
DRAFT TASK REPORT 
 
 
 

PLACENTAL AROMATASE 
VALIDATION STUDY 

 
WA 4-16 Task 4  

 
 
 

EPA Contract Number 68-W-01-023 
Work Assignment 4-16 

 
 
 
 
 
 
 
 

Sponsor:  
 

Battelle Memorial Institute 
505 King Avenue 

Columbus, OH  43201 
 
 

Performing Laboratory: 
 

In Vitro Technologies, Inc. 
1450 South Rolling Road 

Baltimore, MD 21227 
 
 



DRAFT REPORT 
 

 
Title: PLACENTAL AROMATASE VALIDATION STUDY WA 4-16 

Task 4 
 
Authors: Neil Jensen, Ph.D. 

 
 
Performing Laboratory: In Vitro Technologies, Inc. 
 1450 South Rolling Road 
 Baltimore, MD 21227 
 
Sponsor: Battelle Memorial Institute 

505 King Avenue 
Columbus, OH 43201 

 
Sponsor Representatives: David Houchens, Ph.D. 

EDSP Program Manager 
Battelle 
 
Jerry D. Johnson, Ph.D. 
Diplomate, A.B.T. 
Work Assignment Leader 
Battelle 

 
Study Initiation Date: 13 January 2005 
 
Experimental Dates: Experimental start date: 13 January 2005 
 Experimental end date: 24 January 2005 
 
Draft Task Report Date 03 November 2005 
 
 
 
 
Author:  Approved: 
 
 
 
___________________________________       __________________________________ 
Signature. Date Signature.  Date  



In Vitro Technologies Study No. 270-1131-05  
 

 

  
 3 

TABLE OF CONTENTS 
 
This report contains 178 pages, including eight appendices. 

Page 
1.0 Executive Summary ............................................................................................. 5 
2.0 Introduction .......................................................................................................... 5 
3.0 Materials and Methods......................................................................................... 6 
4.0 Results ............................................................................................................... 14 
5.0 Discussion and Conclusions.............................................................................. 16 
6.0 References......................................................................................................... 17 
 

LIST OF APPENDICES 
 
Appendix 1: Copy of In Vitro Technologies Protocol No. 1131................................. (12 pages) 
Appendix 2: Copy of QAPP for Work Assignment W4-16, Task 4 ........................... (41 pages) 
Appendix 3: Excel Spreadsheets for Task 4............................................................. (24 pages) 
Appendix 4: Prism Output for Task 4........................................................................ (20 pages) 
Appendix 5: Copy of Battelle Chemistry Report ....................................................... (18 pages) 
Appendix 6: Copy of RTI [3H] ASDN Purity Assessment Report ................................ (4 pages) 
Appendix 7: Copy of Statistician’s Report................................................................. (28 pages) 
Appendix 8: Copy of Protocol Amendment................................................................. (6 pages) 



In Vitro Technologies Study No. 270-1131-05  
 

 

  
 4 

STATEMENT OF COMPLIANCE 
 
This study was conducted to the standards of U.S. FDA 21 CFR Part 58.  Exception: The 
computer systems at In Vitro Technologies, Inc. are not validated.  Therefore, this study was not 
in compliance with U.S. FDA 21 CFR Part 58, Section 58.63.  This study was conducted under 
my scientific guidance and management.   
 
 
Neil Jensen, Ph.D.    
Study Director Signature  Date 

QUALITY ASSURANCE STATEMENT 
 
This study was inspected in accordance with In Vitro Technologies standard operating 
procedures.  Based on audits conducted, the results reported herein accurately reflect the 
methods used and the data collected for this study.  All findings were reported to the Study 
Director and In Vitro Technologies Management. 
 
  Date(s) reported to Study  
Inspection/Audit Dates: Study Phase Audited: Director and Management: 
13 January 2005 Solution preparation 14 January 2005 
20 January 2005 BSA standard curve preparation 21 January 2005 
20 January 2005 Sample preparation 21 January 2005 
13–18 September 2005 Data and report 20 September 2005 
 
 

    
Quality Assurance  Signature  Date 

PARTICIPATION 
 
The following principal staff participated in the conduct of this study: 
 
Study Director: Neil Jensen, Ph.D.
Scientists: Bridget McKenzie-Fogle, M.Sc.
 Tim Moeller, M.Sc.
Technical Writers: Barbara Biery, Ph.D.
 Blaise Considine, B.A.

