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FOREWORD 

 

This final report is submitted in compliance with the requirement of the subcontract # 5-340-

0210114 (Modification # 1) and summarizes the work performed from 6 February 2008 

through 10 July 2008 by The Hamner Institutes for Health Sciences as subcontractor to RTI 

International, Research Triangle Park, NC 27709. The information contained herein is 

submitted with the understanding that it is privileged or confidential in accordance with the 

Freedom of Information Act, 5 U.S.C., Section 552(b)(4). All of the assay procedures for In 

Vitro Estrogen Receptor Binding Assays were performed in accordance with the EPA 

Protocol for the In Vitro Estrogen Receptor Saturation Binding and Competitive Binding 

Assays using Rat Uterine Cytosol by the Hamner Institutes for Health Sciences. 
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SUMMARY 

 

For the ER Binding Project under Task 7, we have performed 4 saturation binding assays with 

3 cytosol preparations and over 170 competitive binding assays to obtain acceptable data. The 

protein value of cytosol preparation (Prep)-3, 4, and 5 from commercially obtained uteri was 

8.09, 6.67, and 2.5 mg/ml, respectively. The saturation binding assay for cytosol prep-3 with 

50 µg of protein, showed a Kd value of 0.061 nM which was within the range of the protocol 

criteria for Kd measurement (0.05 nM to 0.5 nM) and a linear Scatchard plot. The Bmax value 

was 17.43 fmol ER/100 µg protein. The saturation binding assay for cytosol prep-4 with 50 

µg of protein had a Kd value of 0.138 nM which was within the range of the protocol criteria 

for Kd measurement and a linear Scatchard plot. The Bmax value was 15.17 fmol ER/100 µg 

protein. The saturation binding assay for cytosol prep-5 with 50 µg of protein, showed a Kd 

value of 0.235 nM which was within the range of the protocol criteria for Kd measurement 

and a linear Scatchard plot. The Bmax value was 36.46 fmol ER/100 µg protein. The binding 

curves of specific [3H]-17β-estradiol binding versus radioligand concentration for the 

saturation binding experiments of all the cytosol preparations reached a plateau for maximum 

specific binding indicative of saturation of the ER with the radioligand. 

The competitive binding assays showed reproducible standard curves for estradiol, the weak 

positive, norethynodrel, and the negative control, R1881. The IC50 values for 17β-estradiol 

were reproducible for each experiment and within the expected values. A representative value 

for average IC50 value for 17β-estradiol (from 20 competitive binding assays), norethynodrel 

(from 19 competitive binding assays), and R1881 (from 10 competitive binding assays) was 

-8.99±4.43E-02, -6.06±5.16E-02, and -4.77±1.7E-01, respectively. Norethynodrel showed a 

low, but positive, relative binding affinity (1.30E-03 ± 9.59E-05) when compared to 17β-

estradiol. 

Based on the criteria for determining the classification of a chemical from the Hill slope data 

of approximately -1.0, the test chemicals were determined to be positive, negative, or 

equivocal. There were 15 chemicals which were found to be positive. The positive chemicals 

were: code # 1, 2, 3, 4, 5, 6, 7, 9, 10, 11, 12, 13, 15, 17, and 23. There were 8 chemicals that 

were negative. The negative chemicals were: code # 8, 14, 16, 18, 19, 20, 21, and 22. 
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For the 20 optional chemicals, one within criteria run was performed for each of them. Based 

on the single run with the above classification criteria, 9 chemicals were classified as negative 

and 11 were positive. The negative chemicals were: code # 27, 28, 30, 31, 35, 36, 38, 45, and 

46. The positive chemicals were: code # 29, 32, 33, 34, 37, 39, 40, 41, 42, 43, and 44. 
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SECTION I:  BACKGROUND 

 

The Food Quality Protection Act of 1996 requires that the Environmental Protection Agency 

(EPA) develop and implement a screening program using validated test systems to determine 

the potential estrogenic effects from pesticides in humans. One of the test systems being 

considered for inclusion in the screening program is an estrogen receptor (ER) binding assay. 

The ER binding assay protocol in this Task Order 6 uses rat uterine cytosol (RUC) as source 

of receptor. The purpose of Task 7 is to test a battery of chemicals and classify them as 

positive, negative, or equivocal in binding relative to 17β- estradiol using the ER competitive 

binding assay. The Hamner was selected as one of the qualified laboratories to conduct Task 

7. This report is a compilation of 23 chemicals with an additional 20 optional chemicals tested 

and submitted to RTI as a part of the subcontract requirement. 
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SECTION II: MATERIALS AND METHODS 

 

II.1 Materials 

 

II.1.1 [3H]-17β-estradiol, 2,4,6,7,16,17-3H-17β-estradiol was purchased from PerkinElmer 

Life and Analytical Sciences (Boston, MA). Catalog#: NET 51700, Batch#: 3589221 

and 3589791, Specific Activity (SA): 110 Ci/mmole, Date SA certified: 8/8/07 and 

3/10/08, Concentration: 1 mCi/ml. Both were stored at 4°C in their original containers 

as per the protocol. Note: Batch#: 3589791 was used in all runs using cytosol prep-

3. In mid-June, a sample of batch#: 3589791 was obtained from RTI which had 

been stored at -20°C in its original container. This batch of [3H]-17β-estradiol 

was used in saturation assay of 061608 (cytosol prep-4 and 5) and all competitive 

binding assays using cytosol prep-5. For recording purposes, it was designated as 

3589791-RTI. Batch#: 3589221 was not used in any run. 

II.1.2 17β-estradiol was purchased from SIGMA (St. Louis, MO). Catalog#: E8875, Lot#: 

026K1806, CAS#: 50-28-2, 99% purity. 

II.1.3 Norethynodrel was purchased from US Pharmacopeial Convention, Inc. (Rockville, 

MD). Catalog#: 1471007, Lot#: G, CAS#: 68-23-5, 100% purity. 

II.1.4 Unknown test chemicals were provided by EPA via Battelle chemical repository and 

stored at ambient or appropriate temperature. 

 

II.2 Methods 

Detailed methodology can be found in The Hamner Protocol based on the original 

EPA protocol on “In Vitro ER Receptor Binding Assay” included as Appendix A. 

