Protein concentration was determined using a DC Protein Assay kit
purchased from Bio-Rad (Hercules, CA). To a 25-i-L aliquot of unknown or standard, 125 i-L of
BioRad DC Protein Kit Reagent A was added and mixed. Next, 1 mL of BioRad DC Protein Kit
Reagent B was added to each standard or unknown and the samples were vortex mixed. The
samples were allowed to sit at room temperature for at least 15 minutes to allow for color
development. The absorbances were stable for about 1 hour. Each sample (unknown and
standards) was transferred to appropriate cuvettes and the absorbance (750 nm) was measured
using a spectrophotometer. The protein concentration of the microsomal sample was determined
by extrapolation of the absorbance value using the curve developed using the protein standards.

3.6 Cytochrome P450 Aromatase (CYP19) Activity

Aromatase activity was determined via an in vitro screening assay using human
recombinant microsomes provided by RTI International (purchased from GentesPM) as
summarized in Appendix B. The assays were performed in 13x1 00 mm glass test tubes. Each
test tube was uniquely identified with replicate, repetition, and group information summarized in
the following table as necessary to differentiate the tubes. In addition to tubes containing test
chemical, Full Enzyme Activity Controls (includes vehicle but no test chemical) and Background
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Activity Controls (tubes contain no test chemical or NADPH cofactor) were used to determine
100% and 0% activity.

Assay Design - Single Replicate

Repetitions Test Chemical
Sample TypelGroup Description Concentration

(test tubes)
(M final)

Full Enzyme Activity Control-Beginning 2
Complete assay" with reference

N/Achemical vehicle control
Complete assay with reference

Background Activity Control-Beginning 2 chemical vehicle control omitting N/A
NADPH

4-0H ASDN Concentration 1 3
Complete assay with

1 x 10.£4-0H ASDN added

4-0H ASDN Concentration 2 3
Complete assay with

1 x 10-74-0H ASDN added

4-0H ASDN Concentration 3 3
Complete assay with

5 x 10-84-0H ASDN added

4-0H ASDN Concentration 4 3
Complete assay with 2.5x10-84-0H ASDN added

4-0H ASDN Concentration 5 3
Complete assay with

1 x 10-84-0H ASDN added

4-0H ASDN Concentration 6 3
Complete assay with

1 x 10-94-0H ASDN added

Full Enzyme Activity Control-End 2
Complete assay with reference

N/Achemical vehicle control

Background Activity Control-End Complete assay with reference
2 chemical vehicle control omitting N/A

NADPH
'The complete assay contains buffer, propylene glycol, microsomal protein, substrate and NADPH
N/A = Not Applicable

Propylene glycol (100 i-L), ASDN substrate solution (100 i-L), NADPH (100 i-L, excluded
from background control), and vehicle or test chemical (20 i-L) were added to the appropriate test
tube with buffer to make 1 mL total volume. Microsomes were diluted to the appropriate
concentration as detailed in section 3.3 and used within 2 hours of thawing. Both the reaction
mixture and the microsomes were incubated at 37 :! 1 DC independently for at least 5 minutes.
The reactions were initiated by the addition of diluted microsomes (1 mL) to each reaction
mixture, with each assay tube initiated at 15 second intervals. Each assay tube was incubated at
37 :! 1 DC for 15 minutes. At the conclusion of the reaction time, tubes were quenched with 2.0
mL of methylene chloride in the order in which microsomes had been added, one every 15
seconds. The tubes were vortex-mixed for approximately 5 seconds and placed on ice until all
tubes were quenched. The tubes were then vortex-mixed for an additional 20 to 25 seconds. The
tubes were centrifuged for 10 minutes at approximately 162 x g to facilitate separation of the
organic and aqueous layers. The methylene chloride layers were removed and discarded; the
aqueous layers were extracted again with methylene chloride (2 mL). This extraction procedure
was performed one additional time. The aqueous layers were transferred to vials and duplicate
aliquots (0.5 mL) were transferred to 20-mL liquid scintillation counting vials. Liquid scintillation
cocktail (Ultima Gold, Packard Bio Sciences, approximately 10 mL) was added to each counting
vial and shaken to mix the solution.

Analysis of the samples was performed using a liquid scintillation counter (LSC).
Radiolabel found in the aqueous fractions represents (3H) OH formed from the hydrolysis of
(3H) ASDN. One (3H) OH molecule is released per molecule of radiolabeled ASDN converted to
estrogen in a stereospecific reaction. Thus, the amount of estrogen product formed is determined
by dividing the total amount of eH) OH formed by the specific activity of the (3H) ASDN substrate
(expressed in DPM/nmol). Results are presented as the activity (velocity) of the enzyme reaction.
The activity of the enzyme reaction is expressed in nmol(mg proteinf1min-1 and was calculated by
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dividing the amount of estrogen formed by the product of milligram microsomal protein used and
incubation time, i.e.. 15 minutes. (See Section 3.7)

Each assay replicate was performed on the day shown in the following table. The same
technician performed each replicate. Three replicates were completed on December 28, 29 and
30, 2004. The results of those three replicates are documented in the study records and are
summarized in Appendix G. These first three replicates were deemed unacceptable because the
concentration of microsomes analyzed in the protein assay was below the range of the standard
curve. The three additional replicates conducted in April were authorized by the EPA and are
discussed in this report as Replicates 1, 2, and 3 (Appendix F).

Assay Dales by Technician
Replicate Date Technician

1 4/6/2005 JG
2 4/7/2005 JG
3 4/8/2005 JG

3.7 Data Analysis

Relevant data were entered into the latest version of the MicrosoftlI Excel spreadsheet
Aromatase_Master_ Version1.2.xls (where 1 and 2 denote version number designation) for
calculation .of aromatase activity and percent of control. Data recorded included assay date and
run number, technician, chemical and log chemical concentration, total DPM minus background
DPM, and percent activity. For each aqueous sample after extraction the spreadsheet calculated
DPM/mL for each aliquot counted, average DPM/mL per aliquot, and total sample DPM. Total
assay DPM was calculated by the multiplication of the volume of substrate solution added to the
incubation by the substrate solution radiochemical content (DPM 1 g, assume 1 g/mL) and yields
the total DPM present in the assay tube at initiation. Background DPM was calculated as the
average of the DPM present in the aqueous portion for the background tubes, and was
subtracted from total sample DPM for all samples to provide DPM for calculating aromatase
activity. This corrected DPM is then converted to nmol product formed by dividing by the
substrate specific activity (DPM/nmol). The activity of the enzyme reaction is expressed in
nmol(mg proteinf1 min-1 and is calculated by dividing the amount of estrogen formed (nmol) by
the product of milligram microsomal protein used and the incubation time.

The average activity in the Full Enzyme Activity Control samples for a given replicate was
calculated. Percent of control activity remaining in the presence of various inhibitor
concentrations was calculated by dividing the aromatase activity at a given concentration by the
average Full Enzyme Activity Control and multiplying by 100. Thus, the average percent activity
across the four Background Activity repeat tubes must necessarily equal 0 within each replicate
and the average percent activity across the four Full Enzyme Activity Control tubes must
necessarily equal 100 within each replicate. Although percent of control values ideally vary
between 0% near high inhibitor concentrations and 100% near low inhibitor concentrations,
individual experimental percent of control activity values sometimes extended below 0% or above
100%. For curve fitting, observed individual percent activity values above 100% were set to
99.5%, and values below 0% were set to 0.5%

Percent of control activity data was exported to Prism (GraphPad, San Diego) for curve
fitting. ICso was calculated using Prism (v. 4.02) software to fit the percent of control activity
versus log concentration data to a curve using the following equation:

Y = 100/(1 +1 O((LogICsO-Xj*Hill SiOpe))

where X is the logarithm of inhibitor concentration and Y is the percent of activity. The software
incorporated a weighting factor for the percent of activity values of 1/Y. As shown, the curve
fitting equation uses the fixed value of 100 as the numerator. An alternative was to use a four-
parameter equation that estimates the top and bottom plateau from the percent of control activity
values. Fixing the top and bottom boundary permitted estimation of the ICso value on inhibition
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curves that did not span the entire inhibition range from 100% to 0%. Each response curve was
classified in the following manner: complete curves showed inhibition from 0 to 100% for any
particular chemical, incomplete curves showed at least 50% inhibition but did not span the entire
range, and chemicals that resulted in less than 80% inhibition across the inhibitor concentration
range were not inhibitors. The addition of 4-0H ASDN resulted in a complete inhibition curve,
and the concentration response fits were performed for each replicate. The resultant i- (log ICso)
and ß (Hill slope) summarize the extent of aromatase inhibition. The average value and standard
error of log ICso and ß were calculated based on a one-way random effects analysis of variance
model fit. For each replicate the estimated log ICso (i-), the within replicate standard error of i-,
the ICso, and the slope (ß) are displayed in a table (Section 4.6).

Slope and log ICso were also compared across replicates based on random effects
analysis of variance, treating the replicates as random effects with mean ßavg and i-avg. ß and i-
were estimated, separately within each replicate, and plotted along with the average across
replicates, where

Yavg = 100/(1 +1 O(~avg-X)f3avgJ

The associated 95% confidence interval from the analysis of variance across replicates is
also displayed on separate plots for ß and i-.

Microsoft(i Excel was used to calculate mathematical averages, standard deviations, and
standard errors of the mean in order to assess the variation between repetitions (within a single
replicate) and between replicates.

Within each replicate, quadruplicate repetitions were made of the Background Activity
Control tubes and the Full Enzyme Activity Control tubes. Half the repetitions were carried out at
the beginning of the replicate and half at the end. The control tubes at the beginning were
equivalent to those at the end. The average of the four Background Activity Controls within a
replicate must necessarily be 0 and the average of the four Full Enzyme Activity Controls within a
replicate must necessarily be 100 when reported as a percent of control. The two beginning
controls and the two end controls were plotted by replicate with plotting symbol distinguishing
between beginning and end, and with reference line 0% (Background Activity) or 100% (Full
Enzyme Activity Control) respectively. These plots display the extent of consistency across
replicates with respect to average value and variability and provide comparisons of beginning
versus end of each replicate.

Two-way analysis of variance was performed separately for the Full Enzyme Activity
Control tubes and the Background Activity Control tubes. The factors in the analysis of variance
were replicate, portion (beginning or end), and replicate by portion interaction. The error
corresponds to repetition within replicate and portion. The response was percent of control
aromatase activity. Because the daily replicates were in control, the portion main effect and
portion by replicate interaction were non-significant. Note that the replicate effects are
necessarily zero because of the constrained totals within each replicate. For the purposes of
evaluation, replicate was treated as a fixed effect. The portion by replicate interaction was not
significant. The portion effect within each replicate and the portion effect averaged across
replicates, and associated 95% confidence intervals, are also presented graphically.

3.8 Data Retention

The Sponsor has title to all documentation records, raw data, specimens or other work
product generated during the performance of the study. All work product generated by WIL
Research Laboratories, LLC, including raw paper data and pertinent electronic storage media,
are retained in the Archives at WIL Research Laboratories, LLC, as specified in the study
protocol. Data generated by BioSTAT Consultants, Inc. will be maintained in the archives at WIL
Research Laboratories, LLC. Data generated by the Sponsor will be maintained as defined in the
Sponsor's applicable standard operating procedures. Pertinent electronic storage media and the
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original final report are retained in the Archives at WIL Research Laboratories, LLC, in
compliance with regulatory requirements.

4.0 Results

4.1 Radiochemical Purity
Purity Report: Appendix D

The radiochemical purity of the (3HJASDN was determined by RTI International to be
97%. The final concentration of the substrate (ASDN + (3HJASDN) used in replicates 1, 2, and 3
was 0.585, 0.575, and 0.580 i-g ASDN per gram of solution, respectively. The specific activity of
the substrate for each replicate is shown in the following table. The concentration and specific
activity of the substrate was used to calculate the aromatase activity in the assay.

Assay Substrate Analysis Results

Radiochemical Radiochemical Stock Assay Substrate Final Substrate soln

Code RadiochemicallD Concentration Concentration (fJg/g) Specific Activity
(uCi/q) IASDN + r3H1ASDN) (dpm/nmol)

¡'H1ASDN MET-0251A 0.632 0.585 687417

¡'HjASDN MET-0251A 0.684 0.575 757235

¡'HjASDN MET-0251A 0.750 0.580 821771

4.2 Stock Formulation Analysis (Test Chemical)

Stock formulation analysis was performed by the sponsor, as reported in Appendix E.

Briefly, solubility and formulation analyses showed that the 3.02 mg/mL 4-0H ASDN
stock formulation provided to the laboratories for this study was within the acceptance criteria for
both average concentration and percent relative standard deviation between replicates. In
addition, the formulation was found to be stable for 173 days.

Test Chemical Stock Solution Results

Test Chemical Code Test ChemicallD Stock Solution Concentration Stock Solution Expiration Date

4-0H ASDN MET-0252A 3.02 mg/mL 05/24/2005

4.3 Protein Analysis (Microsomes)

The protein concentration of each microsomal preparation was determined on the day
that the microsomes were used in the assay. The concentration of microsomes used was 6.76,
7.28, and 5.88 mg/mL for replicates 1, 2 and 3 respectively.
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Protein Analysis Results

Replicate Assay Date
Protein stock concentration

(mg/mL, measured)

1 4/6/2005 6.76

2 4/7/2005 7.28

3 4/8/2005 5.88

4.4 Control Aromatase Activity
Figure 1 - Summary of Full Enzyme Activity Results
Figure 2 - Summary of Background Enzyme Activity Results
Appendix F - Individual Replicate Spreadsheets

Full Enzyme Activity Controls were conducted in duplicate at the beginning and end of
each assay. The following table presents the mean beginning, end and overall activities
(nmol(mg proteinr1 min-1) within and among replicates. Figure 1 presents the individual Full
Enzyme Aromatase Activity values and the percent of control values for each replicate and a
graphical representation of the data. For Replicates 1, 2, and 3, the mean percent of control
(beginning, end) values were (99.5,100.5), (100.6, 99.4), and (100.7,99.3), respectively,
indicating that the conditions were constant within each replicate. The overall percent of control
across replicates for the beginning portion was 100.3 and the end portion was 99.7, indicating
that the conditions were constant across each replicate test.

Full Enzyme Activity Control Aromatase Activity
Beginning End Wittiin Re licate Mean Overall Mean

Replicate (nmol(mg (nmol(mg Mean SD Sem %CV Mean SD Sem %CV
proteinr' min-1) proteinr' min-1)

1 0.271 0.274 0.272 0.005 0.002 1.77
2 0.256 0.253 0.254 0.011 0.006 4.36 0.284 0.032 0.009 11.4%
3 0.328 0.323 0.326 0.005 0.003 1.62

In comparison with the Full Enzyme Activity for Replicates 1 through 3 shown above
(average of 0.284 nmol(mg proteinr1 min-1), the Full Enzyme Activity for the 12/28/04, 12/29/04
and 12/30/04 replicates were 0.345, 0.396, and 0.595 nmol(mg proteinr1 min-1, respectively, with
an average of 0.445 :! 0.132. The activity of these replicates was higher than expected.
Inspection of the method revealed that the high activity was associated with the incorrect
identification of the protein concentration of the microsomal stock (the solution being analyzed fell
below the range of the standard curve of the protein assay). Therefore, the enzyme
concentration was underestimated and resulted in an overestimation of the final aromatase
activity (enzyme concentration is in the denominator of the equation used to determine activity).
Changing the dilution scheme of the microsomes for Replicates 1 through 3 ensured that the
concentration of the first dilution of microsomes was within the range of the standard curve
resulting in the activity values shown in the preceding table.

Background Activity Controls were conducted in duplicate at the beginning and end of
each assay. Figure 2 presents the individual Background Activity values and the percent of
control values from each replicate and a graphical representation of the data. The aromatase
activity in these control samples was negligible, indicating that there was no Background Activity
(potentially caused by nonspecific turnover of reactant to product, or unintentional NADPH
contamination) that might interfere with the interpretation of the results. There were negligible
differences between the beginning and end Background Activity values per replicate, indicating
that the conditions were constant throughout each replicate test (see Appendix F, Individual
Replicate Spreadsheets).
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4.5 Test Chemical Aromatase Activity
Figure 3 - Plot of 4-0H ASDN Inhibition Replicate 1
Figure 4 - Plot of 4-0H ASDN Inhibition Replicate 2
Figure 5 - Plot of 4-0H ASDN Inhibition Replicate 3
Figure 6 - Plot of Average 4-0H ASDN Inhibition Per Replicate

Increasing the concentration of the test chemical (4-0H ASDN) inhibited control
aromatase activity in a dose responsive manner. Low intra-assay variability was characterized by
a coeffcient of variance of less than 8% across triplicate samples (tubes) at all concentrationsd lan replicates.

Test Chemical Aromatase Activity - Percent of Control

Log Percent of Control Overall
Test chemical Repl (test

chemical) Tube 1 Tube 2 Tube 3 Mean s.d. s.e.m. %CV

4-0H ASDN 1 -6.00 7.13 7.38 7.54 7.35 0.21 0.12 2.81
4-0H ASDN 1 -7.00 4263 40.54 40.76 41.31 115 0.66 2.78
4-0H ASDN 1 -7.30 58.03 58.90 17.43a 58.46 0.62 0.36 1.05
4-0H ASDN 1 -7.60 76.81 72.53 73.52 74.29 2.24 1.29 3.01
4-0H ASDN 1 -8.00 89.60 92.60 91.77 91.32 1.55 0.89 1.70
4-0H ASDN 1 -9.00 104.39 99.62 102.51 102.17 2.41 1.39 2.35
4-0H ASDN 2 -6.00 632 6.45 6.76 6.51 0.22 0.13 3.44
4-0H ASDN 2 -7.00 3774 37.31 37.47 37.51 0.21 0.12 0.57
4-0H ASDN 2 -7.30 56.26 56.47 53.38 55.37 1.73 1.00 3.13
4-0H ASDN 2 -7.60 71.20 69.05 69.26 69.84 1.19 0.68 1.70
4-0H ASDN 2 -8.00 85.72 88.46 86.66 86.95 1.40 0.81 1.60
4-0H ASDN 2 -9.00 99.44 97.60 98.16 98.40 0.94 0.54 0.96
4-0H ASDN 3 -600 5.89 6.64 6.81 6.45 0.49 0.28 7.59
4-0H ASDN 3 -7.00 36.57 38.69 38.90 38.05 1.29 0.74 3.39
4-0H ASDN 3 -7.30 52.48 53.86 54.76 53.70 1.15 0.66 2.13
4-0H ASDN 3 -7.60 67.87 76.43 71.26 71.85 4.31 2.49 6.00
4-0H ASDN 3 -800 86.67 96.28 84.92 89.29 6.11 3.53 6.85
4-0H ASDN 3 -9.00 97.90 103.29 95.56 98.92 3.96 2.29 4.01
a
- Indicates value was not included in analysis

As shown in the following table, the inter-assay coeffcient of variation in percent of
control across replicates was also less than 8%. The highest concentration of 4-0H ASDN
(1 x 106 M) inhibited aromatase activity to a mean of 6.77% of the Full Enzyme Activity Control.
Decreasing concentrations of 4-0H ASDN resulted in decreased enzyme inhibition characterized
by increased percent of control activity. This inhibition by 4-0H ASDN was characterized by a
sigmoidal dose response (See Figures 3,4, 5 and 6). The lowest concentration of 4-0H ASDN
(1 x 10-9 M) did not inhibit aromatase activity (98.40-102.17% of control; see following table, and
Appendix F, Individual Replicate Spreadsheets).

Mean Test Chemical Aromatase Activity - Percent of Control

Test Log Mean Percent of Control Overall Percent of Control
Chemical (test

Chemicall Repl1 Repl2 Repl3 Mean s.d. s.e.m. %CV
4-0H ASDN -6.00 7.35 6.51 6.45 6.77 0.50 0.29 7.45
4-0H ASDN -7.00 41.31 37.51 38.05 38.96 2.06 1.19 5.28
4-0H ASDN -7.30 58.46 55.37 53.70 55.85 2.42 1.40 4.33
4-0H ASDN -7.60 74.29 69.84 71.85 71.99 2.23 1.29 3.10
4-0H ASDN -8.00 91.32 86.95 89.29 89.19 2.19 1.26 2.46
4-0H ASDN -9.00 102.17 98.40 98.92 99.83 2.05 118 2.05
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4.6 ICso and Slope Determination

Figure 7 - Overall 4-0H ASDN Inhibition Response Curve
Figure 8 - Response Curve Summary Table - Log ICso (i-) Results
Figure 9 - Response Curve Summary Table - Hill Slope (ß) Results

Based on the curve fit to the percent of control aromatase activity across six
concentrations of 4-0H ASDN, the calculated ICso values were 73.1, 61.2, and 62.1 nM for
Replicates 1, 2, and 3, respectively. The overall curve fit to the data from the three replicates
resulted in an ICso of 65.5 nM based on arithmetic calculation of the mean. The inter-assay
variability (%CV) of the arithmetic ICso determination was 10.1 %. Using the statistical method
described in Section 3.7, the overalllCso based on i-AVG and ßAVG was 65.3 nM (See Figure 7).

The Log ICso (i-) and 95% confidence interval is plotted per replicate and across replicates in
Figure 8. The ß (slope) and associated 95% confidence interval is plotted per replicate and
across replicates in Figure 9. The inter-assay variability (%CV) of the slope determination was
less than 2%.

ICso and Slope Results
Test Repli Log s.e. lCso Slope (ß) Status

Overall
chemical cate (ICsoJ 10g(ICsoJ (nM) (se) ICso SD sem %CV

1 -7.136 0.011 73.11 -0.9929 Complete
(0.0196)

4-0H
2 -7.213 0.007 61.24 -0.9689 Complete 65.48 6.63 3.83 10.1ASDN (0.0130)

3 -7.207 0.016 62.09 -0.9866 Complete
(0.0301)

Status = codes as described in the statistical analysis section that describe the curve fit that led to
the ICso calculation.

4.7 Statistical Analysis
The Full Enzyme Activity and Background Activity Control values among replicates were

analyzed by two-way analysis of variance with the percent of control aromatase activity as the
response variable. Replicate by portion (beginning and end) interactions were not significant.
P-values for replicate, portion, and replicate by portion are presented in Appendix H (Statistical
Analysis Report). The mean percent of control aromatase activity values are presented
graphically by portion (beginning and end) in Figures 1 Band 2B. In addition, estimates for the
LSMeans and 95% Confidence Intervals are presented for percent of control aromatase activity
across replicates.

The Log ICso (i-) and slope (ß) were subjected to random effects analysis of variance to
determine the within replicate standard error (see table in Section 4.6, ICso and Slope
Determination). Log ICso and slope were also compared across replicates based on random
effects analysis of variance using i-AVG and ßAVG' The overall Log ICso value was -7.185 (95%
confidence interval of -7.293 to -7.078) resulting in the finallCso value of 65.3 nM. The overall
slope was -0.977 (95% confidence interval of -1.021 to -0.934).

5.0 Discussion
The results of this positive control study using commercially available human

recombinant microsomes from baculovirus and the known aromatase inhibitor 4-0H ASDN were
as expected based on the prevalidation work (WA 2-24 and 4-10), the training data (WA 4-16,
Task 3) and the results of WA 4-16 Task 4 (WIL-431 006). Generally, treating the microsomes
with 1 x1 0-9 to 1 x1 0-6 M 4-0H ASDN resulted in a sigmoidal dose response curve ranging from no
inhibition (99.83% of control) to almost full inhibition (6.77%). Therefore, the response curves
were considered complete curves. The overalllCso in this study for 4-0H ASDN was 65.5 nM
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(arithmetic mean). The Full Enzyme and Background Activity Controls demonstrated that the
conditions were constant throughout each successful replicate test and that there was no
background activity that might interfere with the interpretation of the results.

A potential problem arose, which was identified by unusually high Full Enzyme Activity
Controls in replicates conducted on 12/28/04,12/29/04 and 12/30/04. Inspection of the data
worksheets revealed that the concentration of the microsomes in the protein assay were below
the range of the standard curve. Protein concentrations outside the range of the standard curve
may not be correctly calculated. If the protein concentration was underestimated by the protein
assay, the aromatase activity would be high, as activity is calculated per milligram of protein. The
replicates were repeated (Replicates 1, 2, and 3) with an adjusted microsome dilution scheme to
ensure that the solution being assayed for protein concentration was within the range of the
standard curve. The average activity for the December replicates was
0.445 :t 0.132 nmol(mg proteinf1 min-1, calculated using 4.6 :t 0.8 m~/mL protein. The average
activity for Replicates 1 through 3 was 0.28 :t 0.03 nmol(mg proteinf min-1, calculated using
6.6 :t 0.7 mg/mL protein.