DATA RETENTION 
 
In Vitro Technologies will retain all supporting documentation in the In Vitro Technology archives, 
including raw data and written records, for a period of up to five years following submission of the 
final report to Battelle Memorial Institute.  At the end of this period, Battelle will be notified to 
determine whether the data (excluding proprietary information) will be transferred, retained, or 
destroyed. 



In Vitro Technologies Study No. 270-1131-05  
 

 

  
 5 

1.0 Executive Summary 
 
The objective of this study was to validate the placental aromatase assay with a known inhibitor.  
This study was part of a multi-laboratory effort for the validation of the placental aromatase assay.  
The protocol was specific to the study conducted at In Vitro Technologies, Inc.  In Vitro 
Technologies successfully conducted three separate experiments to evaluate the inhibition of 
placental aromatase by 4-hydroxyandrostenedione (4-OH ASDN). 
 
For replicate 1, the aromatase activity was 0.0555 nmol/mg/min and the IC50 was 4.677 × 10-8 M.  
For replicate 3, the aromatase activity was 0.0392 nmol/mg/min and the IC50 was 5.997 × 10-8 M.  
For replicate 4, the aromatase activity was 0.0549 nmol/mg/min and the IC50 was 6.702 × 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 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 general, the 
flavonoids and related analogs demonstrate aromatase inhibition with IC50 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 IC50 values 
for aromatase inhibition ranging from 0.04 µM to greater than 50 µM.  
 
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 (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 placental aromatase assay with a known inhibitor.  
This study was part of a multi-laboratory effort for the validation of the placental 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 100%.  The radiolabeled androstenedione 
([1β-3H]-androstenedione, [3H]ASDN, lot 3538496), was obtained from Perkin Elmer Life Science, 
Boston and 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 
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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 [3H]ASDN 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 µCi.  This substrate solution had a concentration of 2 µM with a 
radiochemical content of about 1 µCi/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 1 mCi/mL.  A 1:100 dilution (10 µCi/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 µg/mL.  The 1 µg/mL solution of ASDN (4.5 mL), 800 µL of the [3H]ASDN 
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 µL) were weighed and combined with 
scintillation cocktail for radiochemical content analysis. The addition of 100 µL of the substrate 
solution to each 2 mL assay volume yielded a final [3H]ASDN concentration of 100 nM with 
0.1 µCi/tube. 

3.2 Test Substances 
 
The test article was identified in this study as follows: 
 
• 4-hydroxyandrostenedione (4-OH ASDN, molecular weight 302.4 g/mol, CAS no.: 566-48-3) 
 
Battelle provided 4-OH ASDN as a stock solution in ethanol.  The 4-OH 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: 
 

4-OH ASDN  
Stock Formulation  

 Concentrations (mM) 

Volume 
of Stock

(µL) 

Volume 
of 

Ethanol
(µL) 

Dilution Number & 
Concentrations 

(mM) 
Final Concentration 

in the Assay (M) 
CR 

Stocka 10 20 1980 1 0.1 1 x 10-6 

100 900 2   0.01 1 x 10-7 

50 950 3    0.005 5 x 10-8 Working 
Stock #1 0.1 

25 975 4    0.0025 2.5 x 10-8 

Working 
Stock #2 0.01 100 900 5    0.001 1 x 10-8 

Working 
Stock #5 0.001 100 900 6    0.0001 1 x 10-9 

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 

name 
Chemical 

code 
Mfr. 

Purity 
CAS No. Molecular 

formula 
Molecular 

weight 
(g/mol) 

Stock 
Solution ID 

Target Stock 
Formulation 

Concentration 

Vehicle Storage 
Conditions 

ASDN 270-0010 100% 63-05-8 C19H26O2 286.41 1131-1713-
5, 6, 7 

1, 0.01, 0.001 
mg/mL 

95% 
ethanol 

RT 

[3H]ASDN 270-0012 >97% 63-05-8 C19H26O2 286.4 1131-1713-
8, 9 

20 µM, 2 µM 0.1 M 
sodium 

phosphate 

RT 

4-OH ADSN 270-0013  566-48-3 C19H26O3 302.41 1131-1713-
11 

100X 95% 
ethanol 

2–8°C 

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. 11343-7) were obtained from RTI and stored at approximately –70°C until 
use.  The protein concentration was 14 mg/mL.  Microsomes were thawed rapidly in a 37 ± 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 
50-fold dilution was made to achieve a concentration of approximately 0.28 mg/mL.  Another 
10-fold dilution was made to achieve the desired final working stock concentration of 
approximately 0.025 mg/mL.  The final target protein concentration in the incubation mixture was 
approximately 0.0125 mg/mL. 