II.2.1 Ovariectomy and Uteri Collection  

 Ovariectomy and uteri collection was done at Harlan Sprague-Dawley, Inc. 

(Indianapolis, IN). Cytosol preparations were prepared from uteri collected from 

ovariectomized Sprague-Dawley rats that were 88–93 days old at time of surgery. 

Uteri were removed 8 days after ovariectomy, blotted weights were recorded, and the 

tissues were flash frozen.  
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II.2.2 Preparation of Cytosol 

 Cytosol preparation done on 2/29/08 was designated as cytosol prep-3. Cytosol 

preparation done on 4/20/08 was designated as cytosol prep-4. Cytosol preparation 

done on 6/12/08 was designated as cytosol prep-5. Uteri were placed in ice-cold 

TEDG + PMSF buffer (10 mM Tris (pH 7.4), 1.5 mM EDTA, 10% glycerol, 1 mM 

phenylmethylsulfonyl fluoride, 1 mM DTT, made fresh) at a ratio of 0.1 g of tissue per 

1.0 ml TEDG + PMSF buffer. The tissues were homogenized using a Polytron (PT 

35/10) homogenizer for 5 bursts (~5 seconds per burst). The homogenate was 

transferred to pre-cooled centrifuge tubes and centrifuged for 10 min at 2,500 × g at 

4°C. The supernatant was then transferred to pre-cooled ultracentrifuge tubes and 

centrifuged at 105,000 × g for 60 min at 4°C. The pellet was discarded, the cytosol 

supernatants combined, and aliquots of cytosol were stored at -80°C.  

II.2.3 Determination of Protein Concentration  

 The protein concentration was determined using the Bio-Rad protein assay kit 

(Hercules, CA) using Hamner SOP. A 1:20 or 1:40 dilution of the cytosol was made in 

ddH2O. Ten (10) µl of diluted cytosol or standard was assayed in a 96 well microtiter 

plate. Protein standard concentrations for standard curve were 0, 31.25, 62.5, 125, 250, 

500, 1000µg /ml. Bio-Rad dye reagent was diluted according to manufacturer’s 

instructions and 200µl was added to each well with mixing. The reaction was allowed 

to proceed at RT for 5 min. The absorbance was measured at a wavelength of 595 nm 

by using a SPECTRAmax 340 (00A ROM v2.04 Feb 1, 96) microplate reader 

(Molecular Devices, Sunnyvale, CA).  

II.2.4 Estrogen Receptor Binding Assays 

 

II.2.4.1 Saturation Binding Assay 

 A Saturation Binding assay was performed to determine the concentration of protein 

to use in the Competitive Binding assays for the unknown test chemicals. In the 

Saturation Binding assay, rat uterine cytosol was tested at a concentration of either 25 

or 50 µg protein/tube. The concentration of [3H]-17ß-estradiol used was 0.03–3 nM. 

Before preparing the serial dilutions for the saturation binding assay, the specific 

activity (SA) was adjusted for decay over time. The calculation for SA was made 
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using the “QuickCalcs” (see Appendix E) webpage from GraphPad 

(http://www.graphpad.com/quickcalcs/radcalcform.cfm). The concentration of inert 

17ß-estradiol used was 3–300 nM. The samples were incubated for 16–20 hr at 4º C. 

The bound [3H]-17ß-estradiol was separated from the free [3H]-17ß-estradiol by 

adding 250 µl of hydrated hydroxyapatite (HAP; CAS# 1306-06-05) and vortexing. 

Ice cold buffer was added and the tubes were centrifuged to pellet the HAP which 

contains the estrogen-receptor-bound [3H]-17ß-estradiol. The pellets were washed two 

more times by vortexing and centrifuging and suspended in 1.5 ml of 100% ethanol. 

One ml of ethanol sample was added to 14 ml of scintillation fluid in a 20 ml 

scintillation vial and counted in a Packard Tri-Carb 2200C liquid scintillation analyzer 

in a scintillation counter to determine DPMs/vial. The affinity of the radioligand for 

the receptor (Kd), maximum number of receptor bound (Bmax) and 10% rule criteria 

(ratio of total binding in the absence of competitor to the total amount of [3H]-17β –

estradiol added) were used for the evaluation of the saturation binding. All 

calculations were done using the worksheet and GraphPad Prism templates provided 

by EPA. 

 

II.2.4.2 Competitive Binding Assay With Unknown Test Chemicals 

The test and optional chemicals were tested in the order requested by EPA. Rat uterine 

cytosol was used at a concentration of 50 µg protein/tube. Note: Because of the 

progressive decrease in the specific total binding, the Sponsor (in a conference 

call with RTI and The Hamner) suggested that the concentration of cytosol 

should be increased to 100 µg protein/tube. This was done for all competitive 

binding experiments between 4/17 and 6/18/2008. However, for all competitive 

binding runs using the [3H]-17ß-estradiol received from RTI, 50 µg protein of 

cytosol prep-5 was used. The concentration of [3H]-17ß-estradiol used was 1 nM. 

Before preparing the concentration of [3H]-17ß-estradiol for the competitive binding 

assay, the specific activity (SA) was adjusted for decay over time. The calculation for 

SA was made using the “QuickCalcs” webpage from GraphPad 

(http://www.graphpad.com/quickcalcs/radcalcform.cfm) (see Appendix E). The final 

concentration range for generating the 17ß-estradiol standard curve was 1×10-7 to 

http://www.graphpad.com/quickcalcs/radcalcform.cfm
http://www.graphpad.com/quickcalcs/radcalcform.cfm
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1×10-11 M. The final concentration range of the weak positive control, norethynodrel, 

was 1×10-4 to 1×10-8.5 M. The final concentration range of the negative control, 

R1881, was 1×10-3 to 1×10-10 M. Based on the solubility of each test chemical in 

ethanol, most test chemicals were diluted in ethanol and tested at a final concentration 

range of 1×10-15 to 1×10-3 M in log increments (see Table 6). The exceptions were 

chemical 5, 22, and 18 which were dissolved in DMSO at a final concentration range 

of 1×10-11 to 1×10-3 M in log increments. 