6.0 Conclusion
The response of the recombinant human aromatase in baculovirus microsomes using the

known aromatase inhibitor 4-hydroxyandrostenedione as a positive control was successfully
validated in this laboratory. Additional testing of this microsomal system using nine additional test
chemicals is planned under WA 4-17, Task 4 (WIL-431011).
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Figure 4. Plot of 4-0H ASDN Inhibition
Replicate 2
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Figure 5. Plot of 4-0H ASDN Inhibition
Replicate 3
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Figure 6. Plot of Average
4-0H ASDN Inhibition Per Replicate
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aromatase eqn

Best-fit values
LOGEC50 -7.136 -7.213 -7.207
HILLSLOPE -0.9929 -0.9689 -0.9866

Std. Error

LOGEC50 0.01078 0.006991 0.01557
HILLSLOPE 0.01961 0.01298 0.03007

95% Confidence Intervals
LOGEC50 -7.159 to -7.113 -7.228 to -7.198 -7.240 to -7.174
HILLSLOPE -1.035 to -0.9511 -0.9965 to -0.9414 -1.050 to -0.9229

Goodness of Fit
Degrees of Freedom 15 16 16
R2 (unweighted) 0.9965 0.9984 0.9901
Weighted Sum of Squares (1/Y) 0.8578 0.4352 2.213
Absolute Sum of Squares 62.16 27.12 174.3
Sy.x 2.036 1.302 3.300

Data
Number of X values 6 6 6
Number of Y replicates 3 3 3
Total number of values 17 18 18
Number of missing values 1 0 0
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Figure 7. Overall4-0H ASDN Inhibition
Response Curve
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Figure 8. Response Curve Summary Table - LOG IC50

Replicate Status Values Std. Error 95% Confidence Level

i- LOG IC50 1 C -7.136 0.011 -7.159 -7.113
i- LOG IC50 2 C -7.213 0.007 -7.228 -7.1 98

i- LOG IC50 3 C -7.207 0.016 -7.240 -7.174

i- (avg) A VG LOG IC50 -7.185 0.025 -7.293 -7.078
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Figure 9. Response Curve Summary Table - Hill Slope

Replicate Status Values Std. Error 95% Confidence Level

ß HILLSLOPE 1 C -0.9929 0.020 -1.035 -0.951

ß HILLSLOPE 2 C -0.9689 0.013 -0.997 -0.941
ß HILLSLOPE 3 C -0.9866 0.030 -1.050 -0.923

ß (avg) AVG HILLSLOPE -0.977 0.01 -1.021 -0.934
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PROTOCOL AMENDMENT I

Sponsor: Battelle Memorial Institute

EPA Contract No.: 68-W-OL-023

A. Title of Shidy:

Validation of the Recombinant Microsomal Aromatase Assay: Positive Control Study
(WA4-17, Task 3)

B. Protocol Additions/Modifications:

I) 4.2.3 Lot Number:

This section is changed to the following:

SW0045

2) 9 DATA ANALYSIS:

This entire section is changed to the following:

The data to be reported will include the following information: assay
date and run number, technician, chemical and log chemical

concentration, total DPM-background DPM, and % activity. The
average of the DPMs for the background tubes should be subtracted
from the tubes with Total DPMs to provide DPMs for specific
aromatase activity. A spreadsheet will be developed by the lead

laboratory that will be used to process the data into a final form for
analysis and evaluation. A working document detailing the conversion
of the data from DPMs to nmol, as well as the actual methods for
calculations of the final aromatase activity will be distributed to the
laboratories. This process is briefly summarized below.

The spreadsheet calculates DPM/mL for each aliquot of extracted
aqueous incubation mixture and average DPM/mL and total DPM for
each aqueous pOltion (after extraction). Multiplication of the volume
(mL) of substrate solution added to the incubation by the substrate
solution radiochemical content (DPM/mL) yields the total DPM
present in the assay tube at initiation. The total DPM remaining in the
aqueous portion after extraction divided by the total DPM present in
the assay tube at initiation times 100 yields the percent of the substrate
that was converted to product. The total DPM remaining in the
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aqueous portion after extraction is corrected for background by

subtracting the average DPM present in the aqueous portion of the
background activity tubes (for that day/assay). This corrected DPM is
then converted to nmol product formed by dividing by the substrate
specific activity (DPM/nmol). The activity of the enzyme reaction is
expressed in nmol (mg proteiny1min-1 and is calculated by dividing the
amount of estrogen formed (nmol) by the product of mg microsomal
protein used times the incubation time_ Average activity in the full
enzyme activity control samples for a given Study is calculated.
Percent of control activity remaining in the presence of various

inhibitor concentrations is calculated by dividing the aromatase

activity at a given concentration by the average full enzyme activity
control and multiplying by 100.

ICso will be calculated using Prism (Version 3 or higher) software to fit
the percent of control activity and log concentration data to a curve
using the following equation:

Y =100/(1 + lO((LogICSO.X)*HiIlSIOpe))

Where: X is the logarithm of concentration
Y is the percent activity

The data will be formatted as follows (data from replicates 1 and 3 will
be presented in an appendix to the report):

. One spreadsheet or table will display the DPMs for all

assay tubes, calculations of activity (nmol (mg proteinr1min-
1) etc.

. Another table will present the results of the analysis of

variability of the assay and will include:

(1) the variation between repetitions within a single replicate
of the assay,

(2) the day to day (replicate-to-replicate) variation, and
(3) technician varation

. Graphs of activity versus log chemical concentration.

. Table of ICsos by date, run, technician, assay method.

~m: i
Jt:m
~!fii¡.ii. 'ii ¡iH' ~ _ ~

!!l1 l.i~ !!U r.b l(í.".......
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3) 10 STATISTICAL ANALYSES:

This entire section is changed to the following:

10.1 Concentration Response Fits for the Test Substance

For the test substance multiple independent replicates of the

concentration response curve fit were canied out. The number of
replicates conducted were three. Full enzyme activity and background
activity control percent activity values wil be compared across daily
replicate tests for each test substance.

For each replicate two repeat tubes of the full enzyme activity controls
and the background activity controls will be prepared prior to the
preparation of the repetitions of the inhibitor compound and two repeat
tubes of the full enzyme activity controls and the background activity
controls wil be prepared after the repetitions of the inhibitor compound
are prepared. Three repetitions wil be prepared for each level of the
inhibitor compound (4-0H ASDN).

For each repetition at each level the Excel database spreadsheet will

include total DPMs per tube (corrected for background DPMs) and total
aromatase activity per tube. The aromatase activity is calculated as the
(background corrected) DPM, normalized by the specific activity of the
r3HJASDN, the mg of protein of the aromatase, and the incubation time.
The aromatase activity is corrected for the background DPMs, as
measured by the average of the background activity tubes. Percent
activity is the (background corrected) aromatase activity divided by the
average of the aromatase activity in the full enzyme activity control
tubes, multiplied by 100. Thus the average percent activity across the
four background activity repeat tubes must necessarly equal 0 within
each replicate and the average percent activity across the four full
enzyme activity repeat tubes must necessarily equal 100 within each
replicate. The total DPM values are not corrected for background.

Nominally one might expect for an inhibitor the percent of control
activity values to vary between approximately 0% near the high
inhibition concentrations and approximately 100% near the low
inhibition concentrations. However individual experimental percent of
control activity values will sometimes extend below 0% or above 100%.

Concentration response trend curves will be fitted to the percent of
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control activity values within each replicate at each inhibitor
concentration. Concentration is expressed on the log scale. In

agreement with past convention, logarthms will be common logarthms
(i.e. base 10). Let X denote the logarthm of the concentration of

inhibitor compound (e.g. if concentration = 1O-s then X = -5). Let

Y == percent of control activity in the inhibitor tube

X == logarithm (base 10) of the concentration

DA VG == average DPMs across the repeat tubes with the same
inhibitor concentration

ß == slope of the concentration response curve (ß will be negative)
¡. == logloICso (ICso is the concentration corresponding to percent of

control activity equal to 50%)

The following concentration response curve will be fitted to relate
percent of control activity to logarithm of concentration within each

replicate:

Y = 100/(1 + 1O(~-X)ßJ + ¡;

where ¡; is the varation among repetitions, distributed with mean 0 and
variance proportonal to DA VO (based on Poisson distribution theory
for radiation counts). The varance is approximated by Y.

The response curve will be fitted by weighted least squares nonlinear
regression analysis with weights equal to L/Y. Model fits will be carned
out using Prism software (Version 3 or higher). Observed individual

percent activity values above 100% will be set to 99.5%. Observed
individual percent activity values below 0% will be set to 0.5%.1

The concentration response fits will be carned out for each replicate test.
Based on the results of the fit within each replicate the extent of
aromatase inhibition wil be summarized as ICso (10 ¡.) and slope (ß).
The estimated ICso for the inhibitor will be a (weighted) geometric mean
across the replicates. The estimated overall standard error will be based
on the standard errors within each replicate and the replicate-to-replicate
varability. The average value and standard en'Or of 10glOICso or ß can be

calculated based on a one-way random effects analysis of variance
model fit.

i This adjustment tacitly assumes an upper bound of 100% and a lower bound of 0%. Fixing these bounds

rather than permitting PRISM to fit variable Top and Bottom parameters permits estimation of the lCso
concentration on inhibition curves that do not span the entire inhibition range from 100% to 0%.
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For each test substance and replicate the estimated 10gioICso (¡.), the
within replicate standard error of ¡., the ICso, the slope (ß), the within
replicate standard error of ß, and the "Status" of each response curve wil
be displayed in a table. The "Status" of each response curve is indicated

as:

"C" Complete. i.e. ranging from essentially 0 percent to 100 percent of
control.
"II" Incomplete. But can interpolate to 10gioICso.

"IX" Incomplete. But must extrapolate to 10gioICso.

Replicates for which a concentration response curve cannot be fitted
(and so an ICso cannot be estimated) will be referred to as
"noninhibitors".

10.2 Graphical and Analvsis of Variance Comparisons Among
Concentration Response Curve Fits

For each replicate the individual percent of control values will be plotted
versus logarthm of the inhibitor compound concentration. The fitted
concentration response curve will be superimposed on the plot.
Individual plots wil be prepared for each replicate.

Additional plots will be prepared to compare the percent of control
activity values across replicates. For each replicate the average percent
of control values will be plotted versus logarthm of inhibitor
concentration on the same plot. Plotting symbols will distinguish among
replicates. The fitted concentration response curve for each replicate

will be superimposed on the plot. On a separate plot the average percent
of control values for each replicate will be plotted versus logarithm of
inhibitor compound concentration. The average concentration response
curve across replicates will be superimposed on the same plot.

For each replicate treat (ß, ¡.) as a random variable with mean (ßavg, ¡.avg).

Let X and Y (0 0( Y 0( 100) denote logarthm of concentration and
percent of control, as defined above.

The average response curve is

Yavg = 100/(1 + 10 ßavg(~avg - Xl)
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Slope (ß) and 10glOICso (il) will also be compared across replicates based
on random effects analysis of varance, treating the replicates as random
effects. ß and il are estimated, separately within each replicate, and

plotted along with the average across replicates and associated 95%
confidence interval across replicates (including replicate-to-replicate
variation).

10.3 Full Enzyme Activity and Back2round Actiyity Control Values

Across Replicates:

Within each replicate, quadruplicate repetitions will be made of the
background activity tubes and the full enzyme activity control tubes.
Half the repetitions will be camed out at the beginning of the replicate
and half at the end. If the conditions are constant throughout the

replicate test, the control tubes at the beginning should be equivalent to
those at the end. To assess whether this is the case the control responses
will be combined across replicates and expressed as percent of full
enzyme activity control activity. The average of the four background
activity samples within a replicate must necessarily be 0 and the average
of the four full enzyme activity controls within a replicate must
necessarily be 100. The two beginning controls and the two end controls
will be plotted by replicate with plotting symbol distinguishing between
beginning and end, and with reference line 0% (background activity) or
100% (full enzyme activity control) respectively. These plots will
display the extent of consistency across replicates with respect to

average value and varability and will provide comparisons of beginning
versus end of each replicate.

Two-way analysis of varance will be cailied out, separately for the full
enzyme activity control tubes and the background activity tubes. The
factors in the analysis of varance will be replicate, portion (beginning or
end), replicate by portion interaction. The error corresponds to repetition
within replicate and portion. The response will be percent of control
aromatase activity. If the daily replicates are in control the portion main
effect and portion by replicate interaction should be non-significant.
Note that the replicate effects will necessarly be zero because of the
constrained totals within each replicate. For the purposes of evaluation,

replicate will be treated as a fixed effect. If portion by replicate

interaction is significant the nature of the effect will be assessed by
comparng the portion effect within each replicate to the portion effect
averaged across replicates, adjusting for simultaneity by Bonferroni's
method. The portion effect within each replicate and the portion effect

'¡iff P ¡~! "l¡r ~i,i, ;100........
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averaged across replicates, and associated 95% confidence intervals, will
be presented graphically.

10.4 Statistical Software

Concentration response curves wil be fitted to the data using the non-
linear regression analysis features in the PRISM statistical analysis
package, Version 3 or higher. Supplemental statistical analyses and
displays such as summary tables, graphical displays, analysis of
variance, and multiple comparisons wil be carred out using the SAS
statistical analysis system, Version 8 or higher, or other general purpose
statistical packages (e.g. SPSS).

10.5 Interlaboratorv Statistical Analvsis

The lead laboratory and each of the paricipating laboratories will car
out "intra-laboratory" statistical analyses based on their test data,
according to this common statistical analysis plan, developed by the
Data Coordination Center (Battelle). The Data Coordination Center will
car out the "inter-laboratory" statistical analysis. It will combine
summary values developed in each of the intra-laboratory analyses to
assess relationships among the laboratory results, the extent of
laboratory-to-laboratory variation, and overall consensus estimates
among the laboratories.

4) 12 RECORDS TO BE MAINTAINED:

This first sentence in this section is changed to the following
(change in bold):

All specimens and original raw data records, as defined by WI SOPs
and the applicable GLPs, will be stored as described in Section 13 in the
Archives at WlL Research Laboratories, liC

C. Reasons for Protocol Additions/Modifications:

1) The Lot Number has been provided.

2) This entire section changed significantly at the request of the Sponsor.

3) This entire section changed significantly at the request of the Sponsor.
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4) The section referenced in this section was inadvertently listed inconectly in the
original protocol, it has been conected.

Approved By:
Battelle Memorial Institute

(\)ù IJ \l~i
\\ ¡enfrl. JohnsÖl1, .D., DAB.T.

-. Sponsor Representative

I-I q-OS
Date

Prepared By:

WIL Research Laboratories, LLC

IjI9/óÇ-

Christopher J. Bowman, Ph.D.
Study Director

Date

Vl~,~Mark D. Nemec, B.S., DAB.T.
Director, Developmental and

Reproductive Toxicology

i II J)c)Cl
Date
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A. Title of Study:

Validation ofthe Recombinant Microsomal Aromatase Assay: Positive Control Study
(WA 4-17, Task 3)

B. Protocol Additions/Modifications:

1) 3 STUDY SCHEDULE:

This section is changed to the following:

Proposed First Replicate Assay Date: December 28,2004

Proposed Last Replicate Assay Date: March 31, 2005

Proposed Unaudited Data Submission Date: April 8, 2005

Proposed Audited Repoii Date: April 27, 2005

2) 8 ICso DETERMINATION OF AROMATASE ASSAY RESULTS:

The following is added to this section:

Three additional independent experimental replicates (4th, 5th and 6th)
will be conducted under the same conditions as the first three replicates
except that adjustments will made to ensure that the protein
concentration of the microsomes fall within the range of the standard
curve in the protein assay described in section 6.

3) 9 DATA ANALYSIS:

The following is added to this section:

Data from the first 3 replicates dated December 28, 29 and 30, 2004
will be presented as an appendix to the report and referred to by date
(spreadsheets and curve fits only).
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4) 10.1 Concentration Response Fits for the Test Substance:

The first paragraph of this section is changed to the following:

For the test substance, multiple independent replicates of the

concentration response curve fit will be carred out. The number of
replicates conducted wil be six. Only the data from the 4th, 5th and 6th
replicates wil be analyzed as described in section to. The first 3
replicates wil not be analyzed as described in section 10 since the

microsomal protein determnation values were outside the range of the
protein assay standard curve. For reporting purposes, replicates 4, 5 and
6 may be referred to as replicates I, 2 and 3 in the final report. Full
enzyme activity and background activity control percent activity values
will be compared across daily replicate tests for each test substance.

C. Reasons for Protocol Additions/Modifications:

i) The study schedule has been revised based on the Sponsor request to repeat the
first three replicates (see March 14,2005 e-mail).

2) The Sponsor has requested that the first three replicates be repeated so that the
protein concentrations of the microsomes fall within the range of the standard
curve in the protein assay.

3) This statement was added to clarify that the data from the first three replicates will
only be presented as an appendix to the report.
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4) This section was changed to clarfy that only data from the last three replicates
would be presented and analyzed according to section 10. Also, clarification is
provided as to how the replicates wil be referred to in the final report.

Approved By:

Battelle Memorial Institute

J --dd-D5
Date

Prepared By:

WIL Research Laboratories, LLC

3/2 i I 0 ~

Christopher J. Bowman, Ph.D.
Study Director

Date

mNe~
Director, Developmental and

Reproductive Toxicology

3/èJ~1 ()~~
Date

\l~~;i~ J:~ -1m" ~¡)t0

...........

-44-



Project No.: WIL-431010
Battelle

EPA Contract No.: 68-W-01-023

Study Number: WI-43101O

PROTOCOL AMENDMENT II

Sponsor: Battelle Memorial Institute
EPA Contract No.: 68-W-OI-023

A. Title of Study:

Validation of the Recombinant Microsomal Aromatase Assay: Positi ve Control Study
(W A 4-17, Task 3)

B. Protocol Modification:

1) 10.3 Full Enzyme Activity and Back2round Activity Control Values
Across Replicates:

The seventh sentence of the second paragraph is changed to the
following (change in bold):

For the purposes of evaluation, replicate wil be treated as a random
effect.

C. Reason for Protocol Modification:

1) The replicate was changed from a "fixed effect" to a "random effect" to have this
effect treated consistently throughout the statistical analysis plan.

Approved By:
Battelle Memorial Institute

i\f Î\ 1"\1, I
; ¡tAfjlJ. ¡'¡~~-v
\ ;.err . Johns/.h.D., DABT.

-. Sponsor Representative

5-31- oS
Date

Prepared By:

WIL Res,.Laboratories, LLC~ ----
Chrstopher J. Bowman, Ph.D.

Study DirectorV1~~
Director, Developmental and

Reproductive Toxicology

c;/2-l lor:
Date

to ~ l2.jj(~
.

Date

WIL RESEARCH LARORi\TORlES.I'LC 1407 GEORGE ROAD ASHLAND,OH 44ß0592ßl (419) 2898700 FAX (419) 289:l650

ImprrlFing humiln/walth and protccting Wc cn vlronment through scientific research servlces.l'!
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December 8, 2004

PROTOCOL

VALIDATION OF THE RECOMBINANT MICROSOMAL
AROMATASE ASSAY: POSITIVE CONTROL STUDY (WA 4-17, TASK 3)

EPA Contract No.: 68-W-01-023

Submitted To:

Battelle Memorial Institute
505 King Avenue

Columbus, OR 43201-2693

WIL Research Laboratories, LLC
1407 George Road

Ashland, OR 44805-9281
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1 OBJECTIVE:

Task 3: Conduct of the Positive Control Studies in the Paricipating Laboratories.
WIL was selected as one of the paricipating laboratories in the interlaboratory
validation of this human recombinant microsomal aromatase assay. This protocol
describes the set of experiments to be conducted at WIL Research Laboratories, LLC.

The test system for this study is recombinant microsomes. This test system was
selected because it provides a biological source of the aromatase enzyme and, since
the assay is being evaluated for its potential to serve as a screening assay, the use of a
human recombinant microsome enhances its predictive potentiaL.

There is no applicable route of administration since the test system is a microsome.
The method used for treating the microsomes will be to mix the microsomes,

reagents, and test article in a common reaction vessel so that microsomal uptake of
the test artcle can be used to evaluate possible effects on enzymatic activity.

The objective is to demonstrate the responsiveness of the recombinant microsome
aromatase assay using the known aromatase inhibitor, 4-hydroxyandrostenedione as a
positive control.

2 PERSONNEL INVOLVED IN THE STUDY:

2.1 Sponsor Representatives:

Jeny D. Johnson, Ph.D., D.A.B.T.
Work Assignment Leader/Study Monitor
Endocrine Disruptor Screening Program
Battelle Memorial Institute
Tel: (614) 424-4499

Fax: (614) 424-5221

Email: johnsojd(ßbattelle.org

David P. Houchens, Ph.D.
Program Manager
Endocrine Disruptor Screening Program
Battelle Memorial Institute

2.2 O.S. EPA Representatives:

Gary E. Timm, M.S., M.A.
Work Assignment Manager
Endocrine Disruptor Screening Program
U.S. EPA

'1m
.;:1;
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Linda Phillips, Ph.D.
Project Officer
U.S. EPA

2.3 WIL Study Director:

Christopher 1. Bowman, Ph.D.
Staff Toxicologist, Developmental

and Reproductive Toxicology
Tel: (419) 289-8700

Fax: (419) 289-3650

Email: cbowman(Qwilresearch.com

2.4 WIL Deputy Director:

Jennifer Thomas-Wohlever, Ph.D.
Research Scientist, Metabolism

2.5 WIL Staff Involved with Study:

Joseph F. Rolson, Ph.D.
President, Director

Daniel W. Sved, Ph.D.
Director, Metabolism and Analytical Chemistry

Terry L. Johnson, Ph.D.
Associate Director, Metabolism

Donald G. Stump, Ph.D., DAB.T.
Associate Director, Developmental

and Reproductive Toxicology

Justin Godsey, B.S.
Biologist, Metabolism

Lewis E. Kaufman, M.S., RAC, RQAP-GLP
Director, Regulatory Affairs and Services

Heather L. Osborn, B.S., RQAP-GLP
Manager, Quality Assurance

Pete Resnis, B.S.
Senior Research Chemist, Metabolism
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Aimee Mahoney, B.S.
Group Supervisor, Metabolism

2.6 Statistical Analysis:

Les Freshwater, M.S.
BioSTAT Consultants, Inc.

3 STUDY SCHEDULE:

Proposed First Replicate Assay Date: December 9, 2004

Proposed Last Replicate Assay Date: December 20, 2004

Proposed Unaudited Data Submission Date: December 22,2004

Proposed Audited Report Date: January 31, 2005

4 TEST CHEMICAL DATA:

Reserve samples of the test chemical(s) used in this study will be collected by the
Sponsor and will be stored at the Sponsor's facility. Therefore, no reserve samples
for this study wil be collected by WIL Research Laboratories, LLC.

4.1 4- H vdroxvandrostenedione:

4.1.1 CAS Number:

566-48-3

4.1.2 Synonym:

4-0H ASDN, 4-Androsten-4-ol-3, 17 -dione

4.1.3 Molecular Formula/.W.

C19H2603; 302.4 g/mol

4.1.4 Supplier:

Sigma-Aldrich

4.1.5 Lot Number:

063K4069

1: 11
ii i.!CR
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4.1.6 ~rity:

99%

4.1.7 Physical Description Test Solution:

To be documented by the Sponsor.

4.1.8 Storage Conditions, Test Solution:

Refrigerated (2-8°C)

4.2 Ethanol (Vehicle):

4.2.1 CAS Number:

64-17-5

4.2.2 Synonyms:

EtOH

4.2.3 Lot Number:

To be provided by the Sponsor.

4.2.4 Purity:

To be provided by the Sponsor.

4.2.5 Storage Conditions:

Room temperature

Personnel safety data are to be provided by the Sponsor. It is the
responsibility of the Sponsor to notify the testing facility of any special
handling requirements of the test chemical stock solution. A material

safety data sheet (MSDS) will accompany the test chemical stock
solution upon anival at the laboratory.

Test chemical stock solutions formulated in ethanol will be prepared and
analyzed by the Sponsor and distributed to the laboratories. Stability of
the test chemical stock solutions in ethanol will also be conducted by the
Sponsor. Therefore, documentation that the specified test chemicals and
lot numbers were used and stored according to the Sponsor's Standard
Operating Procedures will be maintained by the Sponsor and stored at
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the Sponsor's facility. The chemistry report will be supplied by the

Sponsor and included in the final report as an appendix.

The total volume of test substance formulation used in each assay should
be no more than 1 % of the total assay volume (i.e., 20 ilL in a 2 mL
assay) in order to minimize the potential of the solvent to inhibit the
enzyme. Dilutions of the stock solution will be prepared in ethanol on
the day of use such that the target concentration of inhibitor can be
achieved by the addition of 20 ilL of the dilution to a 2 mL assay
volume.

5 ASSAY MATERIALS RECEIPT AND/OR PREPARATION

A sufficient supply of chemical reagents, radiolabeled androstenedione, and

recombinant rrcrosomes wil be obtained prior to initiation of the first set of
experiments to ensure that sufficient quantities are available to conduct the studies.
The detailed procedures for preparation of the assay substrate, assay buffer,
microsomes and NADPH solution wil be documented in the study records.

The procedure for identification of the test system will be that each test tube used in
the conduct of the aromatase assay will be uniquely identified by applying a label or
writing directly on the test tube.

5.1 Assav Substrate, r3H1ASDN

5.1.1 Substrate Name/Supplier

The substrate for the aromatase assay is androstenedione (ASDN). Non
radiolabeled and radiolabeled ASDN wil be used. The radiolabeled
androstenedione ((lß-3H)-androstenedione, CHjASDN) will be shipped
directly from the supplier (perkin Elmer). The non radiolabeled ASDN
will be provided to the laboratories by BattelIe's Chemical Respository
(CR). The CR wil forward all applicable information regarding
supplier, lot numbers and reported/measured purity for the substrate to
the laboratories and this information will be included in study reports.
The radiochemical purity of the ¡3H)ASDN (of each lot that is used) wil
be confinned by the lead laboratory (RT! International). The
radiochemical purity of the 3(H)ASDN will be greater than
approximately 95 percent. If the radiochemical purity is less than 95
percent, then the Sponsor and Study Director will be notified,

5.1.2 Preparation of Substrate Solution for use in Aromatase Assay

Since the specific activity of the stock (3H)ASDN is too high for use
directly in the assay, a solution containing a mixture of nonradiolabeled
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and radiolabeled eH)ASDN is prepared such that the final concentration
of ASDN in the assay is 100 nM and the amount of tritium added to
each incubation is about 0.1 IlCi. This substrate solution should have a

concentration of 211M with a radiochemical content of about lIiCi/mL.