3.4 Other assay components 
Chemical Supplier Lot Number 
NADPH Sigma 103K7046 
Propylene glycol Fisher 042343 
Sodium phosphate dibasic JT Baker A43465 
Sodium phosphate monobasic JT Baker A28H21 
95% ethanol Battelle SW0045 

3.4.1 NADPH 
 
NADPH (β-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 µL 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 µL aliquot of standard or unknown, 125 µL 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 × 100 mm test tubes maintained at 37 ± 1°C in a shaking water 
bath.  Propylene glycol (100 µL), [3H]ASDN, 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 ± 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 layers were 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 
 

Assay Type 
Assay factor (units) 

Human Placental 
Microsomal Protein (mg/mL)a 0.0125 

NADPH (mM)a 0.3 

[3H]ASDN (nM)a 100 

Incubation Time (min) 15 
a Final concentrations 

 
Analysis of the samples was performed using liquid scintillation spectrometry (LSS).  Radiolabel 
found in the aqueous fractions represented 3H2O 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 3H2O formed by the specific 
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activity of the [3H]ASDN substrate (expressed in DPM/nmol).  The activity of the enzyme reaction 
is expressed in nmol (mg protein)-1min-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-OH ASDN.  This study was conducted in three independent replicates.  Each concentration of 
4-OH 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-OH 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 Aromatase Assay section above, with the following 
modification:  4-OH ASDN solution (or vehicle) was added to the mixture of propylene glycol, 
substrate, NADPH, and buffer in a volume not to exceed 20 µL 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 Study Design 

Sample type Repetitions 
(test tubes) 

Description of 
assaya 

4-OH ASDN 
dilution 

concentration 
(M stock) 

4-OH ASDN 
concentration 

(M final) 

Full Enzyme Activity 
Control 4 

no 4-OH ASDN, 
inhibitor vehicle 

only 
N/A N/A 

Background Activity 
Control 4 

no 4-OH ASDN or 
NADPH, inhibitor 

vehicle only 
N/A N/A 

4-OH ASDN 
Concentration 1 3 4-OH ASDN added 1 × 10-4 1 × 10-6 

4-OH ASDN 
Concentration 2 3 4-OH ASDN added 1 × 10-5 1 × 10-7 

4-OH ASDN 
Concentration 3 3 4-OH ASDN added 5 × 10-6 5 × 10-8 

4-OH ASDN 
Concentration 4 3 4-OH ASDN added 2.5 × 10-6 2.5 × 10-8 

4-OH ASDN 
Concentration 5 3 4-OH ASDN added 1 × 10-6 1 × 10-8 

4-OH ASDN 
Concentration 6 3 4-OH ASDN added 1 × 10-7 1 × 10-9 

a All assay tubes contain the following unless otherwise stated:  buffer, propylene glycol, 
microsomal protein, [3H]ASDN 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 protein)-1min-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. 
 
IC50 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+10((LogIC50-X)*HillSlope) 
 
Where:   X is the logarithm of concentration 

Y is the percent activity 
 

The data are formatted as follows: 
 

• One spreadsheet or table displays the DPM for all assay tubes, calculations of activity 
(nmol (mg protein)-1min-1), etc. 
 

• Another table presents the results of the analysis of variability of the assay and includes: 
 

(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 IC50 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 each 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-OH ASDN). 
 
For each repetition at each level, the Excel database spreadsheet includes 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 
[3H]ASDN, 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 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 
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 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 is 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 
β = slope of the concentration response curve (β will be negative) 
µ = log10IC50 (IC50 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: 
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Y = 100/[1 + 10(µ-X)β] + ε 
 
where ε is 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 software 
(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 IC50 (10µ) and 
slope (β).  The estimated IC50 for an inhibitor compound is the (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 
log10IC50 or β was calculated based on a one-way random effects analysis of variance model fit. 
 
For each test substance and replicate the estimated log10IC50 (µ), the within replicate standard 
error of µ, the IC50, the slope (β), the within replicate standard error of β, 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 log10IC50. 
“IX” Incomplete.  But must extrapolate to log10IC50. 
 
Replicates for which a concentration response curve cannot be fitted (and so an IC50 cannot be 
estimated) will be 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 were 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 was 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 
was superimposed on the same plot.  
 
For each replicate treat (β, µ) as a random variable with mean (βavg, µavg).  Let X and Y (0 < Y < 
100) denote logarithm of concentration and percent of control, as defined above.   
 