The samples were incubated for 16–20 hr at 4ºC. The bound [3H]-17ß-estradiol was 

separated from the free [3H]-17ß-estradiol by adding 250 µl of hydrated 

hydroxyapatite (HAP) and vortexing. Ice cold buffer was added and the tubes were 

centrifuged to pellet the HAP which contains the estrogen-receptor-bound [3H]-17ß-

estradiol. The pellets were washed two more times by vortexing and centrifuging and 

suspended in 1.5 ml of 100% ethanol. One ml of the ethanol sample was added to 

14 ml of scintillation fluid in a 20 ml scintillation vial and counted in a Packard Tri-

Carb 2200C liquid scintillation analyzer to determine DPMs/vial. The log (IC50) and 

relative binding affinity (RBA) were calculated according to the worksheet and 

GraphPad Prism templates provided by EPA and used for the evaluation of the 

competitive binding assay.  

 

II.2.4.3 Preparation of Test Chemicals for Standard Curve Generation 

1. Chemical Code # 7, 11, 12, 19, 20, and 23: For generating standard curve (final 

concentrations: 1×10-10 to 1×10-3 M), these chemicals were made as follows: a 

100 mM stock concentration in EtOH was made first. From the 100 mM stock, a 

1:2 dilution (5×10-2M) was made in TEDG + PMSF buffer (hereafter referred to 

as TP buffer). The next 1:10 dilution (5×10-3M) was cloudy when 100 μl of 

5×10-2M was added to 900 μl of TP buffer. Therefore, a combination of 700 μl 

TP buffer and 200 μl EtOH was used (which dissolved the chemicals very well) 

to make the 5×10-3M concentration. Using this proportion of TP buffer and EtOH, 

the final EtOH concentration in sample tube was 1.6% which was within the 

criteria of a final concentration of EtOH in the sample tube of < 3%. For the 
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5×10-4 to 5×10-9 M concentrations, 1:10 serial dilutions were made in TP buffer 

from the 5×10-3M concentration (100 μl chemical + 900 μl TP buffer).  

2. Chemical Code # 10, 15, and 21: For generating standard curve (final 

concentrations: 1×10-12 to 1×10-3 M), these chemicals were made as follows: a 

100 mM stock concentration in EtOH was made first. From the 100 mM stock, a 

1:2 dilution (5×10-2M) was made in TP buffer. For the 5×10-3 to 5×10-9M 

concentrations, 1:10 serial dilutions were made in TP buffer from the 5×10-2M 

concentration (100 μl chemical + 900 μl TP buffer).  

  Note: Other standard curves for Chemical Code # 10 were generated as follows: 

For final concentrations of 1×10-5 to 1×10-12 M, a 10 mM stock concentration in 

EtOH was made first. From the 10 mM stock, a 1:20 dilution (5×10-4M) was 

made in 50% TP buffer. Therefore, using this proportion of TP buffer and EtOH, 

the final EtOH concentration in sample tube was within the criteria of a final 

concentration of EtOH in the sample tube of < 3%. For the 5×10-4 to 5×10-11 M 

concentrations, 1:10 serial dilutions were made in TP buffer from the 5×10-4 M 

concentration (100 μl chemical + 900 μl TP buffer).  

3. Chemical Code # 18 and 22: Since these two chemicals did not dissolve well in 

EtOH, DMSO was used as the solvent. For generating standard curve (final 

concentrations: 1×10-11 to 1×10-4 M), a 100 mM stock concentration in DMSO 

was made first. From the 100 mM stock, a dilution of 5×10-3M was made using 

500 μl TP buffer, 450 μl DMSO and 50 μl of 100 mM stock. For the 5×10-4 to 

5×10-10 M concentrations, 1:10 serial dilutions were made in TP buffer from the 

5×10-3M concentration (100 μl chemical + 900 μl TP buffer).  

4. Chemical Code # 16: For generating standard curve (final concentrations: 1×10-10 

to 1×10-3 M), a 100 mM stock concentration in EtOH was made. From the 

100 mM stock, a 1:2 dilution (5×10-2M) was made in TP buffer. The next 1:10 

dilution (5×10-3M) was cloudy when 100 μl of 5×10-2M was added to 900 μl of 

TP buffer. Therefore, a combination of 600 μl TP buffer and 300 μl EtOH was 

used (which dissolved the chemical well) to make the 5×10-3M concentration. 

The final EtOH concentration in sample tube was 1.8% which was within the 
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criteria of a final concentration of EtOH in the sample tube of < 3%. For the 

5×10-4 to 5×10-9 M concentrations, 1:10 serial dilutions were made in TP buffer 

from the 5×10-3M concentration (100 μl chemical + 900 μl TP buffer).  

5. Chemical Code # 5: Since this chemical did not dissolve well in EtOH, DMSO 

was used as the solvent. For generating standard curve (final concentrations: 

1×10-10 to 1×10-3M), a 100 mM stock concentration in DMSO was made first. 

From the 100 mM stock, a dilution of 5×10-2M was made using 500 μl TP buffer, 

500 μl of 100 mM stock. The next 1:10 dilution (5×10-3M) was cloudy when 

100 μl of 5×10-2M was added to 900 μl of TP buffer. Therefore, a combination of 

700 μl TP buffer and 200 μl EtOH was used to make the 5×103 M concentration. 

For the 5×10-4 to 5×10-9 M concentrations, 1:10 serial dilutions were made in TP 

buffer from the 5×10-3M concentration (100 μl chemical + 900 μl TP buffer).  

6. Chemical Code # 13, 14, and 17: For generating standard curve (final 

concentrations: 1×10-11 to 1×10-4 M), a 100 mM stock concentration in EtOH was 

made first. From the 100 mM stock, a dilution of 5×10-3M was made using 500 μl 

TP buffer, 450 μl EtOH and 50 μl of 100 mM stock. A combination of 700 μl TP 

buffer and 200 μl EtOH was used to make the 5×10-4M concentration. For the 

5×10-5 to 5×10-10 M concentrations, 1:10 serial dilutions were made in TP buffer 

from the 5×10-4M concentration (100 μl chemical + 900 μl TP buffer).  