The following ilustrates the preparation of a substrate solution using a
stock of eHlASDN with a specific activity of 25.3 Ci/mmol and a
concentration of 1 mCi/mL. Prepare a 100-fold dilution of the
radiolabeled stock in buffer. Prepare a 1 mg/mL solution of ASDN in
ethanol and then prepare dilutions in buffer to a final concentration of
IIlg/mL. Combine 4.5 mL of the 1 Ilg/mL solution of ASDN, 800 ILL
of the eHlASDN dilution and 2.7 mL buffer to make 8 mL of substrate
solution (enough for 80 tubes). Record the weight of each component
added to the substrate solution. After mixing the solution well, weigh

aliquots (approximately 20 ILL) and combine with scintillation cocktail
for radiochemical content analysis. The addition of 100 ILL of the

substrate solution to each 2 mL assay volume yields a final eH)ASDN
concentration of 100 nM with 0.1 IlCi/tube.

5.2 Microsomes

Recombinant microsomes will be supplied to each laboratory by the lead
laboratory (RT! International). Human recombinant microsomes wil be
obtained from Gentest™ (Woburn, MA). The product name is Human CYP19
(Aromatase) Supersomes™ and the catalog number is 456260. The
Supersomes™ package size is 0.5 nmoles cytochrome P450 in 0.5 mL.
Supplier-provided values for protein concentration, cytochrome c reductase
activity, and aromatase activity will be found on the data sheet accompanying
each shipment and will be included in the report. The microsomes must be
stored between approximately -70 and -80°C. Microsomes may be thawed and
re-frozen up to 4 times if necessary.

On the day of use, microsomes are thawed quickly in a 37 :t 1°C water bath and
then are immediately transferred to an ice bath. Use microsomes within 2 hours
of setting in the ice bath. The microsomes will be rehomogenized

(approximately 5 to 10 passes) using a Potter-Elvejhem homogenizer prior to
use. The microsomes are diluted in buffer (serial dilutions may be necessary) to
an approximate protein concentration of 0.008 mg/mL. The addition of 1 mL of
that microsome dilution will result in a final approximate protein concentration
of 0.004 mg/mL in the assay tubes. All microsome samples must be kept on ice
(no longer than 2 hours) until they are placed in the water bath just prior to their
addition to the aromatase assay.
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Caution: Microsomes can be denatured by detergents, Therefore, it is
important to ensure that all reagent flasks, test tubes, pipettes, etc. that are used
in the conduct of the assay ar free of detergent residue.

5.3 Other Assav Components

5.3.1 Buffer

The assay buffer is 0.1 M sodium phosphate buffer, pH 7.4. Sodium
phosphate monobasic and sodium phosphate dibasic are used in the
preparation of the buffer. Solutions of each reagent at 0.1 M are
prepared in distilled, deionized water and then the solutions are
combined to a final pH of 7.4. The assay buffer may be stored

refrigerated (2-8 °C) for up to one month.

5.3.2 Propylene Glycol

Propylene glycol is added directly to the assay as described in Section 7.

5.3.3 NADPH

NADPH (ß-nicotinamide adenine dinucleotide phosphate, reduced form,
tetrasodium salt) is the required co-factor for CYF19 (aromatase

enzyme). The Sponsor wil provide the NADPH to be used in the assay.
The final concentration in the assay wil be 0.3 mM. Typically, a 6 mM
stock solution is prepared in assay buffer and then 100 ilL of the stock is
added to the 2 mL assay volume. NADPH must be prepared fresh each
day and is kept on ice.

6 PROTEIN ASSAY

The protein concentration of the microsome preparation wil be determined on each
day of use of the microsomes in the aromatase assay. A 6-point standard curve wil
be prepared, ranging from 0.13 to 1.5 mg protein/mL. The protein standards will be
made from bovine serum albumin (BSA). Protein will be determned by using a DC
Protein Assay kit purchased from Bio-Rad (Hercules, CA). To a 25 tLL aliquot of
unknown or standard, 125 tLL of BioRad DC Protein Kit Reagent A will be added and
mixed. Next, 1 mL of BioRad DC Protein Kit Reagent B will be added to each
standard or unknown and the samples will be vortex mixed. The samples will be
allowed to sit at room temperature for at least 15 minutes to allow for color

development. The absorbances are stable for about 1 hour. Each sample (unknown
and standards) will be transferred to appropriate cuvettes and the absorbance

(750 nm) will be measured using a spectrophotometer. The protein concentration of
the microsomal sample will be determined by extrapolation of the absorbance value
using the curve developed using the protein standards.
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7 AROMATASE ASSAY (SEE APPENDIX A)

The assays wíl be performed in 13x100 mm test tubes maintained at 37 :t 1°C in a
shaking water bath. Propylene glycol (100 ¡,L), eHlASDN, NADPH, and buffer
(0.1 M sodium phosphate buffer, pH 7.4) will be combined in the test tubes (total
volume 1 mL). The final concentrations for the assay components are presented in
the table below.

Human Recombinant Microsomal Aromatase Assay-Optimized Conditions
Microsomal Protein 0.004 mg/mL"
NADPH 0.3 mM"

(3H)ASDN 100 nM"

Incubation Time 15 minutes
a ~ Final concentrations

The tubes and the microsomal suspension will be placed in a 37 :t 1°C water bath for
five minutes prior to initiation of the assay by the addition of 1 mL of the diluted
microsomal suspension. The total assay volume wíl be 2.0 mL, and the tubes will be
incubated for 15 minutes. The incubations will be stopped by the addition of
methylene chloride (2.0 mL); the tubes wíl be vortex-mixed for approximately 5

seconds and placed on ice. The tubes are then vortex-mixed an additional 20-25
seconds. The tubes will then be centrifuged for 10 minutes at 162 x g. The
methylene chloride layer wilI be removed and discarded; the aqueous layers are
extracted again with methylene chloride (2 mL). This extraction procedure will be
performed one additional time, each time discarding the methylene chloride layer.
The aqueous layers wíl be transferred to vials and duplicate aliquots (0.5 mL) wil be
transferred to 20-mL liquid scintílation counting vials. Liquid scintilation cocktail
(Ultima Gold, Packard, approximately 10 mL) wíl be added to each counting vial
and shaken to mix the solution. The radiochemical content of each aliquot will be
determined as described below.

Analysis of the samples wil be performed using a liquid scintilation counter (LSe).
Radiolabel found in the aqueous fractions represents 3H20 formed.

Results will be presented as the activity (velocity) of the enzyme reaction. The
amount of estrogen product formed is determined by dividing the total amount of
3H20 formed by the specific activity of the (3H)ASDN substrate (expressed in

dpm/nmol). The activity of the enzyme reaction is expressed in nmol (mg protein)
_imin-i and is calculated by dividing the amount of estrogen formed by the product of

mg microsomal protein used times the incubation time, e.g. 15 minutes.

8 ICsoDETERMINATION OF AROMATASEASSAY RESULTS:

Each experiment will test the response of aromatase activity in the presence of six
concentrations of 4-0H ASDN. The experiment will be conducted in three
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independent replicates. Each concentration of 4-0H ASDN will be run in triplicate
tubes in each experimental replicate. See the experimental design table below.

Control samples wil be included for each study. Full Enzyme Activity Controls will
contain substrate, NADPH, propylene glycol, buffer, vehicle (used for preparation of
4-0H ASDN solutions) and microsomes. Background Activity Controls contain all
Full Enzyme Activity Control assay components except NADPH and serve as assay
blanks. Four Full Enzyme Activity Controls and four Background Activity Controls
are included with each experimental replicate and are treated the same as the other
samples. The control sets wil be split so that two tubes (of each Full Enzyme
Activity Controls and Background Activity Control) are run at the beginning and two
at the end of each experimental replicate.

Positive control assays wil be conducted as described in Section 7 with the following

modification. 4-0H ASDN solution (or vehicle) will be added to the mixture of
propylene glycol, substrate, NADPH and buffer in a volume not to exceed 20 ¡.L
prior to preincubation of that mixture. The volume of buffer used will be adjusted so
the total incubation volume remains at 2 mL. The detailed procedure will be
documented in the study records.

Experimental Design

4-0H ASDN
4-0H ASDN

Sample type
Repetitions Description of dilution

concentration
(test tubes) ass a y' concentration

(M stock) (M final)

Full Enzyme
4

no 4-0H ASDN, N/A N/A
Activity Control inhibitor vehicle only

Background no 4-0H ASDN or
4 NADPH, inhibitor N/A N/AActivity Control

vehicle onl y
4-0H ASDN

3 4-0H ASDN added 1 x 10-4 1 X 10-6Concentration i
4-0H ASDN

3 4-0H ASDN added 1 x 10-5 1 x 10-7
Concentration 2

4-0H ASDN
3 4-0H ASDN added 5 x 10-6 5 x 10-8

Concentration 3

4-0H ASDN
3 4-0H ASDN added 2.5 x 10-6 2.5 X 10-8Concentration 4

4-0H ASDN
3 4-0H ASDN added 1 x 10-6 1 X 10-8

Concentration 5

4-0H ASDN
3 4-0H ASDN added t x 10-7 1 X 10-9

Concentration 6

a All assay tubes contain the following unless otherwise stated: buffer, propylene glycoL,

microsomal protein, eHJASDN and NADPH
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9 DATA ANALYSIS:

The data to be reported wil include the following information: assay date and run

number, technician, chemical and log chemical concentration, total DPM-background
DPM, and % activity. The DPMs for the background tubes should be subtracted from
the tubes with Total DPMs to provide DPMs for specific aromatase activity. A
spreadsheet will be developed by the lead laboratory that will be used to process the
data into a final form for analysis and evaluation. A working document detailing the
conversion of the data from DPMs to nmol, as well as the actual methods for
calculations of the final aromatase activity will be distributed to the laboratories. This
process is briefly summarized below.

The spreadsheet calculates DPMlmL for each aliquot of extracted aqueous incubation
mixture and average DPMlmL and total DPM for each aqueous portion (after
extraction). Multiplication of the volume (mL) of substrate solution added to the
incubation by the substrate solution radiochemical content (DPMlmL)yields the total
DPM present in the assay tube at initiation. The total DPM remaining in the aqueous
portion after extraction divided by the total DPM present in the assay tube at initiation
times 100 yields the percent of the substrate that was converted to product. The total
DPM remaining in the aqueous portion after extraction is corrected for background by
subtracting the average DPM present in the aqueous portion of the background
activity tubes (for that day/assay). This corrected DPM is then converted to nmol
product formed by dividing by the substrate specific activity (DPMlnmol). The
activity of the enzyme reaction is expressed in nmol (mg protein)-lmin-l and is
calculated by dividing the amount of estrogen formed (nmol) by the product of mg
microsomal protein used times the incubation time. Average activity in the full
enzyme activity control samples for a given Study is calculated. Percent of control
activity remaining in the presence of various inhibitor concentrations is calculated by
dividing the aromatase activity at a given concentration by the average full enzyme
activity control and multiplying by 100.

IC50 will be calculated using Prism (Version 3 or higher) software to fit the percent
of control activity and log concentration data to a curve using the following equation:

Y =Bottom + (Top- Bottom)/( 1 + 1 O((LoglC 50 -X)*HiiislOpe))

Where: X is the logarithm of concentration
Y is the percent activity
Bottom is the lower plateau
Top is the upper plateau.
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The data will be formatted as follows:

. One spreadsheet or table will display the DPMs for all assay tubes, calculations of
activity (nmol (mg proteinr1min-l) etc.

. Another table will present the results of the analysis of variability of the assay and
wil include:

(1) the variation between replicates within a single assay,
(2) the day to day (study-to-study) varation, and
(3) technician varation.

. Graphs of activity versus log chemical concentration.

. Table of IC50s by date, run, technician, assay method.

10 STATISTICAL ANALYSES

10.1 Concentration Response Fits for the Test Substance

For the test substance multiple independent replicates of the concentration

response curve fit will be carred out. The number of replicates wil be three.
Full enzyme activity and background activity control aromatase values will be
compared across daily replicate tests for each test substance.

For each replicate two repeat tubes of the full enzyme activity controls and the
background activity samples will be prepared prior to the preparation of the
repetitions of the inhibitor compound and two repeat tubes of the full enzyme
activity controls and the background activity controls will be prepared after the
repetitions of the inhibitor compound are prepared. Three repetitions will be
prepared for each level of the inhibitor compound (4-0H ASDN).

For each repetition at each level the Excel database spreadsheet will include

total DPMs per tube and total aromatase activity per tube. The aromatase
activity is calculated as the DPM, normalized by the specific activity of the
(3H)ASDN, the mg of protein of the aromatase, and the incubation time. The
aromatase activity is corrected for the background DPMs, as measured by the
average of the background activity tubes. Thus the average aromatase activity
across the four background activity repeat tubes must necessarly equal a within
each replicate. The total DPM values are not corrected for background.

For each repetition within each inhibitor concentration, percent of control
activity is determined by dividing the aromatase activity for that tube by the
average full enzyme activity control and multiplying by 100. Nominally one
might expect for an inhibitor the percent of control activity values to vary
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between approximately 0% near the high inhibition concentrations and
approximately 100% near the low inhibition concentrations. However
individual experimental percent of control activity values will sometimes extend
below 0% or above 100%. Thus upper and lower response curve plateaus need
to be included in the response curve models.

Concentration response trend curves will be fitted to the percent of control
activity values within each of the repeat tubes at each inhibitor concentration.

Concentration is expressed on the log scale. In agreement with past convention,
logarithms wil be common logaiithms (i.e. base 10). Let X denote the
logarthm of the concentration of inhibitor compound (e.g. if concentration =
10-5 then X = -5). Let

Y = percent of control activity in the inhibitor tube
X = logarithm (base 10) of the concentration
T = upper plateau of the concentration response curve
B = lower plateau of the concentration response curve
DA VG = average DPMs across the repeat tubes with the same inhibitor

concentration
ß = slope of the concentration response curve (ß wil be negative)
¡. = loglOICso (lCso is the concentration corresponding to percent of control

activity equal to 50%).

The following concentration response curve will be fitted to relate percent of
control activity to logarithm of concentration within each replicate:

Y = B + (T - B)/(l + lO(~.X)ßJ + ¡;

where E is the varation among repetitions, distributed with mean 0 and variance
proportional to DA VG (based on Poisson distribution theory for radiation
counts). The response curve will be fitted by weighted least squares nonlinear
regression analysis with weights equal to 1000/DA VG. Model fits will be
carred out using Piism software (Version 3 or higher).

The concentration response fits wil be carred out for each replicate test. Based
011 the results of the fit within each replicate the extent of aromatase inhibition
will be summarzed as IC50 (10 ¡.) and slope (ß). The estimated ICso for the
inhibitor will be the geometric mean across the replicates. The estimated

overall standard error wil be based on the standard errors within each replicate
and the replicate-to-replicate varability. The average value and standard error
of loglOIC50 or ß can be calculated based on a one-way random effects analysis
of variance model fit.
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10.2 Graphical and Analvsis of Variance Comparisons Amon2 Concentration
Response Curve Fits

For each replicate the individual percent of control values wil be plotted versus
logaiithm of the inhibitor compound concentration. The fitted concentration
response curve will be superimposed on the plot. Individual plots will be
prepared for each replicate.

Additional plots will be prepared to compare the percent of control activity
values across replicates. For each replicate the average percent of control
values will be plotted versus logarithm of inhibitor concentration on the same
plot. Plotting symbols wil distinguish among replicates. The fitted
concentration response curve for each replicate will be superimposed on the
plot. On a separate plot the average percent of control values for each replicate
will be plotted versus logarthm of inhibitor compound concentration. The
average concentration response curve across replicates wil be superimposed on
the same plot with 95 percent confidence intervals on average control values at
each observed concentration. Replicate-to-replicate varation will be treated as
a random effect for purposes of calculating confidence intervals.

For each replicate treat (ß, f.) as a random varable with mean (ßavg, f.avg) and

covariance I (ß. ¡.l across replicates. Let Bavg, Tavg denote the average bottom and
top across the replicates. Let

Z = (Y - Bavg)/(T avg - B,vg)

L = logio(Zl(l - Z)).

The average response curve is expressed as

L = ß,vg(f.dvg - X)

with approximate standard errors of prediction of L at a given X based on I (ß, ¡I)
and propagation of errors. These are used to calculate approximate confidence
intervals for predictions at each X. The linearzed response curve and
associated confidence intervals are back transformed to yield the response curve
in terms of percent of control, Y

Y,vg = Bavg + (T avg - B,vg)( 10 ßavg(i,avg . Xl)/( 1 + 10 ßavg(imvg - Xl).

Slope (ß) and loglOICso (f.) will also be compared across replicates based on
random effects analysis of variance, treating the replicates as random effects. ß
and f. are estimated, separately within each replicate, and plotted along with the
average and associated 95% confidence interval across replicates.
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10.3 Full Enzyme Activity and Backl!round Activity Control Values Across
Replicates

Within each replicate, quadruplicate repetitions wil be made of the background
activity tubes and the full enzyme activity control tubes. Half the repetitions
will be cared out at the beginning of the replicate and half at the end. If the
conditions are constant throughout the replicate test, the control tubes at the
beginning should be equivalent to those at the end. To assess whether this is the
case the control responses wil be combined across replicates and expressed as
percent of full enzyme activity control activity. The average of the four
background activity samples within a replicate must necessarily be 0 and the
average of the four full enzyme activity controls within a replicate must
necessarily be 100. The two beginning controls and the two end controls will
be plotted by replicate with plotting symbol distinguishing between beginning
and end, and with reference line 0% (background activity) or 100% (full
enzyme activity control) respectively. These plots wil display the extent of
consistency across replicates with respect to average value and varability and
wil provide comparisons of beginning versus end of each replicate. Two-way
analysis of variance wil be camed out, separately for the full enzyme activity
control tubes and the background activity tubes. The factors in the analysis of
variance wil be replicate, portion (beginning or end), replicate by portion
interaction. The error corresponds to repetition within replicate and portion.
The response will be percent of control aromatase activity. If the daily
replicates are in control the portion main effect and portion by replicate
interaction should be non-significant. Note that the replicate effects wil not be
estimable because of the constrained totals within each replicate. For the
purposes of evaluation, replicate wil be treated as a fixed effect. If portion by
replicate interaction is significant the nature of the effect wil be assessed by
comparng the portion effect within each replicate to the portion effect averaged
across replicates, adjusting for simultaneity by Scheffe's method. The portion
effect within each replicate and the portion effect averaged across replicates,
and associated 95% confidence intervals, will be presented graphically.

10.4 Variabilty Assessment

For the inhibitor test compound variability among replicates and varability
among repetitions within replicates will be estimated and assessed for statistical
significance. The response will be aromatase activity. These analyses will treat
inhibitor concentration as a classification variable and will include both the full
enzyme activity and background activity groups. The factors in the mixed
effects analysis of variance wil be concentration group (including full enzyme
activity and background activity groups), replicate, replicate by concentration
interaction, and residual variation. Residual variation corresponds to repetition
within replicate and concentration. Inhibitor concentration will be treated as a
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fixed effect. Replicate and replicate by concentration interaction will be treated
as random effects. The analysis of variance fit wil incorporate weights. The
weight for responses in each concentration group will be based on the average
of the DPMs across all the replicates and repetitions within replicates associated
with that concentration group. The weight for each concentration group will be
1000/(Average DPMJ,

Normal probability plots will be prepared to identify outlying replicates or
repetItions. Deviations of average within replicate from average across

replicate results within that concentration group will be ordered and plotted on a
normal probability scale. The differences wil be normalized by (Average

DPMJ\o for their concentration group to adjust for differing varability across
concentration groups. Deviations of repetitions from average across repetitions
within replicate and concentration group will be ordered and plotted on a
normal probability scale. The differences will be normalized by (Average
DPMt' for their concentration group to adjust for differing variability across
concentration groups.

10.5 Statistical Software

Concentration response curves will be fitted to the data using the non-linear
regression analysis features in the PRISM statistical analysis package, Version 3
or higher. Supplemental statistical analyses and displays such as summary
tables, graphical displays, analysis of variance, and multiple comparsons will
be carred out using the SAS statistical analysis system, Version 8 or higher, or
other general purpose statistical packages (e.g. SPSS).

10.6 Interlaboratorv Statistical Analvsis

The lead laboratory and each of the participating laboratories will carry out
"intra-laboratory" statistical analyses based on their test data, according to this
common statistical analysis plan, developed by the Data Coordination Center
(Battelle). The Data Coordination Center will cary out the "inter-laboratory"
statistical analysis. It will combine summary values developed in each of the
intra-laboratory analyses to assess relationships among the laboratory results
(e.g. outlying laboratories), the extent of laboratory-to-Iaboratory variation, and
overall consensus estimates among the laboratories.

11 QUALITY ASSURNCE:

The study will be audited by the WIL Quality Assurance Unit with in-phase

inspections to assure compliance with the study protocol and protocol amendments,
WIL Standard Operating Procedures and the appropriate provisions of the EPA
TSCA and FIFRA Good Laboratory Practice Standards published in the Federal
Register (40 CFR Part 792 and 40 CPR Pait 160). The raw data and draft report will
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be audited by the WIL Quality Assurance Unit prior to submission to the Sponsor to
assure that the Final Report accurately describes the conduct and the findings of the
study. Quality control (Qc) and quality assurance (QA) procedures wil follow those
outlined in the Quality Assurance Project Plan (QAPP) that will be prepared for this
study.

Data requiring statistical analysis will be analyzed by BioST A T Consultants, Inc.

following the current procedural guidelines of BioSTAT Consultants Inc. BioSTAT
Consultants Inc. will provide a statistical analysis report, which wil be included as an
appendix to the final report. Quality Assurance auditing of the statistical report (for
internal consistency with the study report) will be conducted under the direction of
the Quality Assurance Unit of WIL Research Laboratories, LLC.

Formulation of the test chemical stock solutions will be conducted by the Sponsor
following the Standard Operating Procedures of the Sponsor and in accordance with
GLPs. Quality assurance monitoring of these activities for SOP and GLP compliance
is the responsibility of the Sponsor. Upon completion of the prescribed activities, the
Sponsor wil provide a signed Quality Assurance statement that wil be included in
the Battelle Chemical Repository Chemistry Report, and included in the final report
as an appendix.

This study will be included on the WIL master list of regulated studies.

12 RECORDS TO BE MAINTAINED:

All specimens and original raw data records, as defined by WIL SOPs and the
applicable GLPs, wil be stored as described in Section 12 in the Archives at WIL
Research Laboratories, LLC.

Raw data records generated by the Sponsor will be stored as defined by the Sponsor's
applicable Standard Operating Procedures.

13 WORK PRODUCT:

The Sponsor will have title to all documentation records, raw data, slides, specimens
and other work product generated during the peiformance of the study. All work

product, including raw paper data, pertinent electronic storage media and specimens,
will be retained at no charge for a period of six months following issuance of the final
report in the Archives at WIL Research Laboratories, LLC. Thereafter, WIL
Research Laboratories will charge a monthly archiving fee for retention of all work
product. Appropriate supporting documentation for statistical analyses conducted and
reported by BioST AT Consultants, Inc. will be maintained in the Archives at WIL
Research Laboratories, LLC. All work product will be stored in compliance with
regulatory requirements.
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Any work product, including documents, specimens, and samples, that are required
by this protocol, its amendments, or other written instrctions of the Sponsor, to be
shipped by WIL Research Laboratories, LLC to another location wil be appropriately
packaged and labeled as defined by WIL's SOPs and delivered to a common carrer
for shipment. WIL Re.search Laboratories, LLC will not be responsible for shipment
following delivery to the commoncarrel-

14 REPORTS:

An interim data set, in the form of a spreadsheet and data summary, will be submitted
to the Sponsol- The spreadsheets will be submitted within 14 calendar days of
completing the incubations/analyses. This interim data submission will not be

audited by the Quality Assurance Unit and will be identified as "unaudited
preliminary data."

WIL Research Laboratories will submit one copy of an audited draft report in a
timely manner upon completion of data collection prior to issuance of the final report.
One revision wil be permitted as part of the cost of the study, from which the
Sponsor's reasonable revisions and suggestions will be incorporated into the final
report, as appropriate. Additional changes or revisions may be made, at extra cost. It
is expected that the Sponsor wil review the draft report and provide comments to
WIL within a two-month time frame following submission. WIL will submit the final
report within one month following receipt of comments. If the Sponsor's comments
and/or authorization to finalize the report have not been received at WIL within one
year following submission of the draft report, WIL may elect to finalize the report
following appropriate written notification to the Sponsor. Two electronic copies
(PDF) of the final report on CD-R will be provided. Requests for additional paper
copies of the final report may result in additional charges.

15 PROTOCOL MODIFICATION:

Modification of the protocol may be accomplished during the course of this
investigation. However, no changes wil be made in the study design without the
written permssion (electronic email or paper document) of the Sponsol- In the event
that the Sponsor requests or approves a change in the protocol, such changes will be

:m!
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made by appropriate documentation in the form of a protocol amendment. All
alterations of the protocol and reasons for the modification(s) will be signed by the
Study Director and the Sponsor Representative.