The average response curve is:  
 

Yavg = 100/[1 + 10 βavg(µavg - X)]. 
 
Slope (β) and log10IC50 (µ) were also compared across replicates based on random effects 
analysis of variance, treating the replicates as random effects.  β and µ were estimated, 
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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 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 corresponds to repetition within 
replicate and portion.  The response is 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 will necessarily be 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 is significant, 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.  The portion effect within each replicate and the portion 
effect averaged across replicates, and associated 95% confidence intervals, are presented 
graphically. 

4.0 Results 
 
Replicate 2 demonstrated high background and variability among samples.  After discussions 
between Battelle and In Vitro Technologies, an additional replicate was included in the study.  
This replicate is identified as Replicate 4 in this report.  Data for Replicate 2 are not presented in 
the report, but are presented in the appendices and are included in the study documentation. 
 
Replicates 1 and 3 both had samples with unusual values.  Replicate 1, sample 1-1 and 1-2 had 
high variability.  Replicate 3 sample 1-2 was also high.  After discussion with Battelle, reserve 
aliquots from these samples were rerun in the scintillation counter.  Data for original replicates 1 
and 3 are not presented in this report, but are included in the study documentation. 

4.1 Radiochemical Purity 
 
The measured radiochemical purity of the [3H]ASDN was 97%.  The RTI [3H]ASDN 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. 
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4.3 Protein Analysis 
 
Test 
chemical 
code 

Test 
chemical ID 

Replicate Assay 
Date 

Protein stock 
concentration 
(measured) 

Upper/lower 
[test chem.] 

Stock soln ID Stock 
soln  
(mg/mL) 

Stock soln 
exp date 

11343-7 Microsomes 1 13 January 
2005 

14.414 
mg/mL 

0.13–1.5 
mg/mL BSA 

1131-1714-4 2.6 13 July 2005 

11343-7 Microsomes 3 20 January 
2005 

14.745 
mg/mL 

0.13–1.5 
mg/mL BSA 

1131-1718-4 2.6 13 July 2005 

11343-7 Microsomes 4 24 January 
2005 

10.121 
mg/mL 

0.13–1.5 
mg/mL BSA 

1131-1738-4 2.6 13 July 2005 

4.4 Aromatase Activity 
 

Test 
Chemical 

Replicate FEAC 
Beginning 

FEAC 
End 

Standard 
Deviation 

Overall Mean 
(±sd) 

1 0.0593 0.0518 0.0038, 0.0033 0.0555 
(0.0052) 

3 0.0361 0.0422 0.0196, 0.0020 0.0392 
(0.0119) 

4-OH 
ASDN 

4 0.0560 0.0538 0.0021, 0.0004 0.0549 
(0.0017) 

4.5 Percent of Control 
 

Percent of Control Mean Test 
chemical 

Replicate Log[test 
chemical] Tube 1 Tube 2 Tube 3  

–6.00 3.65 2.88 4.10 3.54 
–7.00 34.89 33.81 30.62 33.11 
–7.30 52.97 49.29 47.54 49.93 
–7.60 66.82 67.54 67.46 67.27 
–8.00 90.51 88.95 84.12 87.86 

1 

–9.00 102.63 108.72 95.69 102.35 
–6.00 9.26 11.67 7.05 9.33 
–7.00 45.39 41.15 41.01 42.52 
–7.30 60.51 57.74 55.83 58.03 
–7.60 71.24 69.62 91.52 77.46 
–8.00 92.79 100.49 89.49 94.26 

3 

–9.00 100.81 106.05 100.38 102.41 
–6.00 7.07 7.88 7.26 7.40 
–7.00 36.78 36.96 37.86 37.20 
–7.30 52.76 52.63 47.73 51.04 
–7.60 78.85 72.03 75.92 75.60 
–8.00 79.71 81.39 71.45 77.52 

4-OH 
ASDN 

4 

–9.00 95.96 90.63 82.96 89.85 
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4.6 IC50 
 
Test 
chemical 

Replicate Log[IC50] SE 
log[IC50]

IC50 Slope SE 
slope  

Status Overall IC50 
(±sd, sem, 
%CV) 

1 –7.330 0.01079 4.677x10-8  -1.1030 0.02545 C 
3 –7.222 0.03546 5.997x10-8  -0.9464 0.06286 C 

4-OH 
ASDN 

4 –7.174 0.05393 6.702x10-8  -0.8759 0.08363 C 

5.79x10-8 

(1.03x10-8, 
5.94 x10-9, 
17.7%) 

See Appendix 7 for graphical representations of the data. 