7. Chemical Code # 9: For generating standard curve (final concentrations: 1×10-13 

to 1×10-5 M), a 100 mM stock concentration in EtOH was made first. From the 

100 mM stock, a dilution of 5×10-4M was made using 500 μl TP buffer, 495 μl 

EtOH and 5.0 μl of 100 mM stock. For the 5×10-5 to 5×10-12 M concentrations, 

1:10 serial dilutions were made in TP buffer from the 5×10-4M concentration 

(100 μl chemical + 900 μl TP buffer).  

8. Chemical Code # 4: For generating standard curve (final concentrations: 1×10-15 

to 1×10-8 M), a 100 mM stock concentration in EtOH was made first. From the 

100 mM stock, a dilution of 5×10-4M was made using 700 μl TP buffer, 290 μl 

EtOH and 10 μl of 100 mM stock. From the 5×10-4M stock, a dilution of 

5×10-6M was made using 990 μl TP buffer and 10 μl of 5×10-4M stock. For the 
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5×10-7 to 5×10-14 M concentrations, 1:10 serial dilutions were made in TP buffer 

from the 5×10-6M concentration (100 μl chemical + 900 μl TP buffer).  

9. Chemical Code # 1 and 3: For generating standard curve (final concentrations: 

1×10-14 to 1×10-6 M), a 100 mM stock concentration in EtOH was made first. 

From the 100 mM stock, a dilution of 5×10-2M was made using 500 μl TP buffer 

and 500 μl of 100 mM stock. From the 5×10-2M stock, a dilution of 5×10-4M 

was made using 990 μl TP buffer and 10 μl of 5×10-2M stock. For the 5×10-5 to 

5×10-12 M concentrations, 1:10 serial dilutions were made in TP buffer from the 

5×10-4M concentration (100 μl chemical + 900 μl TP buffer).  

10. Chemical Code # 6: For generating standard curve (final concentrations: 1×10-11 

to 1×10-4 M), a 100 mM stock concentration in EtOH was made. From the 

100 mM stock, a dilution of 5×10-3M was made using 500 μl TP buffer, 450 μl 

EtOH and 50 μl of 100 mM stock. For the 5×10-4 to 5×10-10 M concentrations, 

1:10 serial dilutions were made in TP buffer from the 5×10-3M concentration 

(100 μl chemical + 900 μl TP buffer).  

11. Chemical Code # 2: For generating standard curve (final concentrations: 1×10-12 

to 1×10-5 M), a 100 mM stock concentration in EtOH was made first. From the 

100 mM stock, a dilution of 5×10-2M was made using 500 μl TP buffer and 

500 μl of 100 mM stock. From the 5×10-2M stock, a dilution of 5×10-4M was 

made using 500 μl TP buffer, 490 μl EtOH and 10 μl of 5×10-2M stock. For the 

5×10-5 to 5×10-11 M concentrations, 1:10 serial dilutions were made in TP buffer 

from the 5×10-4M concentration (100 μl chemical + 900 μl TP buffer).  

12. Chemical Code # 8: For generating standard curve (final concentrations: 1×10-10 

to 1×10-3 M), a 100 mM stock concentration in EtOH was made first. From the 

100 mM stock, a concentration of 5×10-2M was made using 500 μl TP buffer 

and 500 μl of 100 mM stock. The 5×10-3M concentration was made with 600 μl 

TP buffer, 300 μl EtOH, and 100 μl of 5×10-2M concentration. The 5×10-4M 

concentration was made with 700 μl TP buffer, 200 μl EtOH, and 100 μl of 

5×10-3M concentration. For the 5×10-4 to 5×10-9 M concentrations, 1:10 serial 
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dilutions were made in TP buffer from the 5×10-3M concentration (100 μl 

chemical + 900 μl TP buffer).  

13. Chemical Code # 27, 30, 36: For generating standard curve (final concentrations: 

1×10-12 to 1×10-5 M), these chemicals were made as follows: a 5 mM stock 

concentration was made instead of 100 mM as the chemical would not dissolve 

at this concentration even after warming, vortexing, or sonication using EtOH. 

For the 5×10-4 to 5×10-11 M concentrations, 1:10 serial dilutions were made in 

TP buffer from the 5×10-3M concentration (100 μl chemical + 900 μl TP buffer).  

14. Chemical Code # 28, 29: For generating standard curve (final concentrations: 

1×10-11 to 1×10-4 M), these chemicals were made as follows: a 10 mM stock 

concentration was made instead of 100 mM as the chemical would not dissolve 

at this concentration even after warming, vortexing, or sonication using EtOH. 

From the 10 mM stock, a concentration of 5×10-3M was made using 500 μl TP 

buffer and 500 μl of 100 mM stock. For the 5×10-4 to 5×10-10 M concentrations, 

1:10 serial dilutions were made in TP buffer from the 5×10-3M concentration 

(100 μl chemical + 900 μl TP buffer).  

15. Chemical Code # 32: For generating standard curve (final concentrations: 

1×10-10 to 1×10-3 M), this chemical was made as follows: a 100 mM stock 

concentration in EtOH was made first. From the 100 mM stock, a 1:2 dilution 

(5×10-2M) was made in TP buffer. For the 5×10-3 to 5×10-9 M concentrations, 

1:10 serial dilutions were made in TP buffer from the 5×10-2M concentration 

(100 μl chemical + 900 μl TP buffer).  

16. Chemical Code # 34, 37, 39, 40: For generating standard curve (final 

concentrations: 1×10-11 to 1×10-4 M), these chemicals were made as follows: a 

50 mM stock concentration in EtOH was made using sonication to dissolve the 

chemical. The next 1:10 dilution (5×10-3M) was cloudy when 100 μl of 5×10-2 M 

was added to 900 μl of TP buffer. Therefore, a combination of 700 μl TP buffer 

and 200 μl EtOH was used to make the 5×10-3 M concentration. For the 5×10-4 

to 5×10-10 M concentrations, 1:10 serial dilutions were made in TP buffer from 

the 5×10-3M concentration (100 μl + 900 μl TP buffer).  
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17. Chemical Code # 31, 38: For generating standard curve (final concentrations: 

1×10-11 to 1×10-4 M), these chemicals were made as follows: a 50 mM stock 

concentration in EtOH was made using sonication to dissolve the chemical. For 

the 5×10-3 to 5×10-10 M concentrations, 1:10 serial dilutions were made in TP 

buffer from the 5×10-2M chemical concentration (100 μl chemical + 900 μl TP 

buffer). 