16 PROTOCOL APPROVAL:

nsor approval received via e-mail on December?, 2004.

i 'J)8PLf
Christopher J. Bowman, Ph.D. Date
Study Director

WIL Research Laboratories, LLC

/Ò-I J' J ;;ù0tf
Date

17 PROTOCOL REVIEW:

c#~ rf ll "'- 1z.'l .0' l~, do YCLu:iL, i) -q iNHeather L. Osborn, B.S., RQAP-GLP Date em L. Pollock, B.A. Date
Manager, Quality Assurance Quality Assurance Manager
WIL Research Laboratories, LLC Endocrine Disruptor Screening Program

Battelle Memorial Institute
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Appendix A

Combine in a test tube
(concentrations are final in a 2 mL volume):

0.1 mL ¡)fopylene glycol
100 nM (JASDN (0.1 ~Ci)

0.3 mM NADPH

20 ¡.L test substance solution or vehicle

Dilute to J mL lata i volume in phosphate buffer, pH 7.4 Dilute Microsome, to caO.008 mglmL

. .
Warm ca 5 min in a 37 °C water bath War ea 5 miD in a 37 DC water hath-- ~

Add 1 mL microsomal suspension to each test lube

.
Incubate a137.C for 15 minutes in shaking water bath

.
Add 2 mL of CH,CI, 10 quench enzyme reaction: vortex ca 5 s, place

on ice; vortex 20-25 s, centrifuge for 10 min at a setting of 162 x g (avg)

.
Remove and discard organic layer. Add 2 mL CH,CI, to

test tube containîng aqueous layer; vortex for ea 30 s;
centrifuge for 10 min at a setting of 162 x g (avg)

.
Remove and discard organic layer. Add 2 mL CH,Cl, 10

test tube containing aqueous layer; vortex for ea 30 5;
centrifuge for i 0 min at a setting of 162 x g (avg)

.
Remove and discard organic layer. Transfer aqueous layer to a vial

wiih cap: transfer duplicate 0.5 mL aliquots to LSC vials;
add J 0 mL scintillation cocktail, count in LSC
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Deviations from the Protocol

This study was conducted in accordance with the protocol and protocol amendments, except for

the following.

. Protocol Section 6. states that for the protein assay, a six-point standard curve would be
prepared, ranging from 0 13 to 1.5 mg protein/mL. Due to the bovine serum albumin (BSA)
standard (Reference 431 006A 1-2-1) having a concentration of 2.36 mg/mL and not
2.5 mg/mL, the standard curve had a range of 0.12 to 1.4.

This deviation did not negatively impact the quality or integrity of the data nor the outcome of the

study.
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Combine In a test tube
(concentrations are final in a 2 mL voJuine):

0.1 mL propylene glycol
100 nM ('JASDN (0.1 fLCi)

0.3 mM NADPH

20 ~LL test substance solution or vehicle

Dilute to I niL total volume in phosphate buffer, pH 7.4 Dilute Microsomes to ca 0.008 mg/mL

.l .l
Warm ea 5 min in a 37°C water bath Waim ea 5 min in a 37°C water bath~ ~

Add i mL mÎcrosomal slIspension to each test tube

.l
lncubate at 37°C for is minutes in shaking water bath

.l
Add 2 mL of CH,Ci, to quench enzyme reaction; vortex ca 5 s, place

on ice; v0l1ex 20-25 s, centiifuge for i 0 min at a setting of i 62 x g (avg)

.l
Remove and discard organic layer. Add 2 mL CH,Ci, to

lest tube containing aqueoiis ¡Dyer; vOJ1ex for ea 30 s;
centrifuge for i 0 min at a setting of 162 x g (avg)

.l
Remove and discard organic layer. Add 2 mL CH::Ch to

test tube containing aqueoiis layer; vortex for ea 30 s;
centrifuge for 10 min at a setting of 162 x g (avg)

.l
Remove and discard organic layer. Transfer aqueous layer to a vial

with cap; transfer duplicate 0.5 I1L aliquoLs to LSC vials;
add 10 mL scintillation cocktail, count in LSC
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4.0 PROJECT ORGANIZATION

The U.S. Environmental Protection Agency CEPA) is implementing the Endocrine
Disruptor Screening Program CEDSP). To support this program, the EPA has contracted with
Battelle to provide comprehensive toxicological and ecotoxicological testing services, including
chemical, analytical, statistical, and quality assurance CQA)/quality control CQC) support, to
assist EP A in developing, standardizing, and validating a suite of in vitro, mammalian, and
ecotoxicological screens and tests for identifying and characterizing endocrine effects through
exposure to pesticides, industrial chemicals, and environmental contaminants. The studies
conducted will be used to develop, standardize and validate methods, prepare appropriate
guidance documents for peer review of the methods, and develop technical guidance and test
guidelines in suppoi1 of the Offce of Prevention, Pesticides and Toxic Substances regulatory

programs. The validation studies will be conducted under the EDSP Quality Management Plan
CQMP), study protocols, applicable Quality Assurance Project Plans CQAPPs), relevant program
and facility Standard Operating Procedures CSOPs), guidance documents, and Federal
Insecticide, Fungicide and Rodenticide Act CFIFRA) Good Laboratory Practice Standards
CGLPs).

One of the assays recommended for validation and consideration for inclusion in the
screening program is the aromatase assay. A Detailed Review Paper CDRP) was prepared for the
U.S. EPA in 2002 to review the scientific basis of the aromatase assay and examine assays
reported in the literature used to measure the effect of chemical substances on aromatase.

Prevalidation studies on the aromatase assay CWork Assignment (W A) 2-24) were
conducted to optimize the microsomal aromatase assay protocol for recombinant microsomes,
demonstrate the utility of the microsomal assay to detect known aromatase inhibitors, and
compare the performance of the recombinant assay system and the placental microsomal assays.
Concerns with this initial work involving high variability in some runs and pai1ial inhibition
curves were addressed in a supplemental prevalidation study CW A 4-10).

The objectives of this work assignment are to use the now optimized assay: (1) to obtain
i ntra- and interlaboratory assay variability estimates by conducting positive control experiments
at multiple laboratories, and (2) to test up to 10 reference chemicals with different modes of
action in order to test assay relevance.

This work assignment is composed of multiple studies that are to be conducted by the
lead laboratory CResearch Triangle Institute International (RTI), Research Triangle Park, NC)
and three participating laboratories CBattelle, Columbus, OH; In Vitro Technologies, Baltimore,
MD; WIL Research Laboratories, LLC, Ashland, OH). This QAPP will address the work to be
conducted in Tasks 3 and 4 of the work assignment.

A summary ofthe work assignment organization is shown in Figure 4-1.
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Portions of this work assignment will be managed at RTI, Battelle, WIL, and In Vitro.
At each of these laboratories, there will be a person responsible for preparing the protocol,
assigning appropriate staff to complete specified tasks within the protocol, and monitoring the
progress of both technical and fiscal milestones as outlined in the technical work plan. A study
director from each laboratory will report on the progress of the work assignment to Drs. David
Houchens and Jerry D. Johnson at Battelle through a series of planned conference calls and
through the use of written monthly repOlts.

General scientific direction and supervision of the work performed under this work
assignment is provided by Dr. Jerry D. Johnson, Battelle and Dr. James Mathews, RTI
InternationaL. Dr. Johnson will serve as the Work Assignment Leader (W AL) for the
participating laboratories and Dr. Mathews for the lead laboratory (RTI).

Each laboratory will have a study director in charge of overseeing the daily operation and
conduct of the study. The individual laboratory teams will execute the necessary tasks required
in the study protocols and ensure the data are collected and handled appropriately. All of these
tasks are clearly defined in the study protocol.

The QAU representative for each laboratory will administer the QAPP for the EDSP
facility QA team members. The specific responsibilities include:

Interact with the Study Director to ensure that QA and QC procedures are understood
by W A personneL.

Conduct technical systems audits (TSAs) and audits of data quality (ADQs) to
evaluate the implementation of the program WAs with respect to the EDSP QMP, the
W A QAPPs and/or GLP protocol, and applicable program and facility SOPs.

Prepare and track reports of deficiencies and submit them to both line and program
management.

Consult with the W ALiStudy Director and, as necessary, the EDSP Battelle QA
Manager and Program Manager on actions required to correct deficiencies noted
during the conduct of the W A.

Ensure that all data produced as pait of the EDSP WAs are maintained in a secure,
environmentally-protected archive.

Ensure, during the conduct ofTSAs, that all staffpaiticipating on the EDSP are
adequately trained.

Maintain complete facility-specific QA records related to the program.
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Submit copies of resolved audits to the EDSP Battelle QA Manager.

Submit a QA Statement to the EDSP Battelle QA Manager and Program Manager
with each written deliverable that describes the audit and review activities completed
and any outstanding issues that could affect data quality or interpretation of the results

discussed in the report.

Maintain effective communication with the EDSP QA Manager.

Act as the facility's EDSP SOP Custodian for all SOPs received from the SOP
Administrator.

As EDSP manager, Dr. David Houchens will have ultimate responsibility for quality,
timeliness, and budget adherence for all activities on the contract. He also will serve as the
principal interface with the EP A's project offcer on all contract-level administrative and
technical issues. Because of the high level of subcontracting and purchases required by the
program, such as test laboratory subcontracts and purchases of chemical supplies, Dr. Houchens
will be assisted by an administrative deputy manager, Mr. James Easley. Mr. Easley will
manage the procurement of all subcontracts, consultants, and purchased materials and services,
and will facilitate schedule and cost control. He has played a similar role on ten other large,
multi-year, level-of-effort task-order contracts for EP A. Thus, he will be able to assure that all
purchases are compliant with government regulations and that EP A is provided timely, accurate
accounting of these substantial costs in our monthly progress reports.

Ms. Terri Pollock, the EDSP QA manager at Battelle, will direct a team ofQA
specialists to monitor the technical activities on the chemical repository program, and provide
oversight to all associated QA functions. Ms. Pollock will be responsible for repoiiing
her findings and any quality concerns to Dr. Houchens. Ms. Pollock reports, for the purposes of
this program, to Dr. Allen W. Singer, Director of Operations in the Toxicology Product Line in
Battelle's Health and Life Sciences Division. This repoiiing relationship assures that the QA
function is independent of the technical activities on the program.

5.0 PROBLEM DEFINITION/BACKGROUND

5.1 Problem Definition

Prevalidation studies on the recombinant aromatase assay (W A 2-24) were conducted to
optimize the microsomal aromatase assay protocol for recombinant microsomes, demonstrate the
utility ofthe niicrosomal assay to detect known aroniatase inhibitors, and compare the
perforniance of the reconibinant assay system and the hunian placental microsomal assay systeni.
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Concerns with this initial work involving high variability in some runs and partial inhibition
curves were addressed in a supplemental prevalidation study (W A 4-10).

With the prevalidation studies successfully completed, this work assignment directs
Battelle to conduct the interlaboratory studies to determine the performance of several
laboratories in conducting the assay and should complete the validation ofthe recombinant
aromatase assay. A companion work assignment (W A 4-16) has been issued for the conduct of
the human placental aromatase assay validation.

The work assignment is comprised of 6 tasks of which two tasks involve
experimentation. Only the work in Task 3 is subject to this QAPP. Table 1 summarizes the
validation tasks and the laboratory(ies) involved for each experimental task.

Table 1. WA 4-17 Tasks

Task Number Assignment

Not applicable (Develop work plan, study plan, and
identify/select participating laboratories)

Not an experimental task

2 Not applicable (Develop QAPP and protocols) Not an experimental task

3 Conduct Positive Control Studies in the Participating
Laboratories

3 Participating Laboratories

4 Conduct Multiple Chemical Studies with Microsomes
Supplied by RTI

(RTIIParticipating Laboratories)

Prepare Study Reports (RTI/Participating
Laboratories)

Lead Laboratory + 3 Participating
Laboratories

5 Not an experimental task

6 Prepare Presentation for EDMVAC

EDMVAC = Endocrine Disruptor Method Validation Committee
Not an ex erimental task

5.2 Backqround

The Food Quality Protection Act of i 996 was enacted by Congress to authorize the EP A
to implement a screening program on pesticides and other chemicals found in food or water
sOUtces for endocrine effects in humans. Thus, the U.S. EPA is implementing an EDSP. In this
program, comprehensive toxicological and ecotoxicological screens and tests are being
developed for identifying and characterizing the endocrine effects of various environmental
contaminants, industrial chemicals, and pesticides. The program's aim is to develop a two-tiered
approach, e.g., a combination of in vitro and in vivo mammalian and ecotoxicological screens
(Tier I) and a set of in vivo tests (Tier 2) for identifying and characterizing endocrine effects of
pesticides, industrial chemicals, and environmental contaminants. Validation ofthe individual
screens and tests is required, and the EDMV AC will provide advice and counsel on the
validation assays.
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Estrogens are sex steroid hormones that are necessary for female reproduction and affect
the development of secondary sex characteristics 'of females. Estrogens are biosynthesized from
cholesterol by a series of enzymatic steps, with the last step involving the conversion of
androgens into estrogens by the enzyme aromatase. Estrogen biosynthesis occurs primarily in
the ovary in mature, premenopausal women. During pregnancy, the placenta is the main source
of estrogen biosynthesis and pathways for production change. Small amounts of these hormones
are also synthesized by the testes in the male and by the adrenal cortex, the hypothalamus, and
the anterior pituitary in both sexes. The major source of estrogens in both postmenopausal
women and men occurs in extraglandular sites, particularly in adipose tissue. One potential
endocrine target for environmental chemicals is the enzyme aromatase, which catalyzes the
biosynthesis of estrogens. An aromatase assay is proposed as one of the Tier I Screening Battery
Alternate Methods. A detailed literature review on aromatase was performed and encompassed
(1) searching the literature databases, (2) contacting individuals to obtain information on
unpublished research, and (3) evaluating the literature and personal communications.

Aromatase is a cytochrome P450 enzyme complex responsible for estrogen biosynthesis
and converts androgens, such as testosterone and androstenedione, into the estrogens estradiol
and estrone. Aromatase is present in the ovary, placenta, uterus, testis, brain, and extraglandular
adipose tissues. Two proteins, cytochrome P450arom and NADPH-cytochrome P450 reductase,
are necessary for enzymatic activity, and the enzyme complex is localized in the smooth
endoplasmic reticulum. The aromatase gene, designated CYPI9, encodes the cytochrome

P450arom and consists of 10 exons, with the exact size oftbe gene exceeding 70 kilobases.

Aromatase is found in breast tissue, and the impOliance of intratumoral aromatase and local
estrogen production is being unraveled. Effective aromatase inhibitors have been developed as
therapeutic agents for estrogen-dependent breast cancer to reduce the growth stimulatory effects
of estrogens in breast cancer. Investigations on the development of aromatase inhibitors began
in the 1970's and have expanded greatly in the past three decades.

An in vitro aromatase assay could easily be utilized as an alternative screening method in
the Tier I Screening Battery to assess the potential effects of various environmental toxicants on
aromatase activity. Both in vitro subcellular (microsomal) assays and cell-based assays are
available for measuring aromatase activity. The in vitro subcellular assay using human placental
microsomes, is commonly used to evaluate the ability of pharmaceuticals and environmental
chemicals to inhibit aromatase activity. In addition, human JEG-3 and JAR choriocarcinoma cell
culture lines, originally isolated from cytotrophoblasts of malignant placental tissues, have been
used as in vitro systems for measlling the effects of compounds on aromatase activity. These
cell lines are also utilized for investigations on the effects of agents in placental toxicology.

Numerous flavonoids and related phytoestrogen derivatives have been extensively
evaluated for their ability to inhibit aromatase activity for two primary reasons: (1) these natural
plant products can serve as possible leads for the development of new nonsteroidal aromatase
inhibitors; and (2) humans and other animals are exposed to these agents through the diet. In
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general, the flavonoids and related analogs demonstrate aromatase inhibition with ICso values in
the micromolar range; however, these compounds lack both the potency and specificity of
aromatase inhibitors developed for breast cancer therapy. Several pesticides have also
demonstrated inhibition of aromatase activity in the human placental microsomal assay system,
with ICso values for aromatase inhibition ranging from 0.04 ¡.M to greater than 50 ¡.M.

The recombinant microsomal aromatase assay was recommended as the in vitro
aromatase screening assay to be included in the Tier 1 Screening Battery. This assay will detect
environmental toxicants that possess the ability to inhibit aromatase activity. Prevalidation
studies on recombinant aromatase (W A 2-24) were conducted to optimize the microsomal
aromatase assay protocol, demonstrate the utility ofthe microsomal assay to detect known
aromatase inhibitors, and compare the performance of a recombinant assay system and the
human placental microsomal assays. Concerns with this initial work involving high variability
in some runs and partial inhibition curves were addressed in a supplemental prevalidation study
(W A 4- 1 0). The objective of the current work assignment is to use the now optimized assay to
obtain intra- and interlaboratory assay variability estimates to complete the validation of the
recombinant microsome aromatase assay.

6.0 PROJECT/TASK DESCRIPTION

Only Task 3 is under the control by this QAPP. However, this QAPP also addresses the
other task in this work assignment and will be reissued prior to the start ofthe other task
together with a finalized task-specific protocol included as an attachment. The Task 3 protocol
is attached to the present QAPP. The task numbering scheme for the original work assignment is
employed in this document for ease of cross-referencing.

Task 3: Conduct of the Positive Control Studies in the ParticioatinQ Laboratories

This Task will be completed by staff at Battelle, WIL and In Vitro. RTI staffwill not
conduct any experiments on this task but will be involved in the review of the data produced by
the other laboratories. RTI will provide recombinant microsomes to the other laboratories for
use in this task. Battelle/RTI will provide a boilerplate protocol for this Task to the participating
laboratories which they will use to prepare their laboratory-specific protocols. These protocols
will contain all necessary technical detail for the conduct ofthis Task. Briefly, the Task requires
that each laboratory conduct three independent replicates of a Positive Control Study. 1 n this
Study, 4-01- androstenedione (4-01- ASDN, a known aromatase inhibitor) is tested in the
aromatase assay at 6 concentrations to construct a dose/response curve from which an ICso may
be calculated. Control runs are also included in the assay set to measure full aromatase activity
(without any inhibitor added) and background activity (without NADPI- co-factor). Battelle's
Chemical Repository (CR) will supply 4-01- ASDN to each laboratory as a stock solution and
will conduct all necessary pre-assay chemistry activities for 4-01- ASDN.
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Each laboratory will present their results in a separate spreadsheet for each of the three
replicates and the results will be compared both within and between laboratories.

Task 4: Conduct Studies on Reference Chemicals

Each participating laboratory will conduct the studies in this task with recombinant
microsomes supplied by RTI.

RTI/Battelle will supply a template protocol describing all technical details for this task
to the participating laboratories f¡om which they will prepare their laboratory-specific protocols.
Each laboratory will conduct three independent replicate studies with each of i 0 chemicals. All
three replicates for a given chemical must be conducted by the same technician within a
laboratory. Control runs are also included in each assay set to measure full aromatase activity
(without any inhibitor added) and background activity (without NADPH co-factor). Battelle's
CR will supply the test chemicals to each laboratory as individual stock solutions and will
conduct all necessary pre-assay chemistry activities for the test chemicals.

7.0 QUALITY OBJECTIVES AND CRITERIA

The endpoints for W A 4-17 include the aromatase activity measured in the control and
inhibitor samples, the inter- and intralaboratory variance, and the ICso and slope values for each

inhibitor tested.

7.1 Data Quality Indicators

7.1.1 Precision

The mean positive control activity for each assay/laboratory should be within the overall
mean:l 15% for that laboratory.

Variance between laboratories and within laboratories will be assessed for an appropriate
level of precision as part ofthis W A. It is anticipated that positive control activity between and
within laboratories should be statistically equivalent at the p:: 0.1 leveL. Any modifications to
this criterion would be discussed with the sponsor and added to the QAPP by amendment.

ICso and slope values calculated for each inhibitor should be statistically equivalent at the
p::O.I level both between and within laboratories. If data from an assay are statistical outliers,
the assay may be repeated.
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7.1.2 Bias

The positive and background activity samples that are run with each assay are used to
control for bias. lfthe control samples for any assay do not meet the precision criteria described

above, the assay may be rerun.

7.1.3 Accuracy

Accuracy of the liquid scintillation spectrometry (LSS) data (fi'om which is derived the
aromatase activity) will be assessed by analysis of a sealed standard of known radioactive
content. If the radioactivity in the sealed standard is more than 5% different from the known
value, the data will not be used. Samples may be recounted on another LSS or on the same LSS
after any problems with the instrument are corrected.

8.0 SPECIAL TRAINING/CERTIFICATION

All personnel involved in handling radiolabeled materials will have completed a
Radiation Safety Training course. Training documentation will be maintained in the individual
training files. Each laboratory will be licensed to receive radiolabeled materials.

Staff from the participating laboratories will be trained on the performance ofthe
aromatase assay at RTI International as part of Task 3 of W A 4-16. Personnel participating in
this training will conduct the aromatase assay including positive control and background activity
samples and a series of samples containing varying amounts of a known aromatase inhibitor (4-
OH ASDN). The resultant data will be evaluated by Battelle and RTI International and then
submitted to EP A for review.

9.0 DOCUMENTS AND RECORDS

9.1 Retention of Specimens and Records

Archiving procedures will be specified in the individual protocols.

9.2 Quality Assurance Proiect Plan

This QAPP will be distributed to project participants initially, and whenever revised.
Previous versions will be marked as "obsolete" when newer versions are distributed, or collected
and destroyed so that there is no confusion regarding the version in effect. The right-justified
document control header example shown here

Version 1
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is used to ensure that revision numbers and dates are obvious to document users. The QAPP will
be reviewed annually and a determination made to either modify the document based on new or
modified project requirements, or leave as is.

Controlled copies ofthe QAPP will be maintained, tracked, and managed by the
laboratories' QAU through the use of a master distribution list.

9.3 Data Forms

All data forms will include a title identifying the type of data to be recorded, a unique
study code or protocol number, and the initials and date ofthe data recorder(s) to authenticate
the records.

Corrections to data entries will be made by drawing a single line through the error,
recording the correct entry, initials, date, and error code that explains the reason for the
correcti on.

9.4 Microsome Storaqe Conditions

Microsomes must be stored at-70 to -80°C and the freezer temperature records must be
maintained.

9.5 Reports

9.5.1 Interim Data Summary, and Draft and Final Reports

An interim data summary from each laboratory will be submitted to the EP A after
completion of each task. These data summaries will not be audited by Quality Assurance but
will be checked for accuracy by technical staff. This procedure is necessary to provide a rapid
turn around of the data so that approval to proceed can be given by EP A.

Each laboratory will prepare an individual report for each task to be based on a template
provided by Battelle and will submit these repOlis to Battelle. The purpose of these reports is to
provide a complete description about how the experiments were performed, present the results
that were obtained (including tables and graphs), and state the conclusions that were made for
each applicable W A tasks. RTI/Battelle will prepare a report for each task that summarizes all
work on the particular task and incorporates the reports from the participating laboratories as
Appendices for submission to EP A. After EP A comments have been received on each task
report and, if applicable, they will be incorporated into a new version of the draft task repOli,

then it will be issued as a final report.
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Each final task report will include:

Abstract
Objectives
Materials and Methods
Results
Discussion
Conclusions
References
Summary data with statistical analyses
Appendices which will include final reports with compliance statements for each
paiiicipating laboratory
Protocol, any amendments, or any deviations from the protocol
QAPP, any amendments, or any deviations from the QAPP.

RTl/Battelle will prepare a final Work Assignment report that summarizes the results of
the entire Work Assignment. This repOli will consist ofa statement of the objectives of the work
assignment, a summary ofthe results and a statement of conclusions for the Work Assignment.
The individual task reports will be referenced within this final report.

9.5.2 QA Assessment Reports

QA assessment repOlis are maintained as confidential fies in the QAU.

9.5.3 Status Reports

Status/progress repOlis will be submitted to the EPA Project Officer by Battelle on a
monthly basis as stipulated in the contract.

10.0 SAMPLING PROCESS DESIGN (EXPERIMENTAL DESIGN)

The details ofthe experimental design for each task subject to this QAPP will be
contained in GLP compliant protocols. A template protocol for Task 3 is attached as an
Appendix.

11.0 SAMPLING METHODS

The entire aqueous pOLiion of the incubation mixtures remaining after extraction with
methylene chloride (CH2CI2) will be placed in appropriate containers for freezing. The samples
will be mixed well prior to the removal of aliquots for liquid scintillation counting (LSC). If
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there is insufficient time for preparing LSC samples on the day the assay is run, the samples will
be refrigerated overnight, otherwise the samples should be frozen and stored at about -20DC.

Each test chemical will be supplied to the paiiicipating laboratories by Battelle as a stock
solution at the highest concentration necessary for use in the assay. These solutions will be well-
mixed prior to the preparation of dilutions of these stock solutions by the individual paiiicipating
laboratories.

12.0 SAMPLE HANDLING AND CUSTODY

12.1 Test Chemical Solutions

The test chemical stock solLLtions will be transferred to the Laboratories' Material
Handling Facility with a study specific transfer of material form. The samples will be processed
according to the SOPs for packing, shipment and documentation of shipment and receipt.

12.2 Sample Collection Documentation

All samples (or sample sets) will be labeled with enough infOimation to allow for
unequivocal identification of each sample along with suitable storage conditions in accordance
with applicable regulations.

13.0 ANALYTICAL METHODS

Analytical methods are described in the study protocol (Appendix). Failures of analytical
systems are addressed in the relevant SOPs.

14.0 QUALITY CONTROL

14.1 Methods

Control samples (positive and negative) are run with each assay. Acceptance criteria and
corrective actions where acceptance criteria are not met are described in Section 7. Replicates
are used as a means to monitor variability of the assay. Replicates will be assessed for variance

and those that are outside the acceptable range (mean :I 15%) will be flagged as statistical
out! i ers.

14.2 Data Collection

Data collection documentation will be as described in applicable SOPs.
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Assay data, including weights and/or volumes of chemicals, solvents or other materials
used to prepare necessary solutions or samples, will be recorded manually on data sheets.
Protein assay absorbance data may also be recorded manually on data sheets. All data sheets
include a title identifying the type of data to be recorded, the unique study code or protocol
number, and the initials and date ofthe data recorder(s) to authenticate the records.

Endocrine Disruptor Screening Program QAPP
Recombinant Aromatase Validation Study

Scintillation counter data wil I be automatically saved to a data file that will automatically
be assigned a unique filename. The data must be annotated to identify samples with the
sequential vial number. Procedures for conveiiing CPM data to DPM data must be documented.

Relevant data from the data sheets and scintillation counter output (as DPM) will be
typed into a validated MS Excel spreadsheet for calculation of i) substrate specific activity 2)
protein content and/or 3) aromatase activity. All transcribed data will be verified (100% Qc)
before they are reported and this QC check will be documented on the spreadsheet printouts by
technician initials and date.