4.7 Statistical Analysis 
 
Statistical analyses were carried 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 inhibitor 4-OH 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 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-OH ASDN concentration and extent of inhibition.  The concentration response curves were 
summarized by the IC50 (concentration corresponding to 50 percent inhibition) and slope.  Results 
were compared across replicates.  In 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. Replicate 3 had a higher estimated IC50 than replicates 1 and 4.  Replicate 1 had a more 

negative slope than the other replicates. 
2. For the background activity controls the average percent of control response at the end of 

replicate 4 was lower than at the beginning, while it was higher for replicate 1.  For the full 
enzyme activity controls the average percent of control response at the end of replicate 1 
was lower than at the beginning, while it was higher for replicate 3.   There was not 
consistent difference in aromatase activity between the beginning and end of a replicate. 

3. For both the background activity control and the full enzyme activity controls averaged 
across replicates there were not significant differences between the beginning and the 
end portions.  The variation among replicates is constrained to be 0 and the variation of 
portion (end vs. beginning) effects among replicates was estimated to be zero. 

4. One of the full enzyme activity control value at the beginning of replicate 3 (56.9%) 
appears to possibly be an outlier on the low side.  This inflated the standard error and the 
repetition variance component for full enzyme activity controls.   If this value was 
excluded, the repetition variance was reduced from 305.41 to 22.87 and the full enzyme 
activity control values at the beginning were significant higher than those at the end.  

5.0 Discussion and Conclusions 
 
The study goal was to validate a placental aromatase assay run with different concentrations of a 
known inhibitor (4-OH 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-OH ASDN at six different 
concentrations. 
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After assay results were obtained, data were 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 Appendix 7, is included here: 
 
1. Replicate 3 had a higher estimated IC50 than replicates 1 and 4.  Replicate 1 had a more 

negative slope than the other replicates. 
2. For the background activity controls the average percent of control response at the end of 

replicate 4 was lower than at the beginning, while it was higher for replicate 1.  For the full 
enzyme activity controls the average percent of control response at the end of replicate 1 
was lower than at the beginning, while it was higher for replicate 3.   There was not 
consistent difference in aromatase activity between the beginning and end of a replicate. 

3. For both the background activity control and the full enzyme activity controls averaged 
across replicates, there were not significant differences between the beginning and the 
end portions.  The variation among replicates is constrained to be 0 and the variation of 
portion (end vs. beginning) effects among replicates was estimated to be zero. 

4. One of the full enzyme activity control values at the beginning of replicate 3 (56.9%) 
appears to possibly be an outlier on the low side.  This inflated the standard error and the 
repetition variance component for full enzyme activity controls.  If this value was 
excluded, the repetition variance was reduced from 305.41 to 22.87 and the full enzyme 
activity control values at the beginning were significant higher than those at the end. 

6.0 References 
 
Endocrine Disruptor Screening Program Quality Management Plan, Version 2; Battelle; May 12, 
2003.   
 
Technical Work Plan on Microsomal Aromatase Validation Study; EPA Contract Number 68-W-
01-023, Work Assignment 4-16; 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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Appendix 1: Copy of In Vitro Technologies Protocol 
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Appendix 3: Excel Spreadsheets for Task 4 
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Appendix 4: Prism Output for Task 4 
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ANALYTICAL CHEMISTRY ACTIVITIES REPORT 

  4-HYDROXYANDROSTENEDIONE (4-OH ASDN) 

CAS No.:  566-48-3 Lot No.:  063K4069 (Sigma Aldrich) 

Receipt Date:  10/22/04 Amount Received:  3.1 g 

Appearance:  Solid Vendor Purity:  99% by TLC 

Storage Conditions (@ Battelle):  Refrigerated (~5°C)  

STRUCTURE: 

 

 

 

 

Mol. Wt.: 

302.41 g/mol 

Mol. Formula: 

C19H26O3 

 

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 Inspection Date 
Date Reported to Study 
Director/Management 

Test substance receipt 10/26/2004 10/26/2004 

Dispensing* 12/ 2/2004 12/ 2/2004 

Formulation analysis* 12/ 2/2004 12/ 2/2004 

Formulation preparation* 12/ 2/2004 12/ 2/2004 

Audit analytical report 7/26/2005 7/26/2005 

Audit study file 7/26/2005 7/26/2005 

Audit analytical report   

   

   

   

 

* 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 
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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 of 3.02 mg/mL (0.01M).  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. 