18. Chemical Code # 33, 42, 43: For generating standard curve (final concentrations: 

1×10-10 to 1×10-3 M), these chemicals were made as follows: a 100 mM stock 

concentration in EtOH was made first. From the 100 mM stock, a 1:2 dilution 

(5×10-2M) was made in TP buffer. The next 1:10 dilution (5×10-3M) was cloudy 

when 100 μl of 5×10-2M was added to 900 μl of TP buffer. Therefore, a 

combination of 700 μl TP buffer and 200 μl EtOH was used to make the 

5×10-3M. For the 5×10-4 to 5×10-9 M concentrations, 1:10 serial dilutions were 

made in TP buffer from the 5×10-3M chemical concentration (100 μl chemical + 

900 μl TP buffer).  

19. Chemical Code # 35, 42: For generating standard curve (final concentrations: 

1×10-11 to 1×10-4 M), these chemicals were made as follows: a 50 mM stock 

concentration in EtOH was made using sonication to dissolve the chemical. The 

next 1:10 dilution (5×10-3M) was cloudy when 100 μl of 5×10-2 M was added to 

900 μl of TP buffer. Therefore, a combination of 600 μl TP buffer and 300 μl 

EtOH was used to make the 5×10-3 M. For the 5×10-4 to 5×10-10 M 

concentrations, 1:10 serial dilutions were made in TP buffer from the 5×10-3M 

chemical concentration (100 μl chemical + 900 μl TP buffer).  

20. Chemical Code # 41, 45, and 46: For generating standard curve (final 

concentrations: 1×10-4 to 1×10-11 M), these chemicals were made as follows: a 

10 mM stock concentration in EtOH was made first. From the 10 mM stock, a 

1:2 dilution (5×10-3M) was made in TP buffer. Therefore, using this proportion 

of TP buffer and EtOH, the final EtOH concentration in sample tube was within 

the criteria of a final concentration of EtOH in the sample tube of < 3%. For the 
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5×10-3 to 5×10-10 M concentrations, 1:10 serial dilutions were made in TP buffer 

from the 5×10-3M chemical concentration (100 μl chemical + 900 μl TP buffer).  
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SECTION III:  RESULTS 

 

For the ER Binding Project, we have performed 4 saturation binding assays for 3 cytosol 

preparations and over 170 competitive binding assays. The summary results for the protein 

determination of the cytosol preparations are given in Table 1 and Table 2. The summary 

results for saturation binding assays are given in Table 3 and Figure 1. The summary results 

for the competitive binding assays are given in Figures 2–24 and Tables 4–8. A sponsor 

approved Hamner protocol with amendments and a QA Statement is included in Appendix A. 

The raw data and prism files for the saturation binding assays are included in Appendix B. 

The raw data and prism files for the competitive binding assays including the within run SD 

for controls are in Appendix C. Appendix E shows a sample calculation for correcting the 

specific activity of [3H]-17β –estradiol using GraphPad “Quick Calcs”. 

 

III.1 Determination of Cytosol Protein Concentration 

A standard curve was generated for determining the cytosol protein concentrations of 

cytosol prep-3, 4, and 5 (Table 1). The protein concentrations were determined to be 

8.09 mg/ml for cytosol prep-3, 6.67 mg/ml for cytosol prep-4, and 2.5 mg/ml for 

cytosol prep-5 (Table 2). 

 

Table 1.  Data from Standard Protein Assay for Cytosol Preparations 

BSA BSA BSA 
Protein Conc. 

(ug/ml) 
Mean OD595 Value-

Prep3  
Mean OD595 Value-

Prep4  
Mean OD595 Value-

Prep5  
0 -0.008 -0.001 -0.002 

31.25 0.047  0.047 0.054 
62.5 0.114  0.102  0.110  
125 0.217 0.213 0.219 
250 0.353 0.378 0.393 
500 0.665 0.617 0.700  
1000 1.045 0.941 0.990  

R2 value 0.999 0.998 1.000 
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Table 2.  Data on Protein Concentrations for Cytosol Preparations 

  Cytosol Prep-3 Cytosol Prep-4 Cytosol Prep-5 
Replicate Protein Conc. (mg/ml) Protein Conc. (mg/ml) Protein Conc. (mg/ml) 

1 7.82 6.67 2.52 
2 8.36  2.46 
3   2.52 

AVG±SE 8.09±0.27 6.67 2.50±0.02 
 
 
III.2 Data on Saturation Binding Assay for Cytosol Preparations 

The Kd and Bmax values obtained by using either 25 or 50 µg protein/tube in the 

saturation binding assay are presented in Table 3. All values using 25µg protein/tube 

were not within the expected criteria specifications. For cytosol prep-3, the Kd for 

50 µg of protein/ tube was 0.061 nM and was within the criteria of 0.05 to 0.5 nM. The 

Bmax for 50 µg of protein/tube was 17.43, which was slightly lower than the expected 

criteria of 36 to 44 fmol ER/100 µg protein. For cytosol prep-4, the Kd for 50 µg of 

protein/ tube was 0.138 nM and was within the criteria. The Bmax for 50 µg of 

protein/tube was 15.17, which was slightly lower than the expected criteria. For 

cytosol prep-5, the Kd for 50 µg of protein/ tube was 0.235 nM and the Bmax was 

36.46. Both the Kd and the Bmax values were within the expected criteria for cytosol 

prep-5. Therefore, 50 µg of protein/ tube was selected to use in all competitive assays.  