Aromatase activity data will be entered manually into Prism data files for calculation of
i Cso and undergo a 100% QC check. Data will be entered automatically (through linked
validated spreadsheets) or manually into spreadsheets for import into SAS data fies for
statistical analysis. All manually entered data will undergo a 100% QC check.

15.0 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND MAINTENANCE

The following types of equipment are required for this W A: temperature controlled
shaking water bath, pH meter, analytical balances, centrifuges (low and high speed and
ultracentrifuges), pipettors, scintillation counters, spectrophotometer, and high performance
liquid chromatography (HPLC) equipment (injector, pumps, detectors (radiochemical and
ultraviolet tUV1), data collection system). The equipment will be tested, inspected and
maintained according to schedules contained in the relevant SOPs.

16.0 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

Balances used to obtain weight measurements, as well as the check weights that are used
to verify a balance's calibration status will be calibrated and maintained according to the
schedule specified in relevant SOPs. Balances that do not meet the criteria specified in the SOP
will not be used for this work assignment.

Scintillation Counters will be calibrated using procedures described in the relevant SOPs.
Calibration of pH meters occurs as specified in relevant SOPs. The water bath, pipettes,
spectrophotometer, and HPLC equipment are calibrated using the procedures and schedule in
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applicable SOPs. Any equipment or instrument that does not meet acceptance criteria as
described in the relevant SOP will not be used for this work assignment.

17.0 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

Upon receipt, purchased items must be inspected for conformance to quality
requirements prior to use. All use oftlie product must be prior to the expiration dates, if
applicable. Chemicals are received and stored in accordance with applicable SOPs.

18.0 NON-DIRECT MEASUREMENTS

No collection of any samples or sample data will be obtained from non-direct measures
such as computer data bases or programs.

19.0 DATA MANAGEMENT

19.1 Data Manaaement Overview

Data will be maintained in notebooks and/or files according to applicable facility SOPs.
The records will be kept in the appropriate rooms until there is a signed final report at which
time they will be inventoried and placed in the facility archives according to applicable facility
SOPs, unless the sponsor requests that they be transferred to another archive location.

19.2 Data Transfer

Information will be sent to the Data Coordination Center in electronic format as specified
in SOP EDSP.D-003-01. Specifically all raw data, all tables, graphs summarizing results of
statistical analyses as presented in study repoiis, statistical analysis data files, statistical analysis
programs, and all study documents will be sent to the EDSP Data Coordination Center in
electronic format.

20.0 ASSESSMENTS AND RESPONSE ACTIONS

EDSP QA team members will perform assessments on W A activities. and operations
affecting data quality and tlie raw data and final repmi. They will repoii any findings to the WA
Leader/Study Director and management to ensure that the requirements in relevant SOPs, study
protocols and W A QAPP, the QMP, and the FIFRA GLPs are met. The assessments for this
study include TSAs and ADQs. Performance Evaluations do not apply to this QAPP.
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20.1 Technical Systems Audits

A TSA is a process by which the quality of a study is assessed through evaluating a study
activity's conformance with the protocols, applicable facility or program SOPs, QAPP, QMP,
and GLPs. The acceptance criteria are that W A activities and operations must meet the
requirements of these planning documents and the GLPs or be explained and evaluated in a
deviation report. Deviations from the GLPs, QAPP, protocol, or SOPs will be properly
documented and assessed by management and the study director as to their impact on the study.

20.2 Type, Schedulinq, and Performance of Technical Systems Audits

The following paragraphs provide an example of how the laboratories may perform
technical system audits.

Prior to the experimental start, the facility QA Team Member will convey a list of
inspections targeted for the study to the study director. Whenever possible, TSAs should be
done at the commencement of the W A critical phase to ensure W A integrity based on
compliance with the protocol, QAPP, SOPs, and GLPs. Critical phases targeted for TSAs
include, but are not limited to:

Protocol review
Placental collection and microsome preparation
Aromatase assay sample preparation and analysis.

During the TSA, EDSP QA team members will record observations to be used later in
preparing the audit report. EDSP QA team members will observe the procedure, data recording,
and any equipment maintenance and calibration procedures and/or documentation, noting
whether or not the activities adhered to the study protocols and QAPP, applicable SOPs, QMP,
and the GLPs. Any findings will be communicated to the technical personnel at the completion
of the procedure unless an error could compromise the study (e.g., misdiluting the stock
solution). EDSP QA team members immediately notify the Study Director by telephone and/or
e-mail of any adverse findings that could impact the conduct of the study. This direct
communication will be also documented in the audit repOli.

20.3 Audits of Data Qualiy

An ADQ is a process by which the accuracy of data calculations and repoiiing is assessed
to ensure that the repOlied results are of high quality and accurately reflect the raw data and
accurately describe the materials used in the study. The acceptance criteria for the ADQ are that
data collection, analysis, and repoiiing must meet the requirements of the applicable facility and
program SOPs, the W A protocols and QAPP, QMP, and the FIFRA GLPs, or be explained and
evaluated in a deviation report, as previously described.
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20.4 Schedulinq and Performance of Audits of Data Quality

Direct and frequent communication between the W A Leader/Study Director, laboratory
supervisor, and the QA Manager will provide for sufficient time to perform an ADQ so that the
submission date of the draft final report meets that specified in the study protocol. The
scheduling process should also allow for a reasonable amount of time for corrections and
subsequent verification ofthe corrections by QA.

EDSP QA team members will audit the study records at a frequency adequate to ensure
that approved protocol requirements are met. The frequency required is specified by the type of
data in the QMP, Section 2.4.1. Findings will be reported and corrective actions undertaken as
described earlier. EDSP QA team members review the final report using the audited data and
corrected tables. The report text will be reviewed to ensure that every statement is supported by
the data and any discussions or conclusions drawn from the study are supported by the data.
Findings will then be reported and corrective actions undertaken as described earlier.

20.5 Audit Report Format

The following paragraphs provide an example of how the laboratories may format an audit
repoii.

The audit repoii consists of a cover page for study information and additional page(s) with
the audit findings. All pages have header information containing the study protocol number, aÜdit
report date, and audit type. The audit repoii date is the date on which the EDSP QA team
member signs the audit report and sends it to the Study Director and management.

The cover page contains the study protocol title, number, and code; Sponsor; Study
Director; audit type; audit date(s); EDSP QA team member; distribution list; the dated signature
ofthe auditor; the date that the Study Director received the audit repoii; and the dated signatures
of the Study Director and management. The distribution list may include additional names for
individuals who have findings peiiaining to their area of responsibility (e.g., the ARF Manager
would address a finding peiiaining to the ARF) and is used to ensure that the report is sent to all
who need to respond. Subsequent page(s) contain the audit finding(s), any recommended
remedial actions, and space for the Study Director to respond to the findings and document
remedial actions taken or to be taken.

20.6 Response Actions and Resolution of Issues

The Study Director will respond to the TSA report within a specified number of working
days of receipt of the report as required by the laboratory's SOPs. There is no deadl ine for the
Study Director's response to an ADQ report except for the time constraint deriving from the
submission date of the final W A report. The /Study Director forwards the audit report to
management for review. Management adds comments as necessary, signs and dates the repoii

-90-



Project No.: WIL-431010
Battelle

EPA Contract No.: 68-W-01-023

Endocrine Disruptor Screening Program QAPP
Recombinant Aromatase Validation Study

Version 1

December 2004
Page 22 of 24

and returns it to the EDSP QA team member. The EDSP QA team member assesses the
responses and verifies the corrective actions. If a disagreement between the Study Director and
EDSP QA team member arises over a finding, it will be discussed among the other EDSP QA
team members. The EDSP QA team member will then present the majority opinion to the Study
Director for further consideration. If the disagreement remains, the issue will be reported to the
Study Director's management. The action decided on by management will be documented in the
QA files.

During an assessment, if the auditor determines that adverse health effects could result or
W A objectives of acceptable quality cannot be achieved, the auditor follows the Stop Work
Procedure specified in the EDSP QMP (Section 3.3).

20.7 Independent Assessments

The EDSP Battelle QA Mamager (QAM), or designee, may conduct an independent TSA
and ADQ during the conduct ofthis work assignment. Typically one independent audit may be
conducted during the work assignment. Ifmajor deficiencies are uncovered, additional
independent audits may be scheduled. The conduct and reporting of the audits will be consistent
with the procedures described in the EDSP QMP (Section 3.3).

In addition, the EDSP EP A QAM, or designee, has the option of conducting external
TSAs/ ADQs.

21.0 REPORTS TO MANAGEMENT

The QA Manager will send periodic reports to the study director and management, which
detail significant regulatory, protocol, and SOP issues. Also, the pai1icipating laboratories will
repoi1 to the EDSP Program Manager and W AL.

22.0 DATA REVIEW, VERIFICATION, AND VALIDATION

The data produced under this work assignment will be reviewed by the technical
personnel for the validation process and by EDSP QA team members for the verification process
(see section 23). The criteria used for validation depend on the type of data. For dose solution
sample data, information regarding the condition of the containers and whether or not samples
were compromised is recorded in the sample chain-of-custody records. Compromised samples
are not analyzed. The criteria for validating data are those found in Section 7 (Data Quality
Objectives).
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23.0 VERIFICATION AND VALIDATION METHODS

23.1 Chain of Custody for Data

Study data, records, and specimens will be maintained in a secure and designated location,
e.g., in the respective laboratory offices until study completion. Chain-of-custody procedures will
be implemented according to facility SOPs. Chain-of-custody information, including the date,
study record(s) removed or returned, and the name of the person removing or returning the data
will be documented. At study completion, the Study Director will follow the procedures specified
in the facility SOP for archiving study materials.

23.2 Data Validation

Data validation is a process by which the W A Leader/Study Director and/or other
technical personnel evaluate the data for conformance to the stated requirements for methodology
and quality. These personnel are responsible for reviewing the data, evaluating any technical
deviations or non-conformances, and then determining the degree to which the data meet the
quality criteria stated in Section 7.

23.3 Data Verification

Data verification constitutes part of the ADQ process performed by EDSP QA team
members and described earlier. Verification ensures that 1) the data are of high quality and were
collected according to the planning documents' requirements, and 2) the repOlied results
accurately reflect the raw data. Each data type will be evaluated against its collection and
reduction requirements specified in the planning documents. Errors discovered during the data
evaluation will be corrected. The reported conclusions drawn from the data are verified by EDSP
QA team members during the report audit to confirm that they are true and accurate. The
procedure for resolving issues of data verification has been detailed in prior sections of this
document.

24.0 RECONCILIATION AND USER REQUIREMENTS

Proposed methods for data analysis, including a test for statistical outliers, are specified in
the Study Plan and/or protocols.

25.0 REFERENCES

The following references were used to prepare the QAPP. Not all references are cited in
the text.
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1.0 OBJECTIVES

Task 3: Conduct of the Positive Control Studies in the Participatinq Laboratories

The objective of this protocol is to describe procedures for conduct ofthe aromatase
assay using recombinant microsomes. Positive Control Study refers to the use of 4-
hydroxyandrostenedione (4-0H ASDN, a known aromatase inhibitor) in the aromatase assay to
demonstrate the responsiveness of the assay to aromatase inhibitors.

Justification for test system: The test system for this study is recombinant 11icrosomes.
This test system was selected because it provides a biological source ofthe aro11atase enzyme
and, since the assay is being evaluated for its potential to serve as a screening assay, the use of a
human recombinant microsome enhances its predictive potentiaL.

Route of administration and reason for its choice: The route of administration is not
applicable since the test system is a microsome. The method used for treating the microsomes
will be to mix the microsomes, reagents, and test aiiic1e in a common reaction vessel so that
microsomal uptake ofthe test article can be used to evaluate the effect on enzymatic activity.

2.0 MATERIALS RECEIPT AND/OR PREPARATION

A sufficient supply of chemical reagents, radiolabeled and non-radiolabeled
androstenedione, and recombinant microsomes will be obtained prior to initiation of the first set
of experiments to ensme that sufficient quantities are available to conduct the studies.

2.1 Substrate

2.1.1 Substrate Name/Supplier

The substrate for the aromatase assay is androstenedione (ASDN). Non-radiolabelcd and
radiolabeled ASDN will be used. The non-radiolabeled ASDN and the radiolabeled
androstcnedioiie ((1 ß-JH)-androstenedione, (JH)ASDN) will be provided to the laboratories by
Battelle's Chemical Respository (CR). The CR will forward all applicable information
regarding supplier, lot numbers and reported/measured purity for the substrate to the laboratories
and this information will be included in study repoiis. The radiochemical purity of the

('H)ASDN (of each lot that is used) will be assessed by the lead laboratory as described in
Section 2.1.2

2.1.2 Radiochemical Purity (Lead Laboratory only)

The radiochemical purity of the ('H)ASDN will be determined using high performance
liquid chromatography (HPLC) and liquid scintillation counting. The HPLC system consists of a
Waters 2690 Separations Module, a Waters 2487 Dual À Absorbance Detector and a ß-RAM
Model 3 flow-through radioactivity detector (IN/US, Inc., Tampa, FL) with a 250 ilL glass
scintillaiit celL. Data will be collected using Waters MillenniumJ2 Client/Server Chromatography
Data System Software, Version 4.0.
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The HPLC method uses a Zorbax SB-CI8 column (4.6 x 250 mm) with a mobile phase of
55:15:30 (v:v:v) distilled, deionized water: tetrahydrofuran: methanol and a flow rate of
I mL/min. The eluant will be monitored by UV absorbance at 240 nm and by a flow-through
radiochemical detector. Eluant fractions will be collected manually into vials containing ca.
10 mL Ultima Gold and assayed for radiochemical content by liquid scintillation spectrometry
(LSS). A reference standard ofnonradiolabeled ASDN will be analyzed by the same method
and coelution of the nonradiolabeled and radiolabeled ASDN will be confirmed.

The radiochemical purity of the eH)ASDN will be greater than approximately 95
percent. If the radiochemical purity is less than 95 percent, then the Sponsor will be notified.

2.1.3 Preparation of Substrate Solution for use in Aromatase Assay

Since the specific activity ofthe stock eH)ASDN is too high for use directly in the assay,
a solution containing a mixture of nonradiolabeled and radiolabeled (3H)ASDN is prepared such
that the final concentration of ASDN in the assay is 100 nM and the amount of tritium added to
each incubation is about 0.1 ¡.Ci. This substrate solution should have a concentration of2 ¡.M
with a radiochemical content of about I ¡.Ci/mL.

The following illustrates the preparation of a substrate solution using a stock of
eH)ASDN with a specific activity of25.3 Ci/mmol and a concentration of 1 mCi/mL. Prepare a
I: I 00 dilution of the radiolabeled stock in buffer. Prepare a I mg/mL solution of ASDN in
ethanol and then prepare dilutions in buffer to a final concentration of i ¡.g/mL. Combine 4.5
mL ofthe i ¡.g/mL solution of ASDN, 800 ¡.L ofthe (3H)ASDN dilution and 2.7 mL buffer to
make 8 mL of substrate solution (enough for 80 tubes). Record the weight of each component
added to the substrate solution. After mixing the solution well, weigh aliquots (ca 20 ¡.L) and

combine with scintillation cocktail for radiochemical content analysis. The addition of ioa ¡.L of
the substrate solution to each 2 mL assay volume yields a final (3H)ASDN concentration of 100
nM with 0.1 ¡.Ci/tube.

2.2 Test Substances

4-0H ASDN is a known aromatase inhibitor.

2.2.1 4-Hydroxyandrostenedione (4-0H ASDN)

CAS No.: 566-48-3
Molecular Formula/Weight: CI9Hz60,; 302.4 g/mol
Supplier: Sigma
Lot No: tbd
Purity: tbd
Storage Conditions: 2-8°C (for bulk chemical, solution storage conditions to be
determined)
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2.2.2 Test Substance Formulation and Analysis

Test substance stock solutions will be prepared and analyzed by the CR and distributed to
the laboratories. 4-0H ASDN will be formulated in 95 percent ethanoL. The total volume of
test substance formulation Llsed in each assay should be no more than 1 % of the total assay
volume (i.e., 20 ¡.L in a 2 mL assay) in order to minimize the potential of the solvent to inhibit
the enzyme. Dilutions of the stock solution will be prepared in 95 percent ethanol on the day of
use such that the target concentration of inhibitor can be achieved by the addition of 20 ~iL of the
dilution to a 2 mL assay volume.

2.3 Microsomes

Recombinant microsomes will be supplied to each laboratory by the lead laboratory. The
microsomes must be stored at -70 to -80°C. The approximate protein content of the microsomes
will be provided.

Human recombinant microsomes will be obtained from Gentest™ (Woburn, MA;
www.gentest.com). The product name is Human CYP19 (Aromatase) Supersomes™ and the
catalog number is 456260. The Supersomes™ package size is 0.5 nmoles cytochrome P450 in
0.5 mL. Supplier-provided values for protein concentration, cytochrome c reductase activity,
and aromatase activity will be found on the data sheet accompanying each shipment and will be
included in the report.

On the day of use, microsomes are thawed quickly in a 37:l 1°C water bath and then are
immediately transferred to an ice bath. The microsomes will be rehomogenized using a Potter-
Elvejhem homogenizer (about 5-10 passes) prior to use. The microsomes are diluted in buffer
(serial dilutions may be necessary) to an approximate protein concentration of 0.008 mg/mL.
The addition of 1 mL of that microsome dilution will result in a final approximate protein
concentration of 0.004 mg/mL in the assay tubes. All microsome samples must be kept on ice
until they are placed in the water bath just prior to their addition to the aromatase assay. The
microsomes should not be left on ice for longer than approximately 2 hours before proceeding
with the assay or the microsomal enzyme activity may be decreased. Under no conditions
should microsomes be thawed and refrozen for later use in the assay.

2.4 Other Assay Components

2.4.1 Buffer

The assay buffer is 0.1 M sodium phosphate buffer, pH 7.4. Sodium phosphate
monobasic (JT Baker, cat # 4011-0 i, 137.99 g/mol) and sodium phosphate dibasic (JT Baker, cat
# 4062-0 i, 141.96 g/mol) are used in the preparation of the buffer. Solutions of each reagent at

0.1 M are prepared in distilled, deionized water and then the solutions are combined to a final pH
of 7.4. The assay buffer may be stored for up to one month in the refrigerator (2-8 0C).
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2.4.2 Propylene Glycol

Propylene glycol (JT Baker, cat # 9402-0 i, 76.1 g/mol) is added to the assay directly as
described below.

2.4.3 NADPH

NADPH (ß-nicotinamide adenine dinucleotide phosphate, reduced form, tetrasodium salt,
Sigma, cat # 1630, 833.4 g/mol) is the required co-factor for CYPI9. The final concentration in
the assay is 0.3 mM. Typically, a 6 mM stock solution is prepared in assay buffer and then 100
f.L of the stock is added to the 2 mL assay volume. NADPH must be prepared fresh each day
and is kept on ice.

3.0 PROTEIN ASSAY

The protein concentration of the microsome preparation will be determined on each day
of use of the microsomes in the aromatase assay. A 6-point standard curve will be prepared,
ranging from 0.13 to 1.5 mg protein/mL. The protein standards will be made from bovine serum
albumin (BSA). Protein will be determined by using a DC Protein Assay kit purchased from
Bio-Rad (Hercules, CA). To a 25 pL aliquot of unknown or standard, 125 pL of BioRad DC
Protein Kit Reagent A will be added and mixed. Next, i mL of BioRad DC Protein Kit Reagent
B will be added to each standard or unknown and the samples will be vortex mixed. The
samples will be allowed to sit at room temperature for at least 15 min to allow for color
development. The absorbances are stable for about 1 h. Each sample (unknown and standards)
will be transferred to disposable polystyrene cuvettes and the absorbance (01750 nm) will be
measured using a spectrophotometer. The protein concentration of the microsomal sample will
be determined by extrapolation ofthe absorbance value using the curve developed using the
protein standards.

4.0 AROMATASE ASSAY METHOD

The assays will be performed in 13x 100 mm test tubes maintained at 37:l i DC in a
shaking water bath. Propylene glycol (100 f.L), (3HJASDN, NADPH, and buffer (0.1 M sodium
phosphate buffer, pH 7.4) will be combined in the test tubes (total volume I mL). The final
concentrations for the assay components are presented in Table 1. The tubes and the microsomal
suspension will be placed at 37:l i DC in the water bath for five minutes prior to initiation of the
assay by the addition of 1 mL of the diluted microsomal suspension. The total assay volume will
be 2.0 mL, and the tubes will be incubated for 15 min. The incubations will be stopped by the
addition of methylene chloride (2.0 mL); the tubes will be vortex-mixed for ca. 5 s and placed on
ice. The tubes are then voiiex-mixed an additional 20-25 s. The tubes will then be centrifuged
using a Beckman GS-6R centrifuge with GH-3.8 rotor for 10 minutes at a setting of 1000 rpm.
The methylene chloride layer will be removed and discarded; the aqueous layers are extracted
again with methylene chloride (2 mL). This extraction procedure will be performed one
additional time, each time discarding the methylene chloride layer. The aqueoiis layers will be
transferred to vials and duplicate aliquots (0.5 mL) will be transferred to 20-mL liquid
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scintillation counting vials. Liquid scintillation cocktail (Ultima Gold, Packard, 10 mL) will be
added to each counting vial and shaken to mix the solution. The radiochemical content of each
aliquot will be determined as described below.

Table 1. Optimized Aromatase Assay Conditions

Microsomal Protein (mg/mL)a

NADPH (mM)a

lH1ASDN (nM)a

Incubation Time (min)
a Final concentrations

0.0125

0.3

100

15

0.004

0.3

100

15

Analysis of the samples will be performed using liquid scintillation spectrometry (LSS).
Radiolabel found in the aqueous fractions represents 3H20 formed.

Results will be presented as the activity (velocity) ofthe enzyme reaction. The amount
of estrogen product formed is determined by dividing the total amount of 3Hp formed by the
specific activity ofthe (3HJASDN substrate (expressed in dpm/nmol). The activity ofthe
enzyme reaction is expressed in nmol (mg proteinYlmin-1 and is calculated by dividing the
amount of estrogen formed by the product of mg microsomal protein used ti mes the incubation
time, e.g. 15 minutes.

5.0 USE OF THE AROMATASE ASSAY FOR MEASUREMENT OF ICso

5.1 Positive Control Study

Each study will test the response ofaromatase activity to the presence of six
concentrations of 4-0H ASDN. This study will be conducted in three independent replicates by
each paiiicipating laboratory. Each concentration of 4-0H ASDN will be run in triplicate tubes
in each Study. See Table 2 for the study design. Full enzyme activity control and background
activity samples will be included for each study. Fullenzyme activity controls will contain
substrate, NADPH, propylene glycol, buffer, vehicle (used for preparation of 4-0H ASDN
solutions) and microsomes. Background activity samples contain all full enzyme activity control
assay components except NADPH and serve as assay blanks. Four full enzyme activity control
and four background activity samples are included with each Study and are treated the same as
the other samples. The controls sets will be split so that two tubes (of each full enzyme activity
controls and background activity samples) are run at the beginning and two at the end of each
study set.

The assay will be conducted as described in Section 4.0 with the following modification.
4-0H ASDN solution (or vehicle) will be added to the mixture of propylene glycol, substrate,
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NADPH and buffer in a volume not to exceed 20 f.L prior to preincubation of that mixture. The
volume of buffer used will be adjusted so the total incubation volume remains at 2 mL.

Full enzyme activity control 4 Complete assay" with inhibitor N/A
vehicle control

Background Activity 4 Complete assay with inhibitor N/A
vehicle control omitting NADPH

4-0H ASDN Concentration i 3 Complete assay with 4-0H ASDN J x 10-6

added

4-0H ASDN Concentration 2 3 Complete assay with 4-0H 1 x 10-7

ASDN added

4-0H ASDN Concentration 3 3 Complete assay with 4-0H 5 x 10-8

ASDN added

4-0H ASDN Concentration 4 3 Complete assay with 4-0H 2.5 x 10-8

ASDN added

4-0H ASDN Concentration 5 3 Complete assay with 4-0H I x 10-8

ASDN added

4-0H ASDN Concentration 6 3 Complete assay with 4-0H I x 10-9
ASDN added

'The Complete Assay contains buffer, propylene glycol, microsomal protein, eH)ASDN and
NADPH

5.2 Data Analvsis and Presentation

The data to be reported will include the following information: assay date and run
nuiiber, technician, chemical and log chemical concentration, total DPM-background DPM, and
% activity. The DPMs for the background tubes should be subtracted from the tubes with Total
DPMs to provide DPMs for specific aromatase activity. A spreadsheet will be developed by the
lead laboratory that will be used to process the data into a final form for analysis and evaluation.
A working document detailing the conversion of the data from DPMs to nmol, as well as the
actual methods for calculations of the final aromatase activity will be distributed to the
laboratories. This process is briefly summarized below.

The spreadsheet calculates DPM/mL for each aliquot of extracted aqueous incubation
mixture and average DPM/iiL and total DPM for each aqueous portion (after extraction).
Multiplication of the volume (mL) of substrate solution added to the incubation by the substrate
solution radiochemical content (DPM/mL) yields the total DPM present in the assay tube at
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initiation. The total DPM remaining in the aqueous portion after extraction divided by the total
DPM present in the assay tube at initiation times 100 yields the percent of the substrate that was
converted to product. The total DPM remaining in the aqueous pOltion after extraction is
corrected for background by subtracting the average DPM present in the aqueous portion of the
background activity tubes (for that day/assay). This corrected DPM is then converted to nmol
product formed by dividing by the substrate specific activity (DPM/nmol). The activity of the
enzyme reaction is expressed in nmol (mg proteinY1min-i and is calculated by dividing the
amount of estrogen formed (nmol) by the product of mg microsomal protein used times the
incubation time. Average activity in the positive control samples for a given Study is calculated.
Percent of control activity remaining in the presence of various inhibitor concentrations is
calculated by dividing the aromatase activity at a given concentration by the average positive
control activity and multiplying by 100.