 



Battelle Study No. WA 4-16/17 iv 

TABLE OF CONTENTS 

Page 

1 INTRODUCTION..................................................................................................................................................1 

2 CHEMICAL RECEIPT AND STORAGE .............................................................................................................1 

3 SOLUBILITY STUDIES .......................................................................................................................................3 

4 FORMULATION ANALYSIS METHOD PERFORMANCE EVALUATION (MPE) ........................................3 

4.1 Method Development ......................................................................................................................................3 

4.2 Method ............................................................................................................................................................3 

4.3 Method Validation...........................................................................................................................................4 

4.3.1 Preparation of Standards and Blanks ..................................................................................................4 

 4.3.1.1 Internal Standard and ..........................................................................................................4 

 4.3.1.2 Stock Standards ..................................................................................................................4 

 4.3.1.3 Vehicle/Calibration Standards ............................................................................................4 

 4.3.1.4 Blanks .................................................................................................................................5 

4.3.2 Analysis ..............................................................................................................................................5 

4.3.3 Calculations ........................................................................................................................................5 

4.3.4 Results ................................................................................................................................................5 

4.3.5 Conclusions.........................................................................................................................................7 

5 FORMULATION STABILITY STUDIES ............................................................................................................7 

5.1 Study Design ...................................................................................................................................................7 

5.2 Formulation Method........................................................................................................................................7 

5.3 Analysis Method .............................................................................................................................................8 

5.4 Results .............................................................................................................................................................8 

5.5 Discussion and Conclusions ..........................................................................................................................10 

6 FORMULATION PREPARATIONS AND ANALYSES ...................................................................................10 

6.1 Preparation of Formulations ..........................................................................................................................10 

6.2 Preparation of Standards and Blanks.............................................................................................................10 

6.3 Preparation of Formulation Samples .............................................................................................................10 

6.4 Analysis.........................................................................................................................................................10 

6.5 Calculations...................................................................................................................................................10 

6.6 Results ...........................................................................................................................................................11 

6.7 Conclusions ...................................................................................................................................................12 

7 ACKNOWLEDGMENTS ....................................................................................................................................13 



Battelle Study No. WA 4-16/17 v 

 

LIST OF TABLES 

Table 1. GC System ...............................................................................................................................................4 

Table 2. Preparation of Vehicle/Calibration Standards ..........................................................................................5 

Table 3. Regression Analysis Validation Results...................................................................................................6 

Table 4. Vehicle/Calibration Standard Validation Results .....................................................................................6 

Table 5. Formulation Storage Stability Results (3.02 mg/mL)...............................................................................8 

Table 6. Regression Analysis Results ......................................................................................................................  

Table 7. Formulation Analysis Results.................................................................................................................12 

LIST OF FIGURES 

Figure 1. Certificate of Analysis..............................................................................................................................2 

Figure 2. Representative Overlaid Chromatograms from a High and Low Vehicle/Calibration Standard, 

 Blank with Internal Standard, and Blank from the Validation (Shown Top to Bottom)...........................6 

Figure 3. Control Charts for the Storage Stability Studies.......................................................................................9 

Figure 4. Representative Overlaid Chromatograms of a High and Low Vehicle/Calibration Standard, Blank with 

IS, and Blank from Formulation Analysis Batch 1-ASDN and Batch 2-ASDN  

 (Shown Top to Bottom)..........................................................................................................................11 



Battelle Study No. WA 4-16/17 1 

1 INTRODUCTION 

The purpose of this work was to provide all necessary chemistry support activities for 4-

hydroxyandrostenedione on EPA 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, WA 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. WA 4-16/17 2 

 

 

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-OH 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 10-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-OH ASDN did not go into solution. 

A second solubility study was conducted to determine the solubility of 4-OH ASDN in 95% ethanol, with a 

solubility of at least 3.02 mg/mL being required for acceptability.   The 4-OH ASDN (0.03020 ± 0.0.00302 g) was 

weighed into a 10-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% ethanol 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 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. 
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Table 1 – GC System 

GC Agilent 6890 (Palo Alto, CA) 

Column RTX-5, 30 m × 0.25 mm (ID), 0.25 µm film thickness (Restek, Bellefonte, PA) 