 
Table 3. Data on Kd and Bmax Values for Cytosol Preparations 

Cytosol Prep 
µg Protein/tube 

Kd  
(nM) 

Bmax  
(fmol ER/100 µg protein)  

3 25 0.042 10.99 
3 50 0.061 17.43 
4 50 0.138 15.17 
5 50 0.235 36.46 
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Figure 1. Summary of Saturation Curves. 
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III.3 Representative Data on Competitive Binding Assay for Controls (Estradiol, 

Norethynodrel, and R1881) from 23 Test Chemicals  

The mean IC50 values for 17β-estradiol (20 competitive binding assays), norethynodrel 

(19 competitive binding assays), and R1881 (10 competitive binding assays) for test 

agents was calculated to be -8.99±4.43E-02, -6.06±5.16E-02, and -4.77±1.66E-01 

respectively. Norethynodrel showed a low, but positive relative binding affinity of 

1.30E-03±9.59E-05 when compared to 17β-estradiol. A summary of representative 

values for IC50, average within run SD (WRSD), and average Relative Binding 

Affinity (RBA) for the controls are presented in Table 4. See Appendix D for tables of 

representative runs. 

 

Table 4. Data on IC50, Average RBA and Average WRSD of Controls for Test Chemicals 
Estradiol Norethynodrel R1881 

Mean SE Mean SE Mean SE IC50 (M) 
-8.99 4.43E-02 -6.06 5.16E-02 -4.77 1.66E-01 

Average RBA 1.00 - 1.30E-03 9.59E-05 N/A N/A 
Average Within Run 

SD±SE 4.82±4.54E-01 5.03±5.59E-01 6.20±6.85E-01 
 

III.4 Data on Competitive Binding Assay for Controls (Estradiol and Norethynodrel) from 

Optional Chemicals 

The mean IC50 values for 17β-estradiol and norethynodrel from 6 competitive binding 

assays for optional chemicals was calculated to be -9.12±1.40E-01 and -5.99±5.76 

E-02, respectively. Norethynodrel showed a low, but positive relative binding affinity 

of 8.91E-04±1.53E-04 when compared to 17β-estradiol. The IC50, average WRSD, 

and average RBA for the controls are presented in Table 5. See Appendix D for tables 

of competitive runs. 
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Table 5. Data on IC50, Average RBA and Average WRSD of Controls from Optional 

Chemicals 
Estradiol Norethynodrel 

Mean SE Mean SE IC50 (M) 
-9.12 1.40E-01 -5.99 5.76E-02 

Average RBA 1.00 - 8.91E-04 1.53E-04 
Average WRSD±SE 2.98±3.05E-01 3.79±4.35E-01 

 

III.5 Data on Competitive Binding Assay for Test Chemicals and Optional Chemicals 

The mean IC50, final concentration range (M), average RBA, average Hill Slope and 

classification for the test chemicals are presented in Table 6. Table 7 gives Log (IC50), 

RBA, Hill slope, and classification for each test chemical. Table 8 gives Log (IC50), 

RBA, Hill slope, and classification for each optional chemical. A summary of the 

estradiol and test chemical graphs are shown in Figures 2 through 24. 
 

Table 6. Data on IC50, Concentration Range (M), Average RBA, Average Hill Slope, and 

Classification of Test Chemicals 

 

Test Chemical Chem 12 Chem 19 Chem 11 Chem 21 
 

Chem 15 
Average IC50 ±SE -7.63±7.80-02 -3.88±6.51E-02 -5.77±7.17E-02 Not converged -5.51±2.17E-02 

Final Concentration 
Range (M) 1×10-10-1×10-3 1×10-10- 1×10-3 1×10-10- 1×10-3 1×10-10-1×10-3 1×10-10 -1×10-3 

Average RBA ±SE 4.06E-02±4.23E-03 6.98E-06±1.69E-06 5.42E-04±3.41E-05 NA 3.25E-04±2.75E-05

Average Hill Slope 
±SE -1.02±6.74E-02 -1.95±1.09E+00 -0.91±9.53E-02 NA -0.81±3.50E-02 

Classification Positive Negative Positive Negative Positive 

Test Chemical  Chem 22 Chem 16 Chem 5 Chem 17 
 

Chem 9 
Average IC50 ±SE Not Converged -5.32±1.56E-01 -7.47±2.64E-01 -5.63±6.00E-02 -10.96±6.99E-01 

Final Concentration 
Range (M) 1×10-11- 1×10-4 1×10-10 -1×10-3  1×10-10 -1×10-3  1×10-11 - 1×10-4  1×10-13 -1×10-5 

Average RBA ±SE NA 2.24E-04±1.04E-04 4.81E-02±1.89E-02 5.05E-04±1.67E-04 1.44E+02±7.20E+01

Average Hill Slope 
±SE NA -1.29±7.79E-02 -0.74±8.55E-02 -0.91±2.34E-01 -1.21±2.51E-01 

Classification Negative Negative Positive Positive Positive 
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Table 6. Data on IC50, Final Concentration Range (M), Average Relative Binding Affinity, 

Average Hill Slope, and Classification of Test Chemicals (Cont.) 

 

Test Chemical  Chem 4 Chem 14 Chem 20 Chem 3 
 

Chem 23 
Average IC50 ±SE -10.22±2.15E-01 Not converged Not converged -9.73±2.31E-01 -5.24±2.10E-01 

Final Concentration 
Range (M) 1×10-15 -1×10-8  1×10-11 - 1×10-4  1×10-10 - 1×10-3  1×10-14 - 1×10-7 1×10-10 - 1×10-3 

Average RBA ±SE 
2.09E+01±5.04E+0

0 NA NA 2.84E+009.22E-01 1.38E-04±2.59E-05

Average Hill Slope 
±SE -0.65±2.03E-02 NA NA -0.80±4.37E-02 -0.85±2.52E-01 

Classification Positive Negative Negative Positive Positive 

 

 
Test Chemical  Chem 1 Chem 8 Chem 2 Chem 10 

Average IC50 ±SE -8.23±2.55E-01 -5.49±1.99E-01 -9.20±1.25E-01 -6.01±1.11E+00 
Final Concentration 

Range (M) 1×10-13-1×10-6  1×10-10-1×10-3  1×10-12-1×10-5 1×10-12-1×10-4 

Average RBA ±SE 1.44E+00±1.08E+00 1.01E-03±2.28E-04 2.68E+00±2.19E+00 2.04E-02±2.01E-02

Average Hill Slope 
±SE -0.71±1.56E-01 -1.66±7.45E-01 -0.73±2.71E-02 -0.84±3.24E-01 