ICso will be calculated using Prism (Version 3.02) software to fit the percent of control
activity and log concentration data to a curve using the following equation:

Y=Botlom + (Top-Bottom)/(l + 1 O((LogIC;o-XlHilISlope))

Where: X is the logarithm of concentration
Y is the percent activity
Bottom is the lower plateau
Top is the upper plateau.

The data will be formatted as follows:

. One spreadsheet or table will display the DPMs for all assay tubes, calculations of

activity (nmol (mg proteinYlminI) etc.
. Another table will present the results of the analysis of variability of the assay and

will include:
(1) the variation between replicates within a single assay,
(2) the day to day (study-to-study) variation, and
(3) technician variation.

. Graphs of activity versus log chemical concentration.

. Table of lCsos by date, run, technician, assay method.

6.0 STATISTICAL ANALYSES

Concentration-response curves will be fitted to describe trends in the aromatase activity
percent of control responses. Full enzyme activity control and background activity values will
be compared across dai Iy repl icate tests for each test substance.
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6.1 Concentration Response Fits for the Test Substance

For the test substance multiple independent replicates ofthe concentration response curve
fit will be carried out. The number of replicates will be three.

For each replicate two repeat tubes ofthe positive controls and the background activity
samples will be prepared prior to the preparation of the repetitions of the inhibitor compound and
two repeat tubes ofthe positive controls and the background activity samples will be prepared
after the repetitions of the inhibitor compound are prepared. Three repetitions will be prepared
for each level of the inhibitor compound (4-0H ASDN).

For each repetition at each level the Excel database spreadsheet will include total DPMs
per tube and total aromatase activity per tube. The aromatase activity is calculated as the DPM,
normalized by the specific activity of the (3HJASDN, the mg of protein of the aromatase, and the
incubation time. The aromatase activity is corrected for the background DPMs, as measured by
the average of the background activity tubes. Thus the average aromatase activity across the
four background activity repeat tubes must necessarily equal 0 within each replicate. The total
DPM values are not corrected for background.

For each repetition within each inhibitor concentration, percent of control activity is
determined by dividing the aromatase activity for that tube by the average positive control
activity and multiplying by i 00. Nominally one might expect for an inhibitor the percent of
control activity values to vary between approximately 0% near the high inhibition concentrations
and approximately i 00% near the low inhibition concentrations. However individual
experimental percent of control activity values will sometimes extend below 0% or above 100%.
Thus upper and lower response curve plateaus need to be included in the response curve models,

Concentration response trend curves will be fitted to the percent of control activity values
within each of the repeat tubes at each inhibitor concentration. Concentration is expressed on
the log scale. In agreement with past convention, logarithms will be common logarithms (i.e
base 10). Let X denote the logarithm of the concentration of inhibitor compound (e.g. if
concentration = i 0-5 then X = -5). Let

Y " percent of control activity in the inhibitor tube
X " logarithm (base i 0) of the concentration
T " upper plateau ofthe concentration response curve

B " lower plateau of the concentration response curve
DA VG " average DPMs across the repeat tubes with the same inhibitor concentration
ß " slope of the concentration response curve (ß will be negative)
Jl " 10giolCso (IC50 is the concentration corresponding to percent of control activity equal
to 50%).

The followi ng concentration response curve wi II be fitted to relate percent of control
activity to logarithm of concentration within each replicate

Y = 8 + (T - 8)/(1 + 1O(I'-X)ßJ + E
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where E is the variation among repetitions, distributed with mean 0 and variance proportional to
DA YG (based on Poisson distribution theory for radiation counts). The response curve will be
fitted by weighted least squares nonlinear regression analysis with weights equal to
1 OOO/DA YG. Model fits will be carried out using Prism software (Yersion 3 or higher).

The concentration response fits will be carried out for each replicate test within each test
compound. Based on the results of the fit within each replicate the extent of aromatase
inhibition will be summarized as ICso (1 0 ~) and slope (ß). The estimated ICso for an inhibitor
compound will be the geometric mean across the replicates. The estimated overall standard elTor
will be based on the standard errors within each replicate and the replicate-to-replicate
variability. The average value and standard error of 10gioICso or ß can be calculated based on a

one-way random effects analysis of variance model fit.

6.2 Graphical and Analvsis of Variance Comparisons amonCl Concentration Response

Curve Fits

For each replicate the individual percent of control values will be plotted versus
logarithm of inhibitor compound concentration. The fitted concentration response curve will be
superimposed on the plot. Individual plots will be prepared for each replicate.

Additional plots will be prepared to compare the percent of control activity values across
replicates. For each replicate the average percent of control values will be plotted versus

logarithm of inhibitor concentration on the same plot. Plotting symbols will distinguish among
replicates. The fitted concentration response curve for each replicate will be superimposed on
the plot. On a separate plot the average percent of control values for each replicate will be

plotted versus logarithm of inhibitor compound concentration. The average concentration
response curve across replicates will be superimposed on the same plot with 95 percent
confidence intervals on average control values at each observed concentration. Replicate-to-
replicate variation will be treated as a random effect for purposes of calculating confidence
intervals.

For each replicate treat (ß, ¡.) as a random variable with mean (ßavg, ¡.avg) and covariance

,E (ß.~) across replicates. Let B"vg, Tavg denote the average bottom and top across the replicates.
Let

Z '= (Y - Bavg)/(T avg - Bavg)

L '= loglo(Z/(l - Z)).

The average response curve is expressed as

L '= ßavg(¡.avg - X)

with approximate standard errors of prediction of L at a given X based on ,E (ß.~) and propagation
of errors. These are used to calculate approximate confidence intervals for predictions at each X.
The linearized response curve and associated confidence intervals are back transformed to yield
the response curve in terms of percent of control, Y
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Y"vg = B"vg + (T"vg - B"vg)(lO ß"vg(~"vg-X)J/(l + 10 ß"vg(~"vg-X)J.

Slope (ß) and 10glOICso (11) will also be compared across replicates based on random
effects analysis of variance, treating the replicates as random effects. ß and 11 are estimated,
separately within each replicate, and plotted along with the average and associated 95%
confidence interval across replicates.

6.3 Neqative and Positive Control Values Across Replicates

Within each replicate quadruplicate repetitions will be made ofthe background activity
tubes and the positive control tubes. Half the repetitions will be carried out at the beginning of
the replicate and half at the end. Ifthe conditions are constant throughout the replicate test, the
control tubes at the beginning should be equivalent to those at the end. To assess whether this is
the case the control responses will be combined across replicates and expressed as percent of
(positive) control activity. The average of the four background activity samples within a
replicate must necessarily be 0 and the average of the four positive controls within a replicate
must necessarily be 100. The two beginning controls and the two end controls will be plotted by
replicate with plotting symbol distinguishing between beginning and end, and with reference line
0% (background activity) or 100% (positive control) respectively. These plots will display the
extent of consistency across replicates with respect to average value and variability and will
provide comparisons of beginning versus end of each replicate. Two-way analysis of variance
will be carried out, separately for the positive control tubes and the background activity tubes.
The factors in the analysis of variance will be replicate, portion (beginning or end), replicate by
portion interaction. The error corresponds to repetition within replicate and portion. The
response will be percent of control aromatase activity. If the daily replicates are in control the
portion main effect and portion by replicate interaction should be nonsignificant. Note that the
replicate effects will not be estimable because of the constrained totals within each replicate. For
purposes of evaluation replicate will be treated as a fixed effect. Ifportion by replicate
interaction is significant the nature ofthe effect will be assessed by comparing the portion effect
within each replicate to the portion effect averaged across replicates, adjusting for simultaneity
by Scheffe's method. The portion effect within each replicate and the portion effect averaged
across replicates, and associated 95% confidence intervals, will be presented graphically.

6.4 Variability Assessment

For the inhibitor test compound variability among replicates and variability among
repetitions within replicates will be estimated and assessed for statistical significance. The
response will be aromatase activity. These analyses will treat inhibitor concentration as a
classification variable and will include both the positive and background activity groups. The
factors in the mixed effects analysis of variance will be concentration group (including positive
and background activity groups), replicate, replicate by concentration interaction, and residual
variation. Residual variation corresponds to repetition within replicate and concentration.
Inhibitor concentration will be treated as a fixed effect. Replicate and replicate by concentration
interaction will be treated as random effects. The analysis of variance fit will incorporate
weights. The weight for responses in each concentration group will be based on the average of
the DPMs across all the replicates and repetitions within replicates associated with that
concentration group. The weight for each concentration group will be 1000/(Average DPMJ.
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Normal probability plots will be prepared to identify outlying replicates or repetitions.
Deviations of average within replicate from average across replicates within that concentration
group will be ordered and plotted on a normal probability scale. The differences will be
normalized by (Average DPMf' for their concentration group to adjust for differing variability
across concentration groups. Deviations of repetitions from average across repetitions within
replicate and concentration group will be ordered and plotted on a normal probability scale. The
differences will be normalized by (Average DPMJ" for their concentration group to adjust for
differing variability across concentration groups.

6.5 Statistical Software

Concentration response curves will be fitted to the data using the non-linear regression
analysis features in the PRISM statistical analysis package, Version 3 or higher. Supplemental
statistical analyses and displays such as summary tables, graphical displays, analysis of variance,
and multiple comparisons will be carried out using the SAS statistical analysis system, Version 8
or higher, or other general purpose statistical packages (e.g. SPSS).

6.6 Interlaboratory Statistical Analysis

The lead laboratory and each of the participating laboratories will carry out "intra-
laboratory" statistical analyses based on their test data, according to this common statistical
analysis plan, developed by the Data Coordination Center (Battelle). The Data Coordination
Center will carry out the "inter-laboratory" statistical analysis. It will combine summary values
developed in each of the intra-laboratory analyses to assess relationships among the laboratory
results (e.g. outlying laboratories), the extent oflaboratory-to-Iaboratory variation, and overall
consensus estimates among the laboratories.

The results ofthe intra-laboratory analyses will be concentration response curve fits
associated with the positive control inhibitor 4-0H-ASDN. For each inhibitor compound they
will also characterize variability among replicates and variability among repetitions within
replicates.

The inter-laboratory analysis will be based on the ICso and slope parameters of the
concentration response curve fits and the replicate-to-replicate and repetition within replicate
components of variation. The objectives of the inter-laboratory statistical analysis are to:

Determine the average values and variability among laboratories with respect to the
within-laboratory parameters mentioned above
Determine the coefficient of variation among laboratories for each of the within-
laboratory parameters mentioned above
Estimate the ratio of within laboratory variation to among laboratory variation for
each of the parameters
Identify outlying laboratories, if any
Assess the extent of variation across the inhibitor compounds of the coefficients of
variation among laboratories for each oftlie inhibitor compounds.
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For each endpoint a one-way mixed effects analysis of variance with heterogeneous
variances among the participating laboratories will be fitted to the summary responses within
laboratories. Laboratory will be treated as a random effect. Weights will incorporate laboratory-
to-laboratory variation and within laboratory variation. The within laboratory variation will be
the square of the standard error reported by each laboratory. The analysis of variance will
provide an estimated weighted average effect across all laboratories and its associated standard
error as well as an estimate ofthe laboratory-to-Iaboratory component of variation. The mixed
effects analysis of variance will be carried out using PROC MIXED in the SAS statistical
analysis system.

7.0 RETENTION OF RECORDS

All records that remain the responsibility ofthe testing laboratory will be retained in
the archives for the life of the contract.

8.0 QUALITY CONTROL/QUALITY ASSURANCE PROCEDURES

Quality control (Qc) and quality assurance (QA) procedures will follow those outlined in
the Quality Assurance Project Plan (QAPP) that will be prepared for this study. This study will
be conducted in compliance with the Federal Register, 40 CFR Paii 160, Federal Insecticide,
Fungicide and Rodenticide Act (FIFRA) Good Laboratory Practice Standards.

9.0 STUDY RECORDS TO BE MAINTAINED

. All records that document the conduct of the laboratory experiments and results
obtained, as well as the equipment and chemicals used

. Protocol and any Amendments

. List of any Protocol Deviations

. List of Standard Operating Procedures

. Quality Assurance Project Plan (QAPP) and any Amendments

. List of any QAPP Deviations
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Introduction
The objective of this work is to determine the radiochemical purity of the ¡3H)ASDN to be

used in the conduct of W A 4-16 and WA 4-17. The criteria for acceptance of the material for this
use is 95% radiochemical purity as determined by high performance liquid chromatography
(HPLC) and liquid scintillation counting.

Materials and Methods
eH)Androstenedione ((3H)ASDN) of lot number 3538496 was received from Perkin Elmer

Life Science (Boston, MA).

The radiochemical purity of the eH)ASDN (1:100 dilution in ethanol) was determined
using high performance liquid chromatography (HPLC) and liquid scintillatjon counting. The
HPLC system consists of a Waters 2690 Separations Module, a Waters 2487 Dual II Absorbance
Detector and a ß-RAM Model 3 flow-through radioactivity detector (IN/US, Inc., Tampa, FL) with a
250 ¡.L glass scintilant cell. Data was collected using Waters Millennium32 ClienUServer
Chromatography Data System Software, Version 4.0.

The HPLC method used a Zorbax Rx-C18 column (4.6 x 250 mm) with a mobile phase of
55:15:30 (v:v:v) distilled, deionized water: tetrahydrofuran: methanol and a flow rate of 1 mUmin.
The eluant was monitored by ultraviolet (UV) absorbance at 240 nm and by a flow-through
radiochemical detector. Eluant fractions were collected manually into vials containing ca. 10 mL
Ultima Gold and assayed for radiochemical content by liquid scintillation spectrometry (LSS)

Results
The HPLC radiochromatogram of the ¡3H)ASDN, lot number 3538496, is presented in

Figure 1. The measured radiochemical purity of the ¡3H)ASDN was 97%.

Figure 1. HPLC Radiochromatogram of ¡3H)ASDN
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Conclusion
¡3H)ASDN, lot number 3538496, is acceptable for use on WA 4-16 and WA 4-17.
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ANALYTICAL CHEMISTRY ACTIVITIES REPORT

4-HYDROXYANDROSTENEDIONE (4-0H ASDN)

CAS No.: 566-48-3 Lot No.: 063K4069 (Sigma Aldrich)

Receipt Date: 10/22/04

Appearance: Solid

Storage Conditions (02 Battelle): Refrigerated (-5°C)

Amount Received: 3.1 g

Vendor Purity: 99% by TLC

STRUCTURE: MoL. Wt.: MoL. Formula:

302.41 g/mol C19H260)

Prepared By: Approved By:

Denise A. Contos, M.S Steven W. Graves, B.S.
Manager, Chemistry Technical Center
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QUALITY ASSURANCE STATEMENT

This study was inspected by the Quality Assurance Unit and reports were submitted to the Study Director and

Management as follows:

Phase Inspected
Test substance receipt

Dispensing*

Formulation analysis*

ForinulaÜon preparation *

Audit analytical report

Audit study file

Audit analytical repoii

Inspection Date
10/26/2004

12/ 2/2004

12/2/2004

12/ 2/2004

7/26/2005

7/26/2005

Date Reported to Study
Director/Management

10/26/2004

12/ 2/2004

12/2/2004

i 2/ 2/2004

7/26/2005

7/26/2005

* These inspections are serving the purpose for all reference chemicals since QA was required to see only one phase

inspection of a chemicaL.

Quality Assurance Unit
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EXECUTIVE SUMMARY

The title compound, 4-hydroxyandrostenedione, was analyzed in support of the EPA Placental and Recombinant

Aromatase Assay Prevalidation Work, Work Assignment 4-16/17.

The solubility of 4-hydroxyandrostenedione was determined to be acceptable in 95% ethanol for preparing

formulations.

A formulation analysis method was developed and validated to analyze 4-hydroxyandrostenedione in 95%

ethanol at a concentration of3.02 mg/mL (0.0 1M). This method was used to analyze samples from both formulation

and formulation storage stability studies at 3.02 mg/mL.

The storage stability study indicated that a 3.02 mg/mL formulation stored in sealed amber glass bottles and

protected from light was stable for 173 days at approximately 5°C.

The stock formulation prepared for shipment to the testing laboratory was analyzed and met the established

acceptance criteria.
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1 INTRODUCTION

The purpose of this work was to provide all necessary chemistry support activities for 4-

hydroxyandrostenedione on EP A Work Assignment 4-16/17, and consisted of:

. determining solubility in 95% ethanol

· developing and validating a formulation analysis method

. conducting a storage stability study

. preparing and analyzing a stock formulation.

This work was done at Battelle, 505 King Avenue, Columbus, OH 43201.

2 CHEMICAL RECEIPT AND STORAGE

One 20-mL amber glass bottle of 4-hydroxyandrostenedione, 063K4069, was received from the repository at

Battelle's Marine Science Laboratory in Sequim, W A on October 22,2004. The label amount indicated 3.1 grams

was sent. The chemical was received and subsequently stored at approximately 5°C.

A copy ofthe manufacturer's Certificate of Analysis for this lot is shown in Figure 1. This states that purity was

99% based on thin layer chromatography (TLC).
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Cert
Product Name
Product Number
Product Brand

CAS Number
I'1olecular Formula
I'1olecular Weight

TEST
APPEARANCE
SOLUBILITY
ELEI'1ENTAL ANALYSIS
PROTON NI'1R SPECTRUM
PURITY BY THIN LAYER CHROl'1ATOGRAPHY

QC ACCEPTANCE DATE

Lmi Schulz, Manal;j8t
Analytical Ser/ices
St. Loui:; Missouri US.A.

4-Andro5ten-4-ol-3 ,1 ì -dione,
A5ì91
SIG~'1
566-48-:3

:302.41

LOT IU::5IJLr5
WHITE POWDER

CLEAR COLORLESS SOLUTION AT 10 r"lG/rviL OF IvlETHANOL

ì5.45% CARBOr'J

CONSISTENT \.'VITH STRUCTURE

99Cl~:O

JUNE 200:3

Figure 1 - Certifcate of Analysis
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3 SOLUBILITY STUDIES

A solubility study was conducted to determine the solubility of 4-hydroxyandrostenedione (4-0H ASDN) in

95% ethanol, at a concentration of at least 30.2 mg/mL. The 4-hydroxyandrostenedione (0.30200:: 0.0.03020 g)

was weighed into a I O-mL volumetric flask, diluted to approximately 80% volume with 95% ethanol, sealed and

shaken to mix. The flask was diluted to volume with 95% ethanol, sealed, shaken, sonicated for ~50 minutes and

stirred. The 4-0H ASDN did not go into solution.

A second solubility study was conducted to determine the solubility of 4-0H ASDN in 95% ethanol, with a

solubility of at least 3.02 mg/mL being required for acceptability. The 4-0H ASDN (0.03020:: 0.0.00302 g) was

weighed into a i O-mL volumetric flask, diluted to approximately 80% volume with 95% ethanol, sealed and shaken

to mix. The flask was diluted to volume with 95% ethanol, sealed, shaken and sonicated for ~2 minutes. The 4-0H

ASDN went into solution. This experiment showed that 95% ethanol was an acceptable solvent for the 3.02 mg/mL

formulation (O.OlM).

4 FORMULATION ANALYSIS METHOD PERFORMANCE EVALUATION (MPE)

This section describes the evaluation of a method developed to analyze formulations of

4-hydroxyandrostenedione in 95% ethanol at a target concentration on .02 mg/mL (0.01 M) for the stability study

and the results and conclusions from this evaluation.

4.1 Method Development

Method development for this chemical involved the evaluation of various chromatographic columns and

conditions. The selected method was one which produced acceptable retention time for the major peak,

apparent resolution of significant impurities and acceptable peak shape. The detection method chosen was gas

chromatography with flame ionization detection (GC/FID).

4.2 Method

The GC parameters for 4-hydroxyandrostenedione are presented in Table 1.

Battelle Study No. W A 4- i 6/17 3 -122-
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Table 1 - GC System

GC

Column

Carrier Gas and Flow Rate

Oven Temperature

Detector Type

Detector Flow Rates

Detector Temperature

Injector Temperature

Injection Volume

Injection Mode

Run Time

Agilent 6890 (Palo Alto, CA)

RTX-5, 30 m x 0.25 mm (ID), 0.25 ~lm film thickness (Restek, Bellefonte, PA)

Helium at 2 mL/minute

150°C, hold for I minutes, increase at 15°C/minute to 320°C

Flame Ionization

Hydrogen at 30 mL/minute; Air at 380 mL/minute

320°C

250°C

1 ¡.L

Split 1: 0

- I 2 minutes

4.3 Method Validation

Validation was accomplished using a single experiment.

Triplicate vehicle/calibration standards at the highest and lowest of four concentrations were prepared. A

single standard was prepared at each intermediate concentration. The high and low concentrations were used to

assess the precision ofthe method. The precision of the low concentration was used to calculate limits of

detection (LOD) and quantitation (LOQ). Triplicate vehicle blanks with and without internal standard (IS) were

used to assess the specificity of the method.

4.3.1 Preparation of Standards and Blanks

4.3.1. Internal Standard (IS)

Fifty (50) milligrams of benzophenone was added to a 25-mL volumetric flask. The

flask was diluted to volume with methanol, sealed, and mixed welL.

4.3.1.2 Stock Standards

Two stock standards (A,B) were prepared by accurately weighing 25 :t 1.0 mg of

4-hydroxyandrostenedione (4-0H ASDN) each into individual 25-mL volumetric flasks and

dissolving in and diluting to volume with methanoL. This produced stocks A and B with target

concentrations of 1000 ¡.g/inL each.

4.3.1.3 Vehicle/Calibration Standards

Vehicle/calibration standards were prepared as shown in Table 2. The flasks were

diluted to volume with methanol, and mixed welL. Triplicate vehicle/calibration standards were
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prepared at the low and high concentrations with single vehicle/calibration standards prepared at

the two intermediate concentrations.

Table 2 - Preparation of Vehicle/Calibration Standards

Vehicle/Calibration Target Final Cone S Source Volume is 95% Ethanol Final VolumeStd /mL ouree mL mL mL mL
VS1

VS2

500

300

200

100

A

B

A

B

5

3

2

10

10

10

10

VS3

VS4

4.3.1.4 Blanks

Triplicate blanks without is were prepared by pi petting 1 mL of 95% ethanol into three

individual 1 O-mL volumetric flasks. The flasks were diluted to volume with methanol, sealed,

and mixed welL.

Triplicate blanks with is were prepared by pipetting 1 in is and 1 mL of95% ethanol

into three individual 1 O-mL volumetric flasks. The flasks were diluted to volume with methanol,

sealed, and mixed welL.

4.3.2 Analysis

A portion of each vehicle/calibration standard and blank was transferred to individual

autoinjector vials and the vials were sealed. Single injections were made from each vial using the same

chromatographic system and parameters determined during method development (Table 1).

4.3.3 Calculations

The integration of the 4-0H ASDN and is peaks by the chromatography data system was

evaluated to assure it was correct in all chromatograms and manually reintegrated, if necessary. A linear

regression equation weighted llx was calculated relating the response ratio of 4-0H ASDN divided by

the is (y) to the concentration of the vehicle/calibration standards (x). The concentration of each

vehicle/calibration standard was calculated using its individual response ratio and the regression equation.

These values were used to calculate the individual and average concentrations, percent relative errors

(RE), standard deviation (s), and percent relative standard deviation (RSD) as appropriate for the

vehicle/calibration at each concentration.
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4.3.4 Results

Specificity is shown by representative overlaid chromatograms from high and low

vehicle/calibration standards, blank with is, and a blank from the validation data as presented in Figure 2.

The blank and blank with is exhibited no peaks that would significantly interfere with the

4-0H ASDN or is peaks.

50

- .. - /.. 0

IS

STD4.~
~L STD1

BLI\+IC:

BLI\

i

4 HYDRO'.IY AI\JDROC'TEI'.JDIONEOJ
~300
()
Q."
'D
a:

250

200

150

100

2 '" 4 5 6 7 8 9
Reterition time

Figure 2 - Representative Overlaid Chromatograms from a High and Low Vehicle/Calibration Standard,

Blank with Internal Standard, and Blanl.. from the Validation (Shown Top to Bottom)

The regression analysis results from the validation standard curve indicate linearity and are

shown in Table 3.

Table 3 -Regression Analysis Validation Results

~
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The vehicle/calibration standard validation results are shown in Table 4.

Table 4 -Vehicle/Calibration Standard Validation Results

Nominal Std Cone Detd Std Cone
Avg

s Avg
Detd Std Cone %RSD %RE

(i.ig/mL) (~g/mL) /mL (~g/mL ) %RE

496.8 -1.9

506.4 494.5 509.6 24.2 4.7 -2.3 0.6

537.5 6. i

298.1 298.4 NA NA NA -2.9 NA

202.5 198.8 NA NA NA -1.9 NA

100.7 1.
99.38 99.98 100.4 0.4 0.4 0.5 1.0

100.5 1.

The method validation sensitivity was 1.2 ~Lg/mL, the limit of detection (LOD), which is defined

as three times the standard deviation of the low vehicle/calibration standard. This is equivalent to a

formulation concentration of 12 ~Lg/mL when a formulation is diluted 1 to 10 for analysis. The limit of

quantitation (LOQ), was 4.2 ~Lg/mL, defined as ten times the standard deviation of the lowest standard

because there was no blank response. This is equivalent to a formulation concentration of 42 ¡.g/mL

when a formulation is diluted 1 to 10 for analysis. The estimated limit of quantitation (ELOQ), defined as

the lowest standard with acceptable accuracy and precision, was 99.38 ~g/mL.

4.3.5 Conclusions

The method met all acceptance criteria for precision, accuracy, linearity, sensitivity and

specificity. The method was suitable for the stability study and subsequent formulation analyses for

which it was used.