Carrier Gas and Flow Rate Helium at 2 mL/minute 

Oven Temperature 150°C, hold for 1 minutes, increase at 15°C/minute to 320°C 

Detector Type Flame Ionization 

Detector Flow Rates Hydrogen at 30 mL/minute; Air at 380 mL/minute 

Detector Temperature 320°C 

Injector Temperature 250°C 

Injection Volume 1 µL 

Injection Mode Split 1:10 

Run Time ~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 

4.3.1.1 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 ± 1.0 mg of  

4-hydroxyandrostenedione (4-OH 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 µg/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 
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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 

Std 
Target Final Conc

(µg/mL) Source Source Volume
(mL) 

IS 
(mL) 

95% Ethanol 
(mL) 

Final Volume 
(mL) 

VS1 500 A 5 1 1 10 

VS2 300 B 3 1 1 10 

VS3 200 A 2 1 1 10 

VS4 100 B 1 1 1 10 

4.3.1.4 Blanks 

Triplicate blanks without IS were prepared by pipetting 1 mL of 95% ethanol into three 

individual 10-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 individual 10-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-OH 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 1/x was calculated relating the response ratio of 4-OH 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-OH ASDN or IS peaks.     

 

Figure 2 – Representative Overlaid Chromatograms from a High and Low Vehicle/Calibration Standard,  

Blank 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 

Slope y-Intercept Correlation Coefficient Standard Error 

0.0038 -0.0272 0.9975 0.0565 
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The vehicle/calibration standard validation results are shown in Table 4.   

Table 4 –Vehicle/Calibration Standard Validation Results  

Nominal Std Conc 
(µg/mL) 

Det’d Std Conc
(µg/mL) 

Avg 
Det’d Std Conc

(µg/mL) 

s 
(µg/mL) % RSD %RE Avg  

%RE

496.8 -1.9 

494.5 -2.3 506.4 

537.5 

509.6 24.2 4.7 

6.1 

0.6 

298.1 298.4 NA NA NA -2.9 NA 

202.5 198.8 NA NA NA -1.9 NA 

100.7 1.3 

99.98 0.5 99.38 

100.5 

100.4 0.4 0.4 

1.1 

1.0 

 

 

 

The method validation sensitivity was 1.2 µg/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 µg/mL when a formulation is diluted 1 to 10 for analysis.  The limit of 

quantitation (LOQ), was 4.2 µg/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 µg/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 µg/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 of 3.02 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. 



Battelle Study No. WA 4-16/17 8 

5.2 Formulation Method 

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

concentration of 3.02 mg/mL (0.01 M) in 95% ethanol by accurately weighing 75.50 ± 0.75 mg of 4-OH 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 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 ± 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.   

In triplicate, 1 mL of the formulation and 1 mL of IS 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 Stability Results (3.02 mg/mL) 
Preparation 

Date 
Analysis 

Date Day Det’d Conc 
(mg/mL) 

Avg Det’d Conc 
(mg/mL) ± s 

% of Day 0 Conc 
± s 

11/10/04 11/10/04 0 2.871 2.873 2.928 2.891±0.032 100.0±0.3 

11/10/04 11/24/04 14 3.080 3.085 3.149 3.080±0.071 106.5±2.5 

12/2/04 12/2/04 0 3.005 3.022 3.005 3.011±0.010 100.0±0.3 

12/2/04 12/29/04 27 3.168 3.123 3.117 3.136±0.028 104.2±0.9 

12/2/04 1/25/05 54 3.008 3.126 3.110 3.081±0.064 102.3±2.1 

12/2/04 2/23/05 83 3.027 3.131 3.216 3.125±0.095 103.8±3.1 

12/2/04 5/24/05 173 3.126 3.142 3.129 3.133±0.008 104.1±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. 
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Figure 3 – Control Charts for the Storage Stability 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-OH ASDN) in 95% Ethanol.”  This section describes the method, results, and 

conclusions. 

6.1 Preparation of Formulations 

 An accurate weight of 151.00 ± 0.50 mg of 4-OH 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 of 3.02 mg/mL (0.01 M) 4-OH 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 1-mL of IS 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 of the high and low standards, blank 

with internal standard and a blank presented in Figure 4. 

Figure 4 – Representative Overlaid Chromatograms of a High and Low Vehicle/Calibration Standard, 
Blank with IS, and Blank from Formulation 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 curves indicated linearity and are 

shown in Table 6. 