Classification Positive Negative Positive Positive 

 

Test Chemical  
 

Chem 18 Chem 13 Chem 7 Chem 6 
Average IC50 ±SE -5.24±4.05E-01 -7.43±1.30E-01 -5.04±5.22E-02 -6.19±8.82E-03 

Final Concentration 
Range (M) 1×10-11-1×10-4 1×10-11 -1×10-4 1×10-10 -1×10-3 1×10-11 - 1×10-4 

Average RBA ±SE 7.80E-05±6.39E-05 8.54E-02±6.82E-02 1.05E-04±1.04E-05 1.47E-03±8.18E-05

Average Hill Slope 
±SE -0.42±8.07E-02 -1.36±1.39E-01 -1.12±1.34E-01 -1.02±3.33E-02 

Classification Negative Positive Positive Positive 
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Table 7. Summary of Competition Binding Data 

Experiment  Log (IC50) 
Relative Binding 

Affinity Hill Slope Classification 
CHEM 12       POSITIVE 

030508 -7.47 3.99E-02 -1.11   
030608 -7.69 3.37E-02 -0.89   
032408 -7.72 4.83E-02 -1.06   

     
AVG±SE -7.63±7.80E-02 4.06E-02±4.23E-03 -1.02±6.74E-02   
CHEM 19       NEGATIVE 

030608 -3.95 6.05E-06 -4.12   
031008 -3.75 4.62E-06 -0.98   
031108 -3.94 1.03E-05 -0.75   

         
AVG±SE -3.88±6.51E-02 6.98E-06±1.69E-06 -1.95±1.09E+00   
CHEM 11       POSITIVE 

030508 -5.63 5.72E-04 -1.07   
030608 -5.84 4.74E-04 -0.93   
031008 -5.85 5.81E-04 -0.74   

         
AVG±SE -5.77±7.17E-02 5.42E-04±3.41E-05 -0.91±9.53E-02   
CHEM 21       NEGATIVE 

031108 Not converged       
031208 Not converged       
031708 Not converged       

         
AVG±SE         
CHEM 15       POSITIVE 

031108 -5.49 3.66E-04 -0.78   
031208 -5.49 2.72E-04 -0.77   
031708 -5.56 3.357E-04 -0.88   

         
AVG±SE  -5.51±2.17E-02 3.25E-04±2.75E-05 -0.81±3.50E-02   
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Table 7. Summary of Competition Binding Data (Cont.) 

Experiment  Log (IC50) 
Relative Binding 

Affinity Hill Slope Classification 
CHEM 22    NEGATIVE 

032608 Not Converged    
032708 Not Converged    
033108 

 
Not Converged 

    
AVG±SE     
CHEM 16    NEGATIVE 

031808 -5.56 2.86E-04 -1.39  
032608 -5.37 3.66E-04 -1.35  
061108 

 
-5.03 

 
2.08E-05 

 
-1.14 

  
AVG±SE -5.32±1.56E-01 2.24E-04±1.04E-04 -1.29±7.79E-02  
CHEM 5    POSITIVE 
032608 -7.61 4.96E-02 -0.58  
032708 -7.84 8.02E-02 -0.87  
033108 

 
-6.96 

 
1.46E-02 

 
-0.79 

  
AVG±SE -7.47±2.64E-01 4.81E-02±1.89E-02 -0.74±8.55E-02  
CHEM 17    POSITIVE 

040308 -5.53 8.38E-04 -0.49  
040808 -5.62 3.21E-04 -0.93  
041008 

 
-5.74 

 
3.56E-04 

 
-1.30 

  
AVG±SE -5.63±6.00E-02 5.05E-04±1.67E-04 -0.91±2.34E-01  
CHEM 9    POSITIVE 
062508 
070108 

-11.50 
-9.57 

1.98E+02 
1.56E+00 

-1.23 
-1.63  

070208 -11.80 2.33E+02 -0.76  
     

AVG±SE -10.96±6.99E-01 1.44E+02±7.20E+01 -1.21±2.51E-01  
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Table 7. Summary of Competition Binding Data (Cont.) 

Experiment  Log (IC50) 
Relative Binding 

Affinity Hill Slope Classification 
CHEM 4       POSITIVE 
040708 -10.23 2.20E+01 -0.66   
040808 -10.58 2.90E+01 -0.61   
040908 -9.84 1.17E+01 -0.68   

          
AVG±SE  -10.22±2.15E-01 2.09E+01±5.04E+00 -0.65±2.03E-02   
CHEM 14       NEGATIVE 

041009 Not Converged       
041608 Not Converged       
041708 Not Converged       

          
AVG±SE          
CHEM 20       NEGATIVE 

041009 Not Converged       
041608 Not Converged       
041708 Not Converged       

          
AVG±SE         
CHEM 3       POSITIVE  
062308 -9.83 2.91E+00 -0.83   
062408 -10.07 4.40E+00 -0.85   
062508 -9.29 1.21E+00 -0.71   

        
AVG±SE  -9.73±2.31E-01  2.84E+00±9.22E-01 -0.80±4.37E-02   
CHEM 23        POSITIVE 

041508 -5.09 1.64E-04 -0.82   
 052708  -4.97  1.64E-04  -0.87   
 061108  -5.65  8.63E-05  -1.60   

          
AVG±SE  -5.24±2.10E-01 1.38E-04±2.59E-05 -0.85±2.52E-01   
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Table 7. Summary of Competition Binding Data (Cont.) 