5 FORMULATION STABILITY STUDIES

A formulation stability study was conducted at a concentration of3.02 mg/mL (0.01 M) in 95% ethanol for

173 days in sealed, amber glass bottles stored at approximately 5°C.

5.1 Study Design

A sample was analyzed on the day of preparation (Day 0) and Day 14. A second sample was analyzed on

the day of preparation (Day 0), Day 27, 54, 83 and 173. Three aliquots were analyzed from each sample at each

storage time.
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5.2 Formulation Method

A formulation was prepared on November 10,2004 (Day 0) for the storage stability study at a target

concentration of3.02 mg/mL (0.01 M) in 95% ethanol by accurately weighing 75.50:l 0.75 mg of 4-0H ASDN

into a 25-mL volumetric flask. The chemical was dissolved in and diluted to approximately three quarters of the

total volume with 95% ethanoL. The flask was sealed, sonicated for 10 mintues and allowed to cool to room

temperature. The flask was diluted to volume with 95% ethanol, sealed, and mixed welL.

Approximately 6 mL offonnulation was transferred into each of four, 8-mL amber glass vials which were

then sealed. One vial was used for the Day 0 analysis and the other three were stored at approximately 5°C until

use. After 14 days of storage, a vial was removed from the refrigerator, allowed to warm to room temperature,

and triplicate aliquots were prepared and analyzed.

A second formulation was prepared on December 2, 2004 (Day 0) at a target concentration of

3.02 mg/mL (0.01 M) in 95% ethanol by accurately weighing 151.00 :l 0.50 mg into a 50-mL volumetric flask.

The flask was diluted to ~80% volume with 95% ethanol, sealed and mixed welL. The flask was diluted to

volume with 95% ethanol and mixed welL. Approximately 18 mL were dispensed into an amber glass bottle,

sealed and stored refrigerated. A formulation sample aliquot was prepared for analysis on Days 0, 27, 54, 83

and 173 for storage stability determination.

5.3 Analysis Method

Vehicle/calibration standards, blanks with and without is were prepared as described in the validation

experiment (Section 4.3.1) of this report.

1n triplicate, 1mL of the formulation and 1 mL ofIS were pipetted into three individual10-mL

volumetric flasks, diluted to volume with methanol, sealed and mixed welL. An appropriate volume of each was

transferred to an autoinjector vial and the vials were sealed and analyzed using the chromatographic system in

Table 1.

5.4 Results

The results from the storage stability study are shown in Table 5 and presented in control chaii format in

Figure 3.
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Table 5 - Formulation Storage Stability Results (3.02 mg/mL)
Preparation Analysis D Detd Cone Avg Detd Cone % of Day 0 ConeDate Date ay (mg/mL) m /mL :t s :t s

11/1 0/04 11/1 0/04 0 2.871 2.873 2.928 2.89HO.032 100.0:10.3

11/1 0/04 I 1/24/04 14 3.080 3.085 3.149 3.080:10.071 106.5:12.5

12/2/04 12/204 0 3.005 3.022 3.005 3.0 1HO.0 I 0 100.0:10.3

12/2/04 12/29/04 27 3.168 3.123 3.117 3.136:0.028 104.2:10.9

12/204 1/25/05 54 3.008 3.126 3.110 3.08HO.064 102.3:12.1

12/2/04 2/23/05 83 3.027 3.131 3.216 3.125:10.095 103.8:13.1

12/204 5/24/05 173 3.126 3.142 3.129 3.133:t0.008 104.HO.03

For the sample prepared 11/1 0/04, the pooled relative standard deviation ofthe analytical method was

1.9%. This means that there would have to be a difference of more than 4.4% from the Day 0 value for the

difference to be statistically significant at a 95% confidence leveL.

For the sample prepared 12/2/04, the pooled relative standard deviation of the analytical method was

1.8%. This means that there would have to be a difference of more than 4.0% from the Day 0 value for the

difference to be statistically significant at a 95% confidence leveL.
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4-0H ASDN
(3.02 mg/mL Prepared 11-10-04)
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~ 100.0
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(3.02 mg/mL Prepared 12-2-(4)
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Figure 3 - Control Charts for the Storage Stabilty Studies
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5.5 Discussion and Conclusions

The concentration of the samples stored at approximately 5°C protected from light in amber glass vials

for Day 14 was above the upper significance level but was within 6.5% of the Day 0 value (prepared 11/10/04).

Concentrations for Day 54 and 83 samples were within the upper and lower significance levels and Day 27 and

Day 173 were just above the upper significant leveL. A linear trend analysis indicated there was no significant

trend to changing concentration over time for the samples. These data indicate the formulation was stable when

stored protected from light at approximately 5°C for 173 days.

6 FORMULATION PREPARATIONS AND ANALYSES

Formulations were prepared and analyzed on 12/2/04, 1/25/05,3/21/05 and 6/27/05 according to SOP No.

COMSPEC.II-027, "Standard Operating Procedure (SOP) for the Formulation and Analysis of

4-Hydroxyandrostenedione (4-0H ASDN) in 95% EthanoL." This section describes the method, results, and

conclusions.

6.1 Preparation of Formulations

An accurate weight of i 5 i .00:: 0.50 mg of 4-0H ASDN was added to a 50-mL volumetric flask. The

flask was diluted to -80% volume with 95% ethanol, sealed and mixed welL. The flask was diluted to volume

with 95% ethanol and mixed welL. This produced a target concentration of3.02 mg/mL (0.01 M) 4-0H ASDN

in 95% ethanoL.

6.2 Preparation of Standards and Blanks

Standards and blanks were prepared as described for the method validation, Section 4.3.1 of this report.

6.3 Preparation of Formulation Samples

One (I) mL of the foniiulation and 1-mL ofIS were pipetted into three individual i O-mL volumetric

flasks, diluted to volume with methanol, sealed, and mixed welL.

6.4 Analysis

Auto injector vials were filled with aliquots of each standard, blank and sample. A single injection was

made from each vial using the GC conditions from the method validation (Table 1).

6.5 Calculations

The peaks for 4-hydroxyandrostenedione and the IS were integrated for each injection by the

chromatography data system. Any peak with improper integration was manually reintegrated. A linear

regression equation weighted 1/x was calculated relating the response ratio (4-hydroxyandrostenedione/lS) (y)

to the concentration of the vehicle/calibration standards (x). This regression equation and the response ratios

Battelle Study No. W A 4-16/17 i i -130-



Project No.: WIL-431010
Battelle

EPA Contract No.: 68-W-01-023

were used to calculate the concentration in each standard and formulation sample. The percent relative error for

each standard was calculated by subtracting the nominal value from the determined value, dividing by the

nominal value, and then multiplying by 100. The percent relative error for each formulation sample was

calculated by subtracting the target value from the determined value, dividing by the target value, and then

multiplying by i 00. The average determined concentration, standard deviation, and percent relative standard

deviation were calculated for the vehicle/calibration standards and formulation samples when applicable.

6.6 Results

Specificity is shown by the representative overlaid chromatograms of the high and low standards, blank

with internal standard and a blank presented in Figure 4.

~i.....(r'f~'("¡ .x:y.il,NDR1)STEi....:::r)!i::iNE

R~$:il\nmg¡:ift't-Ìftl*

4

l~~t,~~nt:fjJn t#rif,6

Figure 4 - Representative Overlaid Chromatograms of a High and Low Vehicle/Calibration Standard,
Blank with is, and Blank from Formulation Analysis Batch l-ASDN and Batch 2-ASDN (Shown Top to

Bottom)
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The regression analysis results of the vehicle/calibration standard curves indicated linearity and are

shown in Table 6.

Table 6 -Regression Analysis Results

Slope y-Intercept Correlation Coeffcient Standard Error

0.0038

-0.0140

-0.0037

-0.0251

-0.0218

0.9999

1.000

0.9999

0.9999

0.0117

0.0061

0.0100

0.0104

0.0038

0.0035

0.0036

The results of the formulation analyses are shown in Table 7.

Table 7 - Formulation Analysis Results

Batch Det'd Cone (mg/mL) Avg Det'd Conc (mg/mL) Avg % RE % RSD

1-ASDN

2-ASDN

3-ASDN

4-ASDN

3.005 3.022 3.005

3.049

3.011

3.065

3.076

2.946

-0.3 0.3

3.112 3.053

2.945

3.063

1.
1.9

-2.5

0.7

1.0

0.1

3.056 3.089

2.943 2.950

The formulations met acceptance criteria (RE within 10% oftarget and RSD of:: 10%).

6.7 Conclusions

The average concentration of the stock formulations and their percent relative standard deviation were

within acceptance criteria. Therefore the formulations were suitable for use.
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Aliquot #
1

2
3

4

5

Weight of
aliquot (g)

0.0200
0.0199
0.0200
0.0199
0.0197

DPM/Aliq.
26459.69
28145.74
28220.33

28237.6
28552.89

DPM/g
soln.
1322985
1414359
1411017
1418975
1449385

Average DPM/g soln
SD
CV

1403344
47439

3.38

I1Cilg soln 0.632

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution

Stock
Dilution A

Dilution B

mg ASDN
added
10.3

total volume
(mL)

10

dilution
factor

100

10

(ASDNJ in solution (,LLg/mL)

1030.00
10.30
1.03

Calculation of concentration nonradiolabeled ASDN in substrate solution
Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

8.1778g
4.5853 9

0.577522 I1g/9

Calculation of Substrate Solution Specific Activity

1) Calculate ,ig ¡'HjASDN/g soln. = 0.00716 flg/g soln

flg/g soln.
a. ,LCilg soln

b. Specific activity of ¡'HjASDN (,ICi/mmol)
c. Molecular wt of ASDN (mg/mmol)

0.632
25300000

286.4

Formula=a/b*c

2) Calculate total fl9 ASDN/g soln.

,ig ASDN/g soln= ,ig cold ASDN/g soln. + fl9 ¡'HJASDN/g soln.

0.577522 + 0.00716
0.584678 fl9 ASDN/g soln

3) Calculate Solution Specific Activity

= (,ICilg soln.)/(,lg ASDN/g soln.)
1.081 ,iCi/eLg ASDN

687417 dpm/nmol

WIL Recombinant Replicate 1 v2 WORKSHEETxls;
Substrate Specific Activity

5/6/2005;
10:14AM 1 of 6
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Aliquot #
1

2

3

4
5

Weight of
aliquot (g)

0.0197
0.0200
0.0200
0.0200
0.0199

DPM/Aliq.
29012.57
29935,81
30547.69
30930.61
30927.63

DPM/g
soln.
1472719
1496791
1527385
1546531
1554152

Average DPM/g soln
SD
CV

1519515
34270

2.26

i.Cilg soln 0.684

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution
Stock
Dilution A

Dilution B

mg ASDN
added

10.1

total volume
(mL)

10

dilution
factor

100

10

(ASDN) in solution (/1g/mL)
1010.00

10.10
1.01

Calculation of concentration nonradiolabeled ASDN in substrate solution
Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

8.1602 9

4.5807 9

0.56696

Calculation of Substrate Solution Specific Activity

1) Calculate /1g lHjASDN/g soln = 0.00775 ~ig/g soln.

/1g/g soln.
a. /1Cilg soln

b. Specific activity of lHJASDN (/1Cilmmol)
c Molecular wt of ASDN (mg/mmol)

0.684
25300000

286.4

Formula=a/b*c

2) Calculate total /1g ASDN/g soln.

~ig ASDN/g soln.= /1g cold ASDN/g soln. + /1g lHJASDN/g soln.

0.566960 + 0.00775
0.574708 /1g ASDN/g soln.

3) Calculate Solution Specific Activity

= (f.Ci/g soln.)/(~ig ASDN/g soln.)
1.191 ~iCi//19ASDN

757235 dpm/nmol

WIL Recombinant Replicate 2 v2 WORKSHEETxls;
Substrate Specific Activity

5/6/2005 ;
10:15AM 1 of 6

-140-



Project No: WIL-431010
Battelle

Q
~0a

~
èi

a ;'

~ ::
g S
- ~

~ ~

" Æ5
'" 0_
~

~ dj
c in

è- ~w
èi"

Q

I
"

c
roc

1
~ øca ~

1

~
'0

I

m
~m

0 "..

Z0
VJ
'"I
~
Q ..

ii ~
m

~ .~
0

fr
0 '"

81

š
~

m inro

l
0
~
ro~~ 0 ü5'"

~

~
a
"Ej

~(l

~~D~efu:i
~Ê~Er-U:'(W

m ~
~ E-
O Ò

u"

,,
'"

*
èi

~

o

j
m~
'"
.~

'0m
1§t-
~ VJ.' w
~ ~~ -l

l'

~
co

i
'"

000000000000 nuiigggggg "LE.o
cì c: ci c: c: c:

~
~
~
'"

~
m'"
m,N

~
'2

* ~
6."-
'"
E

~m
~
~ ::
-g 2-
~
Ci
m

~ ~
~ e
" ~
'0 VJm W

"
U 0
~ VJ

'"

.~ "'
m m
ë ~
~ ~

Ë E

u
","

,,
'"

-141-

EPA Contract No.: 68-W-01-023

in
o
N

u--:20'"

; :

¡,x
f-
w
Wi
VJ
'"
'"o
S
N,
N
m

~ ~~um c

i ~

~ ~§ G=

(t'D

~ £



T
es

t
A
s
s
a
y
 
D
a
t
e
 
4
/
7
/
2
0
0
5
 
C
h
e
m
i
c
a
l
l
D
 
4
-
0
H
 
A
S
D
N

# 
C

on
ce

nt
ra

tio
ns

te
st

ed

O
J 

""
m

 ..
.-

 0
ro

m
'

=
 (

)
C
D
 
.
- Z o

T
ec

hn
ic

ia
n

I
D
 
J
G

R
ep

lic
at

e 
#

M
i
c
r
o
s
o
m
e
 
t
y
p
e
 
r
e
c
o
m
b
i
n
a
n
t

M
i
c
r
o
s
o
m
e
 
I
D
 
M
E
T
~
0
2
5
4
A
 
V
i
a
l
 

51
 

Pr
ot

ei
n 

st
oc

k
(
m
g
/
1
0
 
m
L
)
 
P
r
o
t
e
i
n
 
s
t
o
c
k
 
I
D

25

~ r i .t W -i a -i a

St
an

da
rd

s:

Sa
m

pl
es

:

m
g
 
P
r
o
t
e
i
n

~
iL

 S
ta

nd
ar

d
m
g
 
P
r
o
t
e
i
n

A
m

.
A

ad
J

C
ur

ve
pe

r 
,lL

L
U

se
d

M
ea

su
re

d
O

ut
pu

t
V

ar
ia

bl
es

R
eg

re
ss

io
n 

re
su

lts
0.

00
15

0
25

0.
03

75
04

08
0.

37
5

0.
03

67
m

, b
0.

09
9

0.
00

0
0.

00
10

0
25

o 
02

50
02

95
0.

26
2

0.
02

55
se

m
i s

eb
0.

00
3

0.
00

1

0.
00

07
5

25
0.

01
88

0.
23

1
0.

19
8

0.
01

91
r,

 s
ey

0.
99

7
0.

00
1

0.
00

05
0

25
0.

01
25

0.
17

2
0.

13
9

0.
01

33
F

, d
f

12
49

4

0.
00

02
5

25
0.

00
63

0.
10

1
0.

06
9

0.
00

63
SS

,,,
g,

SS
ra

sk
J

0.
00

1
0.

00
0

0.
00

01
3

25
o 

00
33

00
61

0.
02

8
0.

00
23

R
eg

re
ss

io
n 

re
su

lts
 a

re
 c

al
cu

la
te

d 
us

in
g 

th
e 

fu
nc

tio
n

B
la

nk
0.

03
3

~=
0.

99
7

L
1N

E
ST

m
=

0.
09

9
b=

0.
00

0
i .. .. N

F
in

al
 v

ol
.

i
m
g
 
p
r
o
t
e
i
n

ilL
 d

ilu
te

d 
V

ol
 u

so
m

e 
D

ilu
te

d 
us

om
es

m
g
 
p
r
o
t
e
i
n
/
¡
.
L

A
m

.
A

ad
j

m
ea

su
re

d
¡L

S
O

M
E

S
 p

re
p.

 C
ul

l
(¡

L
L

)
Pr

ep
av

er
ag

e 
m

gl
i.L

 m
g/

m
L

0.
12

9
00

96
0.

00
9

25
98

20
00

0.
00

7
0.

00
7

72
80

0.
13

0
0.

09
7

0.
00

9
25

9.
8

20
00

0.
00

7
0.

12
4

00
91

0,
00

9
25

98
20

00
0.

00
7

W
IL

 R
ec

om
bi

na
nt

 R
ep

lic
at

e 
2 

v2
 W

O
R

K
S

H
E

E
T

.x
ls

;
Pr

ot
ei

n
5/

6/
20

05
:

10
:1

5A
M

m "" ): () 0 ~ .. m $1 Z ? O
J

C
X i 2: i a -i i a N

3 
of

 6
W



A
ss

ay
 D

at
e

C
he

m
ic

al
4
/
7
/
2
0
0
5
 
1
0
 
4
-
0
H
 
A
S
O
N

R
ep

lic
at

e
#

# 
C

on
ce

nt
ra

tio
ns

te
st

ed

M
ic

ro
so

m
e 

D
ilu

tio
n 

D
et

ai
ls

D
ilu

tio
n 

A
0.

09
8 

m
L 

m
ic

ro
so

m
e 

S
to

ck
 u

se
d

2 
m

L 
to

ta
l v

ol
um

e
20

.4
08

16
 d

ilu
tio

n 
fa

ct
or

D
ilu

tio
n 

B
0.

8 
m

L 
m

ic
ro

so
m

e 
D

ilu
tio

n 
A

 u
se

d
35

 m
L 

to
ta

l v
ol

um
e

43
.7

5 
di

lu
tio

n 
fa

ct
or

D
ilu

tio
n 

C
 (

if 
ap

pl
ic

ab
le

)
m

L 
m

ic
ro

so
m

e 
D

ilu
tio

n 
B

us
ed

m
L

 to
ta

l v
ol

um
e

di
lu

tio
n 

fa
ct

or
N

A 89
2.

85
71

 to
ta

l d
ilu

tio
n 

fa
ct

or

7.
28

0.
00

81
54

P
ro

te
in

 C
on

ce
nt

ra
tio

n 
(s

to
ck

 m
ic

ro
 

so
m

es
, m

g/
m

L)
'

P
ro

te
in

 C
on

ce
nt

ra
tio

n 
(d

ìlu
tio

n 
ad

de
d 

to
 a

ss
ay

, m
g/

m
L)

:

I .. -l v. i

W
IL

 R
ec

om
bi

na
nt

 R
ep

lic
at

e 
2 

v2
 W

O
R

K
S

H
E

E
T

.x
ls

M
ic

ro
so

m
e 

&
 C

he
m

ic
al

 D
ilu

tio
ns

M
ic

ro
so

m
e

ty
pe

 r
ec

om
bi

na
i M

ic
ro

so
m

e 
ID

 M
E

T
-0

25
4,

 T
ec

hn
ic

ia
n 

ID
 J

G

T
es

t C
he

m
ic

al
 C

on
ce

nt
ra

tio
ns

L
ev

el
F

in
al

 C
on

ce
nt

ra
tio

n 
M

1
1.

00
E

-0
6

2
1.

00
E

-0
7

3
5.

00
E

-0
8

4
2.

50
E

-0
8

5
1.

00
 E

-0
8

6
1.

00
E

-0
9

5/
61

20
05

10
:1

5A
M

O
J 

'1
O

J 
--

_
 
0

r
o
 
C
i
)
'

=
 (

)
(
0
 
- Z o ~ r -t w .. o .. o m '1 :i o o ;: -- O
J ~

Pa
ge

 4
 o

f6

z o O
'

cx ~ i o .. i o N W



Project No.: WIL-431 01 0

Battelle
EPA Contract No.: 68-W-01-023

~ g'

IIIM~~DO~DD
;; e'~
~dí--c

; ~ ~~~ ~ ~ ~~~~~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~ ~ ~~ ~ ~ ~~~ ~ ~ ~ ~ ~~ ~ ~ ~ ~ ~ ~~ ~ ~ ~ ~~ ~~~ ~~ ~ ~~ ~ ~ ~~~ ~ ~ ~ ~

w~wwww~~. ~~
D~~~~~~~~ooooooooooooo ~oo

'CE

if ~ v ~ v v v 8 8~~o 000 0 8 8 ~ ~ 8 ~ 0 0 888888888 ooooo~oo
E ~ ~

E j§ ~~~~~~-~---------

.
õ 000 § 0 § 0 ¡;;~;;;; 0 0 0 a 0 000 a 0 0 a a 0 a 0 0 0

.:i5

~;õ -¡

ii § i= N ~ '" ~

if
'" '7 "; In;;;;i~;; ---~~~.-.- ---.. ~NNNNN

,
I
g

;;,. .- .. .. .:
i,

g g ~ "~ "

"':ô-c
o.
§

---_.........-_~---~...-_...._-_.-.._...-.-.-......
.'i

l r ï 0 a a a d dd d d d dd d d ddd dd dd

l l

.- -.-.-.-.-.-...-.-.-...-...-.- '-'-'-.--.-- ..-.- _.-.-.-.- ---_....0000000 a 0 0 0 00 0 0 a 0 a 0 a a 0 a 0 0 0 a 00 d do cid ci 0 d d d d d d 0 0 0 0

,
o

~N"'N"I",..I~m ~...............~~NNN~NN

:: '" '" v ,~ co "" v V v",,, '" "" to co .- .- ~ .. .. ..

~ ~jmi~m~m~
V.."'NNNVCO Nmeo N"''' "'V NN'" "'" " " "

~~ ~g j ~ ¡ ~ ~ ¡::: ~: ~ ~ ~ ~ ~ ~ ~ ~ ~ i ~ i i ~~ ê i g ~ ~g.. .-.-...-.-..

~ ;~::~::~~~~~;~~~ ~~ ~~ ~ ~ ~ ~ ~ã ~ ~ ~ ~ M~ E ~;; ~ ~ 2 ~ ~~ ~ ~ ~~ ~~ ~ ~ ~~.'" v V .N~ NNMN~~~~ ~~N~ D~. D~~NN~~~ ~ ~~ ~~NN NNN~M~ ~.....~ ~~mmmmminmm

~ N ~ N _ N _ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~ N ~~, ~ N ~ M ~ N ~ N ~ N ~ N ~ N ~ N ~ N r N ~ N ~ N ~ N ~ N ~ N.

t
J 6 ~ ~ 6 6ci ~ 6 6 ~6 ci6 66 6 6 6666 6 ci 6 66 6 6 6 66 6 6 6 66 66 6 6 66 6 6 6 66 6 66 6 66 666 6 66 6 66 66 6 66 6
.
~

..

êir t'"~,, ~ N"""" ~ N ~ '1 _~, '"''
o

N~MM¡""~00~~~

í

~ ",
Õ

L-_____ ;¡

-144-



~
T

es
t C

he
m

ic
al

4
/
7
/
2
0
0
5
 
I
D
 
4
-
0
H
 
A
S
D
N

# 
C

on
ce

nt
ra

tio
ns

 te
st

ed

C
on

tr
ol

 T
yp

e
Po

rt
ìo

n
A

ve
ra

ae
SD

F
ul

l a
ct

iv
ity

B
eq

in
ni

na
0.

25
57

0.
00

51

F
ul

l a
ct

iv
ity

E
nd

0.
25

28
0.

01
83

Fu
ll 

ac
tiv

ity
O

ve
ra

ll
0.

25
43

0.
01

11

B
ac

kg
ro

un
d

B
eg

in
ni

ng
0.

00
00

9.
69

65
5E

-0
5

B
ac

ka
ro

un
d

E
nd

0.
00

00
0.

00
01

20
32

9

B
ac

kg
ro

un
d

O
ve

ra
ll

0.
00

00
8.

98
41

2E
-0

5

Po
si

tiv
e

B
ea

in
ni

na
#V

A
L

U
E

i
#V

A
L

U
E

!

Po
si

tiv
e

E
nd

#V
A

L
U

E
'

#V
A

L
U

E
'

Po
si

tiv
e

O
ve

ra
ll

#V
A

L
U

E
'

#V
A

L
U

E
'

N
eg

at
iv

e
B

eg
ln

ni
na

#V
A

L
U

E
i

#V
A

L
U

E
i

N
eg

at
iv

e
E

nd
#V

A
L

U
E

I
#V

A
L

U
E

!

N
ea

at
iv

e
O

ve
ra

ll
#V

A
L

U
E

i
#V

A
L

U
E

i

T
es

t S
ub

st
an

ce
L

ev
el

R
ep

lic
at

e
¡t

es
t s

ub
st

an
ce

) 
M

L
og

(t
es

t s
ub

st
an

ce
J

A
ct

iv
ity

4-
0H

 A
S

D
N

1
1

1.
00

E
-0

6
-6

.0
0

0.
01

61
4-

0H
 A

S
D

N
1

2
1.

00
E

-0
6

-6
.0

0
0.

01
64

i

I

4-
0H

 A
S

D
N

1
3

1.
00

E
-0

6
-6

.0
0

0.
01

72
-

4-
0H

 A
S

D
N

2
1

1.
00

E
-0

7
-7

.0
0

0.
09

60
.t V

l
4-

0H
 A

S
D

N
2

2
1.

00
E

-0
7

-7
.0

0
0.

09
49

i
4-

0H
 A

S
D

N
2

3
10

0E
-0

7
-7

.0
0

0.
09

53
4.

0H
 A

S
D

N
3

1
5.

00
E

-0
8

-7
.3

0
0.

14
31

4-
0H

 A
S

D
N

3
2

5.
00

E
-0

8
-7

.3
0

0.
14

36
4-

0H
 A

S
D

N
3

3
5.

00
E

-0
8

-7
.0

0.
13

57
4-

0H
 A

S
D

N
4

1
2.

50
E

-0
8

-7
.6

0
0.