Table 6 –Regression Analysis Results 

Slope y-Intercept Correlation Coefficient Standard Error 

0.0038 -0.0140 0.9999 0.0117 

0.0035 -0.0037 1.000 0.0061 

0.0036 -0.0251 0.9999 0.0100 

0.0038 -0.0218 0.9999 0.0104 
 

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

Table 7 – Formulation Analysis Results 

Batch Det’d Conc (mg/mL) Avg Det’d Conc (mg/mL) Avg % RE % RSD 

1-ASDN 3.005 3.022 3.005 3.011 -0.3 0.3 

2-ASDN 3.056 3.089 3.049 3.065 1.5 0.7 

3-ASDN 3.112 3.053 3.063 3.076 1.9 1.0 

4-ASDN 2.943 2.945 2.950 2.946 -2.5 0.1 
 

The formulations met acceptance criteria (RE within 10% of target 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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Description of Data Calculations  
 
In Vitro Technologies will supply all raw data to Battelle in electronic format using Excel 
spreadsheets and Prism template (to be developed and provided by Battelle). 
 
Data Analysis 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 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 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 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) will 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 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 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)-1min-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 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 positive full enzyme activity control activity and multiplying by 100. 
 
 
 
 
 
IC50 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+10((LogIC
50

-X)*HillSlope) 
 
Where:  X is the logarithm of concentration 

Y is the percent activity 
 

The data will be formatted as follows: 
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• One spreadsheet or table will display the DPMs for all assay tubes, calculations of 

activity (nmol (mg protein)-1min-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 variation. 

 
• Graphs of activity versus log chemical concentration. 

 
• Table of IC50 by date, run, technician, assay method. 

 
 
Statistical Analysis 
 
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. 
 
Concentration Response Fits for the Test Substance 
 
For the test substance multiple independent replicates of the concentration response curve fit will 
be carried out.  The number of replicates will be three.  Full enzyme activity and background 
activity control percent activity values will be compared across daily replicate tests for each test 
substance. 
 
For each replicate, two repeat tubes of the positive 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 positive full enzyme activity 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-OH 
ASDN). 
 
For each repetition at each level, the Excel database spreadsheet will 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 
[3H]ASDN, 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 
0 within each replicate and the average percent activity across the four full enzyme activity 
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repeat tubes must necessarily equal 100 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 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 will sometimes extend below 0% or above 100%.   
 
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 = 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 
β = slope of the concentration response curve (β will be negative) 
µ = log10IC50 (IC50 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 + 10(µ-X)β] + ε 
 
where ε is the variation among repetitions, distributed with mean 0 and variance proportional to 
DAVG (based on Poisson distribution theory for radiation counts).  The variance is 
approximated by Y.  The response curve will be fitted by weighted least squares nonlinear 
regression analysis with weights equal to 1000/DAVG 1/Y.  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%.  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 of the fit within each replicate the extent of aromatase inhibition 
will be summarized as IC50 (10 µ) and slope (β).  The estimated IC50 for an inhibitor compound 
will be the (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 
variability.  The average value and standard error of log10IC50 or β can be calculated based on a 
one-way random effects analysis of variance model fit. 
 
For each test substance and replicate the estimated log10IC50 (Φ), the within replicate standard 
error of µ, the IC50, the slope (β), the within replicate standard error of β, and the ”Status” of 
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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 log10IC50. 
“IX” Incomplete.  But must extrapolate to log10IC50. 
 
Replicates for which a concentration response curve cannot be fitted (and so an IC50 cannot be 
estimated) will 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 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.  
 
For each replicate treat (β, µ) as a random variable with mean (βavg, µavg).  Let X and Y (0 < Y < 
100) denote logarithm of concentration and percent of control, as defined above.   

 
L = log10([Y/(100 – Y)]) 

 
The average response curve is expressed as: 
 

L = βavg(µavg - 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 = 100/[1 + 10 βavg(µavg - X)]. 
 
Slope (β) and log10IC50 (µ) will also be compared across replicates based on random 
effects analysis of variance, treating the replicates as random effects.  β and µ 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). 
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Negative and Positive Full Enzyme Activity and Background Activity Control Values 
Across Replicates 
 
Within each replicate, quadruplicate repetitions will be made of the background activity tubes 
and the positive full enzyme activity 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 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 
positive 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% (positive full enzyme activity 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 full enzyme activity control tubes and the background 
activity tubes.  The factors in the analysis of variance will be replicate, portion (beginning or 
end), and 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 innon-
significant.  Note that the replicate effects will necessarily be zero because of the constrained 
totals within each replicate.  For 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 
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, will be presented graphically. 
 
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).  These supplemental statistical 
analyses and displays will be performed by Battelle Memorial Institute. 
  
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, the extent of 
laboratory-to-laboratory variation, and overall consensus estimates among the laboratories. 