18
10

4-
0H

 A
S

D
N

4
2

2.
50

E
-0

8
-7

.6
0

0.
17

56
4-

0H
 A

S
D

N
4

3
2.

50
E

-0
8

-7
.6

0
0.

17
61

4-
0H

 A
S

D
N

5
1

1.
00

E
-0

8
-8

.0
0

0.
21

79
4-

0H
 A

S
D

N
5

2
1.

00
E

-O
B

-B
.O

O
0.

22
49

4-
0H

 A
S

D
N

5
3

1.
00

E
-0

8
-8

.0
0

0.
22

03
4-

0H
 A

S
D

N
6

1
1.

00
E

-0
9

-9
.0

0
0.

25
28

4-
0H

 A
S

D
N

6
2

1.
00

E
-0

9
-9

.0
0

0.
24

82
4-

0H
 A

S
D

N
6

3
1.

00
E

-0
9

.9
.0

0
0.

24
96

W
IL

 R
ec

om
bi

na
nt

 R
ep

lic
at

e 
2 

v2
 W

O
R

K
S

H
E

E
T

.x
ls

R
es

ul
ts

 S
um

m
ar

y

M
ic

ro
so

m
e

6
 
t
y
p
e
 
r
e
c
o
m
b
i
n
a
n
t
 
M
i
c
r
o
s
o
m
e
 
I
D
 
M
E
T
-
0
2
5
4
A
 
v
¡
,
T
e
c
h
n
i
c
i
a
n
 
I
D
 
J
G

P
er

ce
nt

 o
f c

on
tr

ol
 v

al
ue

s
L

og
lte

5t
R
e
 
l
i
c
a
t
e

L
ev

el
su

bs
la

nc
el

1
I

2
3

1
-6

.0
0

6.
32

6.
45

6.
76

2
-r

.O
O

37
.7

4
37

.3
1

37
.4

7
3

-7
.3

0
56

.2
6

56
.4

7
53

.3
8

4
-7

.6
0

71
.2

0
69

.0
5

69
.2

6
5

-8
.0

0
B

5.
72

88
.4

6
86

.6
6

6
-9

.0
0

99
.4

4
97

60
98

.1
6

5/
6/

20
05

10
:1

5A
M

R
ep

lic
at

e
#

Pa
ge

 6
 o

f6

O
J 

""
m

 -
-

.-
 0

C
D

 r
oO

=
 (

)
C
D
 
.
- Z o ~ r J, (; -" a -" a m "" ): o o ~ ¡¡ U z o O
'

00 ~ 6 -" i a N (;



Project No.: WIL-431010
Battelle

EPA Contract No.: 68-W-01-023

Aliquot #
1

2

3

4
5

Weight of
aliquot (g)

0.0200
0.0201
0.0201
0.0198
0.0198

DPM/Aliq.
32604.79

32886.6
33499.13
33549.01
33548.07

DPM/g
soln.
1630240
1636149
1666623
1694394
1694347

Average DPM/g soln
SD
CV

1664351
30686

1.84

iiCi/g soln 0.750

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution
Stock
Dilution A

Dilution B

mg ASDN
added
10.2

total volume
(mL)

10

dilution
factor

100

10

(ASDNl in solution (¡.g/mL)
1020.00

10.20
1.02

Calculation of concentration nonradiolabeled ASDN in substrate solution
Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

8.1903 9

4.5895 9

0.571565 iig/g

Calculation of Substrate Solution Specific Activity

1) Calculate ¡.g ¡'HjASDN/g soln. = 0.00849 ¡.g/g soln.
¡.g/g soln.

a. ¡.Ci/g soln

b. Specific activity of ¡'HJASDN (¡.Cilmmol)
c. Molecular wt of ASDN (mg/mmol)

0.750
25300000

286.4

Formula=a/b*c

2) Calculate total¡.g ASDN/g soln.

¡.g ASDN/g soln.= ,ig cold ASDN/g soln. + ¡.g ¡'H1ASDN/g soln.

0.571565 + 0.00849
0.580052 ¡.g ASDN/g soln.

3) Calculate Solution Specific Activity

= (,iCi/g soln.)/(,ig ASDN/g soln)
1.292 ,ICi/¡.g ASDN

821771 dpm/nmol

WIL Recombinant Replicate 3 v2 WORKSHEETxls;
Substrate Specific Activity

5/6/2005;
10:16AM 1 of 6
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Aliquot #
1

2
3

4
5

Weight of
aliquot (g)

0.0192
0.0193
0.0196
0.0204
0.0195

DPM/Aliq.
30113.86
30878.99
31230.81
31707.46
31609.32

DPM/g
soln.
1568430
1599948
1593409
1554287
1620991

Average DPM/g soln
SD
CV

1587413
26354

1.66

IlCi/g soln 0.715

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution

Stock
Dilution A

Dilution B

mg ASDN
added
10.2

total volume
(mL)

10

dilution
factor

100

10

(ASDNJ in solution (flg/mL)
1020.00

10.20
1.02

Calculation of concentration nonradiolabeled ASDN in substrate solution
Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

8.209 9

4.6139 9

0.573295

Calculation of Substrate Solution Specific Activity

1) Calculate fig ¡'HJASDN/g soln. = 0.00809 fig/g soln.
flg/g soln.

a. flCi/g soln
b. Specific activity of ¡'H1ASDN (fiCi/mmol)
c. MOlecular wt of ASDN (mg/mmol)

0.715
25300000

286.4

Formula=a/b*c

2) Calculate total fig ASDN/g soln.

fig ASDN/g soln.= fig cold ASDN/g soln. + fig ¡'HJASDN/g soln.

0.573295 + 0.00809
0.581389 fig ASDN/g soln

3) Calculate Solution Specific Activity

= (fiCi/g soln.)/(fl9 ASDN/g soln.)
1.230 flCi/fl9 ASDN

781980 dpm/nmol

WIL Recombinant 122804 v2 WORKSHEET.xls;
Substrate Specific Activity

5/6/2005;
10:03 AM 1 of 6
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Project No.: WIL-431010
Battelle

EPA Contract No.: 68-W-01-023

Aliquot #
1

2
3

4
5

Weight of
aliquot (g)

0.0196
0.0197
0.0195
0.0196
0.0197

DPM/Aliq.
32280A9
33650.59
35059.55

33984.6
34102.87

DPM/g
soln.
1646964
1708152
1797926
1733908
1731110

Average DPM/g soln
SD
CV

1723612
54311

3.15

iiCilg soln 0.776

Calculation of actual concentration of nonradiolabeled ASDN in solution used to orepare substrate solution:

ASDN solution
Stock
Dilution A

Dilution B

mg ASDN
added
10.1

total volume
(mL)

10

dilution
factor

100

10

(ASDN) in solution (l1g/mL)
1010.00

10.10

1.01

Calculation of concentration nonradiolabeled ASDN in substrate solution
Total 9 substrate solution

Mass of dilution B used in substrate prep

Concentration of nonradiolabeled ASDN in substrate soln.

8.0993 9

4.5101 9

0.562419 iig/o

Calculation of Substrate Solution Specific Activity

1) Calculate l19 ¡'HjASDN/g soln. = 0.00879 l1g/g soln.

l19/9 soln.
a. ~iCilg soln

b. Specific activity of r'HjASDN (l1Cilmmol)
c. Molecular wt of ASDN (mg/mmol)

0.776
25300000

2864

Formula=a/b"c

2) Calculate total ~ig ASDN/g soln.

~ig ASDN/g soln.= l19 cold ASDN/g soln. + ~ig r'HJASDN/g soln.

0.562419 + 0.00879
0.571208 ~ig ASDN/g soh

3) Calculate Solution Specific Activity

= (~iCilg soln.)/(l19 ASDN/g soln.)
1.359 l1CiI~ig ASDN

864208 dpm/nmol

WIL Recombinant 122904 v2 WORKSHEET.xls;
Substrate Specific Activity

5/6/2005 ;
10:12AM 1 of 6
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Aliquot #
1

2

3

4
5

Weight of
aliquot (g)

0.0196
0.0198
0.0199
0.0197
0,0200

DPM/AIiq.
31705.75
32245.25
33313.09
33082.48
33478.86

DPM/g
soln.
1617640
1628548
1674025
1679314
1673943

Average DPM/g soln
SD
CV

1654694
29184

1.6

/lCi/g soln 0.745

Calculation of actual concentration of nonradiolabeled ASDN in solution used to prepare substrate solution:

ASDN solution

Stock
Dilution A

Dilution B

mg ASDN
added
10.3

total volume
(mL)

10

dilution
factor

100

10

(ASDNJ in solution (~ig/mL)
1030.00

10.30
1.03

Calculation of concentration nonradiolabeled ASDN in substrate solution
Total 9 substrate solution

Mass of dilution B used in substrate prep
Concentration of nonradiolabeled ASDN in substrate soln.

8.2422 9

4.644 9

0.580345 ~ig/g

Calculation of Substrate Solution Specific Activity

1) Calculate I1g ¡'H1ASDN/g soln. = 0.00844 119/g soln.

119/g soln.
a. I1Ci/g soln
b. Specific activity of r'HJASDN (I1Cilmmol)
c. Molecular wt of ASDN (mg/mmol)

0.745
25300000

286.4

Formula=a/b*c

2) Calculate total I1g ASDN/g soln.

I1g ASDN/g soln.= ~ig cold ASDN/g soln. + ~ig ¡'HjASDN/g soln.

0.580345 + 0.00844
0588783 I1g ASDN/g soln.

3) Calculate Solution Specific Activity

= (I1Cilg soln.)/(~ig ASDN/g soln.)
1.266 /lCi/~ig ASDN

804888 dpm/nmol

WIL Recombinant 123004 v2 WORKSHEET.xls;
Substrate Specific Activity

5/6/2005;
10:13AM 1016
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Statistical Analysis Report (BioSTAT Consultants. Inc.)
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Statistical Analysis Summary
WIL Research Laboratories, LLC

Study Protocol - 431010

Statistical Methodology
1.1 Analysis Methodology

2 Results
3 Statistical Analysis Summaries

Table 3.1: Analysis of Variance Comparisons Among Concentration Response Curve Fits
Figure 3.2: Estimates for Slope and Confidence Intervals for all Replicates
Figure 3.3: Estimates for LogIOIC50 and Confidence Intervals for all Replicates
Table 3.4: Full Enzyme Activity and Background Activity Percent of Control Values Across Replicates

Les Freshwater
BioSTAT Consultants, Inc.
3261 Lost Pine Way
Portage, MI 49024
(269) 329-7976

Date
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BioSTAT Consultants, Inc.
Statement of Quality Control

This report was quality checked in accordance with BioST A T Procedural Guideline 2.0

(Quality Control Process for Tables and Reports). The statistical methodology and
results of inferential statistics were verified by an independent quality control statistician.
Based on these documented quality control activities, it is concluded that the statistical
results incorporated in this report accurately reflect the statistical analysis of data
received by BioST AT.
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1 Statistical Methodology

1.1 Analysis Methodology

Analysis of Variance Comparisons Among Concentration Response Curve Fits
Slope (ß) and 10g1 meso (¡.) were subjected to a random effects analysis of variance.
Response variable was ß or ¡. and replicates were treated as random effects.

The SAS procedure Proc Mixed was used for analysis using the following statements:
proc mixed covtest;
class replicate;

model mean = /solution cl;
random replicate;
repeated/ grou p=rep licate;
parms (1) (STD1) (STD2) (STD3)/hold=2,3,4;
run;

where STDl, STD2 and STD3 are the standard error for each replicate provided by
PRISM.

ß and ~L were estimated, separately within each replicate, and plotted along with the

average across replicates (LSMean) and associated 95% confidence interval across
replicates.

Full Enzyme Activity and Background Activity Percent of Control Values Across
Replicates
For the full enzyme activity control tubes and the background activity tubes a two way
analysis of variance was conducted. The response variable was percent of control
aromatase activity. The fixed effect factor in the model was portion (beginning or end).
Random effect factors in the model included replicate and the replicate by portion
interaction.

The SAS procedure Proc Mixed was used for analysis using the following statements:
proc mixed covtest;
class portion replicate;
model value = portion;
random replicate portion*replicate;
lsmeans portion/cl;
run;

lfthe replicate by portion interaction was significant (at the 0.05 level) the nature of the
effect was assessed by comparing the portion effect within each replicate to the portion
effect averaged across replicates, adjusting for simultaneity by Bonferroni's method.

P-values for replicate, portion and replicate by portion are presented in the table. In
addition, estimates for the LSMeans, standard errors and 95% confidence intervals are
presented for percent of control aromatase activity averaged across replicates.
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2 Results
Results of statistical analyses are summarized in Section 3.

References

SASQJ Proprietary Software, Version 8.2; SAS Institute Inc.: Cary, NC, 1999-2001.
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Summary and Conclusions

The principal results of the inter-laboratory analysis are summarized below.

1. The estimates for 10gioICso were consistent among the three laboratories. The coefficient

of variation among laboratories was about 4% whether replicate 1 in Laboratory C was
included or excluded. The averages and associated 95% CIs were about same including
and excluding replicate 1 in Laboratory C. The variance among laboratories was about
1.4 times higher than the average within laboratory variance when replicate 1 in
Laboratory C was included, and was about 0.8 times the average within laboratory
varance when replicate 1 in Laboratory C was excluded.

2. The estimated slope for Laboratory B was slightly smaller than those for Laboratories A

and C, whether replicate 1 in Laboratory C was included or excluded. The coefficient of
varation among laboratories was less than 5% whether replicate 1 in Laboratory C was
included or excluded. The varance among laboratories was about four times higher than
the average within laboratory variance when replicate 1 in Laboratory C was included
and was about three times higher than the average within laboratory variance when
replicate i in Laboratory C was excluded.

3. Average background activity control was not significantly different at the end and at the
beginning of each replicate, for each laboratory or across the three laboratories. The
estimated varance among the laboratories was zero or near zero.

4. Averaged across replicates, full enzyme activity control was significantly lower at the
end than at the beginning in Laboratories A and C whether replicate 1 in Laboratory C
was included or excluded. Full enzyme activity control was not significantly lower at the
end than at the beginning in Laboratory B or combined across the three laboratories. The
estimated variance among the laboratories was nearly three times of the average within
laboratory variance when replicate i in Laboratory C was included and was nearly two
times of the average within laboratory varance when replicate i in Laboratory C was
excluded.

Introduction and Background

Task 3 of Work Assignment 4-17, the Recombinant Aromatase Validation Study,
involves three individual laboratories (labeled as A, B, and C) independently carrying out the
recombinant aromatase assay with positive control inhibitor 4-0H ASDN and centrally prepared
mIcrosomes according to a common protocol. An "intra-laboratory" statistical analysis was
carred out based on each laboratory's test data according to a common statistical analysis plan.
The "inter-laboratory" statistical analysis discussed in this report combines summary values
developed in each intra-laboratory analysis and assesses the relationships among them, the extent
of inter-laboratory variation, and overall consensus estimates. This report discusses the methods
used and the results obtained from combining the intra-laboratory statistical analysis results.
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The intra-laboratory analyses were performed on the "percent of control" responses for
the recombinant aromatase assays at each of the laboratories. The inter-laboratory analysis is
based on the logioICso and slope parameters of the concentration response curve fits determned
in the intra-laboratory analyses. The inter-laboratory analysis also compares across the three
laboratories the full enzyme activity control and the background activity control responses at the
beginnings and the ends of the replicates.

Test Organization

Recombinant assay aromatase activity levels were determined for the full enzyme activity
control, the background activity control, and for six graded concentrations of the positive control
inhibitor 4-0H ASDN. Three replicates of the positive control inhibitor study were carried out at
each laboratory, and an additional replicate was carred out at Laboratory C. Within each
replicate three repetitions were run at each of the 4-0H ASDN log (base 10) concentrations -6,
-7, -7.3, -7.6, -8, and -9. In addition two repeat tubes of the full enzyme activity and background
activity controls were run prior to the 4-0H ASDN runs and two repeat tubes of the full enzyme
activity and background activity controls were run following the 4-0H ASDN runs.

Intra-laboratory statistical analyses were carred out on the "percent of control"
responses. Percent of control is defined as the ratio of the background adjusted aromatase
activity in the tube under consideration to the average background adjusted aromatase activity
among the four full enzyme activity control tubes within the replicate, times 100. The average
percent of control among the four full enzyme activity control tubes is necessarly 100 percent
within each replicate. The average percent of control among the four background activity
control tubes is necessarily a percent within each replicate.

Nominally for an inhibitor the percent of control activity values vary between
approximately 0% near the high inhibition concentrations and approximately 100% near the low
inhibition concentrations, but this may vary with the inhibitor.

Intra-laboratory statistical analyses were performed based on a common analysis plan.
The following results were reported in each intra-laboratory analysis.

1. Concentration curve fits within each replicate to describe the trend in the percent of control
activity across varying inhibitor concentrations of test substance 4-0H ASDN.

2. Estimates of the logioICso concentration, slope, and associated standard errors within each

replicate.

3. Average logioICso concentration, average slope, and associated standard errors across
replicates.

4. Comparisons between the full enzyme activity and background activity controls obtained at
the beginning and those obtained at the end of each replicate.
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Laboratories A and B reported results based on three replicates. Laboratory C reported
results based on replicates 1 to 4 as well as results based on replicates 2 to 4. The reported
standard errors of the average results across replicates for Laboratories A and C incorporated the
among replicate component of variation. The reported standard error for laboratory B did not.

The "inter-laboratory" statistical analysis combines summary values developed in each of
the intra-laboratory analyses to assess relationships among the results at each laboratory, the
extent of laboratory-to-laboratory variation, and overall consensus estimates among the
laboratories with associated varability estimates (incorporating laboratory-to-laboratory

variability). The inter-laboratory analysis is based on the average logioICso and slope parameters
of the concentration response curve fits determned by each of the test laboratories, as reported in
the intra-laboratory analyses. The inter-laboratory analysis also compares among laboratories
the full enzyme activity control results and the background activity control results obtained at the
end of each replicate with those obtained at the beginning.

The objectives of the inter-laboratory statistical analysis are to:

· Determine the average values and the variabilties among laboratories for the
parameters mentioned above.

. Determine the coefficients of variation among laboratories for the logioICso and the
slope parameters.

. Estimate the ratio of the among laboratory varation to the average within laboratory

variation for the parameters mentioned above.

The inter-laboratory analyses were performed on two versions of the data:

· Including all the data
· Excluding replicate 1 from laboratory C.

Statistical Analysis Methods

Statistical analyses were carred out for each of the four endpoints discussed above in the
Test Organization section: logioICso, slope, portion effect (beginning minus end) for background
activity control, and portion effect for full enzyme activity control.

For each endpoint a one-way random effects analysis of variance model with
heterogeneous variances among the participating laboratories was fitted to the summary
responses within laboratories. Laboratory was treated as a random effect. The within laboratory
variances were based on the squares of the standard errors associated with the endpoint estimates
in each of the intra-laboratory analyses. The analysis of variance provided an estimated
weighted average across all the laboratories and its associated standard error as well as an
estimate of the laboratory-to-laboratory component of variation. The weights included in the
weighted averages incorporated both laboratory-to-laboratory variation and within laboratory
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varation. The degrees of freedom associated with the overall weighted average was calculated

as

2*(((l/K)*¿(SL2 + S¡2))2Jf((var(SL2)+(2/K2)*¿(S¡4/df¡)))

where SL2 is the random laboratory to laboratory variance, S¡2 and df¡ are the reported within
laboratory variance and degrees of freedom for the ith laboratory, var(SL2) is the varance of SL2,
and K is the number of laboratories (Hartung and Makambi, 2001).

For each endpoint, the estimated overall average and its associated standard error
(incorporating both within laboratory and among laboratory components of variation) and
associated degrees of freedom were used to construct a 95% confidence interval. For each
laboratory the individual effect and associated 95% confidence interval (based on the within
laboratory standard error) were also determned. These were plotted side-by-side to provide a
graphical comparison among the laboratories.

It should be noted that when calculating the within laboratory mean 10gioICso and slope

across replicates, Laboratories A and C incorporated the replicate-to-replicate component of
varation in the standard errors of the averages, while laboratory B did not. Also Laboratories A
and C calculated the differences between beginning and end (beginning minus end) when
comparing the full enzyme activity and background activity controls obtained at the beginning
and those obtained at the end of each replicate, whereas laboratory B reported only beginning
and end values. The sums of beginning and end values must be equal to a for the background
activity controls and 200 for full enzyme activity controls. Therefore, for laboratory B the
differences were calculated as - 2 x (End values) for the background activity controls and as 200
- 2 x (End values) for the full enzyme activity controls. The associated standard errors for these
differences were calculated as 2 x (Standard errors associated with the end values).

To describe the variability among the individual laboratory values relative to the overall
average value, coefficients of variation (CV) and their associated 95% confidence intervals (95%
CIs) were calculated for the 10gioICso and the slope parameters. The coefficient of variation is
defined as the standard deviation of the effect response divided by its mean. The methods for
calculating the CV and the associated 95% CI were different depending on the underlying
assumption about the distribution of the endpoint parameter.

For 10glOICso, the measurements were assumed to be approximately log normally
distributed. The CV therefore is expressed as

CV = (exp (S2)_1 f'

where S2 is the total variance among the three laboratories. S2 is approximated by 3(se)2 where
se is the standard error of the pooled mean estimate. This would be exact if the within laboratory
variances were equal across laboratories.
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The 95% confidence interval is based on the chi square distribution and is calculated as

((exp (df*S2/(X2df, 0.975 ))- if2, (exp(df*S2/(X2df, 0.025))- 1)'/2)

where df is the estimated degree of freedom among the three laboratories.

For slope (ß), the measurements are assumed to be approximately normaL. The CV
therefore is expressed as

CV=S/ßavg

where S2 is the total variance among the three laboratories, defined as above and S = ';S2. The
endpoints of the confidence interval for CV are based on the noncentral t distribution (Lehman,
1986).

To describe the variability among laboratories relative to variability within laboratories
the ratio of the variance between laboratories to the average varance within laboratories was
calculated as

2 2 2 2)R=S lab (%(Sl + S2 + S3 )

where S21ab is the varance among the three laboratories and (SI2, sl, sl) are the squares of the

within laboratory standard errors at the three laboratories. A confidence interval for this ratio is
based on the F-distribution with (Vlab, Vwi) degree of freedom

(R/FI(O.975), R/-I(O.025))

where Vlab=2 and Vwi is based on Satterthwaite's approximation

2 2 221 41 41 41Vwi ;: ((Sl + S2 + S3 ) ) (Sl Vi + S2 V2 + S3 V3).

This ratio is calculated for each of the four endpoint parameters.

In several places entries in the tables in the interlaboratory analysis report tables differ
from corresponding entries in the intralaboratory analysis report tables by one or a small number
of trailng digits in the last decimal place. This is due to differences between the intralaboratory
analyses and the interlaboratory analysis in rounding in intermediate calculations.

Statistical Analysis Results

Table i displays the estimated parameter values and the associated within laboratory 95%
confidence intervals about these values. It also displays the overall mean values across
laboratories and their associated 95% confidence intervals, incorporating among laboratory
variation based on the random effects analysis of variance. The overall mean was calculated
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with and without replicate 1 for Laboratory C. These means and confidence intervals are shown
in Figures 1 through 8. Each figure includes reference lines corresponding to the overall
average. The estimated CVs and their associated 95% confidence intervals for the overall means
for the lOglOICso and slope parameters are also presented in Table 1.

Table 2 displays the within laboratory variances and their associated degrees of freedom
for each laboratory. These are the squares of the within laboratory standard errors associated
with the estimated parameter values. Table 2 also displays the laboratory to laboratory random
variation and the squares of the standard errors of the overall mean values, as well as their
associated degrees of freedom. The ratios of the among laboratory variances to the unweighted
average within laboratory variances are also displayed, with their associated 95% confidence
intervals.

The estimates for loglOICso were similar among the three laboratories, with or without
replicate 1 in laboratory C (Table 1). For Laboratory C, the estimated varance without replicate
1 was about twice that with replicate 1 included (Table 2). The average values and the
associated 95% CIs for logioICso across the three laboratories were about same whether replicate
1 for Laboratory C was included or excluded. The variance among laboratories was about 1.4
times higher than the pooled average within laboratory variance when replicate 1 for Laboratory
C was included and about 0.8 times the average within laboratory variance when replicate 1 for
Laboratory C was excluded. The confidence intervals about these ratios were wide because of
the small number of degrees of freedom (2) associated with the among laboratory varance. The
coefficient of variation among laboratories was about 4%, whether replicate 1 in Laboratory C
was included or excluded.

The estimated slope for Laboratory B was 7% to 11% smaller than those for Laboratories
A and C whether replicate 1 in Laboratory C was included or was excluded. For Laboratory C,
the estimated variance when replicate 1 was excluded was about twice that when replicate 1 was
included. The average value and the associated 95% confidence interval for slope across the
three laboratories remained about the same whether replicate 1 in Laboratory C was included or
excluded. The among laboratory variance was about four times the average within laboratory
variance when replicate 1 in Laboratory C was included and about three times the average within
laboratory variance when replicate 1 in Laboratory C was excluded. The coefficient of variation
among laboratories was slightly less than 5% whether replicate 1 in Laboratory C was included
or excluded.

No significant differences (beginning minus end) existed for the background activity
controls, for any laboratory or across the three laboratories combined (Table 1). The estimated
varance among the laboratories was negligible (Table 2).

Full enzyme activity control was significantly higher at the beginning than at the end for
Laboratories A and C but not for Laboratory B or combined across the three laboratories (Table
1). This is the case whether replicate 1 in Laboratory C was included or as excluded. The
estimated variance among the laboratories was slightly less than three times the average within
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laboratory variance when replicate 1 in Laboratory C was included and slightly less than twice
the average within laboratory variance when replicate 1 in Laboratory C was excluded.
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