Experiment  Log (IC50) 
Relative Binding 

Affinity Hill Slope Classification 
CHEM 1       POSITIVE 
050708 -7.96 1.45E-01 -0.44   
051808 -7.99 5.96E-01 -0.98   
052208 -8.74 3.58E+00 -0.72   

         
AVG±SE  -8.23±2.55E-01 1.44E+00±1.08E+00 -0.71±1.56E-01   
CHEM 8      NEGATIVE 
051909 -5.74 1.47E-03  -2.95   
052208 -5.10 8.13E-04  -0.37   
052708 -5.63 7.53E-04  -1.65   

         
AVG±SE   -5.49±1.99E-01 1.01E-03±2.28E-04  -1.66±7.45E-01   
CHEM 2      POSITIVE 
051909 -9.43 7.05E+00  -0.69   
062308 -9.16 6.12E-01  -0.73   
062408 -9.00 3.71E-01  -0.78   

         
AVG±SE  -9.20±1.25E-01 2.68E+00±2.19E+00  -0.73±2.71E-02   
CHEM 10      POSITIVE 

052108 -4.68 5.75E-04 -1.35    
062308 -5.13 5.73E-05 -0.92   
062408 -8.21 6.07E-02 -0.24    

         
AVG±SE  -6.01±1.11E+00 2.04E-02±2.01E-02 -0.84±3.24E-01   
CHEM 18       NEGATIVE 

060408 Not Converged     
060508 -5.64 1.42E-04 -0.33   
 060608 -4.83 1.42E-05 -0.50   

         
AVG±SE  -5.24±4.05E-01 7.81E-05±6.39E-05 -0.42±8.07E-02   
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Table 7. Summary of Competition Binding Data (Cont.) 

Experiment  Log (IC50) 
Relative Binding 

Affinity Hill Slope Classification 
CHEM 13       POSITIVE 

052108 -7.27 2.22E-01 -1.31   
053008 -7.69 1.54E-02 -1.14   
060608 -7.33 1.90E-02 -1.62   

          
AVG±SE  -7.43±1.30E-01 8.54E-02±6.82E-02 -1.36±1.39E-01   
CHEM 7       POSITIVE 
060308 -5.11 1.23E-04 -0.87   
060508 -4.94 8.67E-05 -1.16   
060608 -5.08 1.05E-04 -1.33   

          
AVG±SE  -5.04±5.22E-02 1.05E-04±1.04E-05 -1.12±1.34E-01   
CHEM 6       POSITIVE 
060308 -6.19 1.48E-03 -1.06   
060508 -6.21 1.61E-03 -1.05   
060608 -6.18 1.32E-03 -0.96   

          
AVG±SE -6.19±8.82E-03 1.47E-03±8.18E-05 -1.02±3.33E-02   
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 Figure 2.  Summary of 17β-estradiol Standard Curves and Chemical 12 curves 
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 Figure 3.  Summary of 17β-estradiol Standard Curves and Chemical 19 curves 
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 Figure 5.  Summary of 17β-estradiol Standard Curves and Chemical 21 curves 
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 Figure 6.  Summary of 17β-estradiol Standard Curves and Chemical 15 curves 
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 Figure 7.  Summary of 17β-estradiol Standard Curves and Chemical 22 curves 
 
 



PPR-07024-T7-08-21-FR 
10 July 2008 

 
 
 

27 

Code 16
Hamner

Estradiol reference standard
Hamner

11 10 8 6 5 4 3
10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140 Estradiol standard, 031808
Estradiol standard, 032608
Estradiol standard, 061108

log concentration of test chemical

pe
rc

en
t o

f r
ad

io
lig

an
d 

bo
un

d

11 10 8 6 5 4 3

160
Code 16 1, 031808

150 Code 16 2, 032608

10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140 Code 16 5, 061108

log concentration of test chemical

pe
rc

en
t o

f r
ad

io
lig

an
d 

bo
un

d

 
 Figure 8.  Summary of 17β-estradiol Standard Curves and Chemical 16 curves 
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 Figure 9.  Summary of 17β-estradiol Standard Curves and Chemical 5 curves 
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 Figure 10.  Summary of 17β-estradiol Standard Curves and Chemical 17 curves 

 
 



PPR-07024-T7-08-21-FR 
10 July 2008 

 
 
 

28 

Estradiol reference standard
Hamner

11 0 8 6 5 4 3
10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140
Estradiol standard 062508

Code 9
Hamner

Estradiol standard, 070108
Estradiol standard, 070208

log concentration of test chemical

pe
rc

en
t o

f r
ad

io
lig

an
d 

bo
un

d

13 12 11 10 8 6

80

70
Code 9 6, 062508
Code 9 7, 07010860
Code 9 8, 070208

50

40

30

20

10

0

10

log concentration of test chemical

pe
rc

en
t o

f r
ad

io
ig

an
d 

bo
un

d

 
 Figure 11.  Summary of 17β-estradiol Standard Curves and Chemical 9 curves 

 
 

Estradiol reference standard
Hamner

11 0 8 6 5 4 3
10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160
Estradiol standard, 040708

Code 4
Hamner

Estradiol standard, 040808
Estradiol standard, 040908

log concentration of test chemical

pe
rc

en
t o

f r
ad

io
lig

an
d 

bo
un

d

15 14 13 12 11 10 8

Code 4 2, 040708

10

0

10

20

30

40

50

60

70

80

90

100

110

120

130

140

150

160
Code 4 3, 040808
Code 4 4, 040908

log concentration of test chemical

pe
rc

en
t o

f r
ad

io
lig

an
d 

bo
un

d

 
 

 Figure 12.  Summary of 17β-estradiol Standard Curves and Chemical 4 curves 
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 Figure 13.  Summary of 17β-estradiol Standard Curves and Chemical 14 curves 
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 Figure 14.  Summary of 17β-estradiol Standard Curves and Chemical 20 curves 
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 Figure 15.  Summary of 17β-estradiol Standard Curves and Chemical 23 curves 
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 Figure 16.  Summary of 17β-estradiol Standard Curves and Chemical 1 curves 
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 Figure 17.  Summary of 17β-estradiol Standard Curves and Chemical 8 curves 
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 Figure 18.  Summary of 17β-estradiol Standard Curves and Chemical 18 curves 
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 Figure 19.  Summary of 17β-estradiol Standard Curves and Chemical 13 curves 
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 Figure 20.  Summary of 17β-estradiol Standard Curves and Chemical 7 curves 
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 Figure 21.  Summary of 17β-estradiol Standard Curves and Chemical 6 curves 
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Figure 22.  Summary of 17β-estradiol Standard Curves and Chemical 2 curves 
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Figure 23.  Summary of 17β-estradiol Standard Curves and Chemical 10 Curves 
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Figure 24.  Summary of 17β-estradiol Standard Curves and Chemical 3 curves 
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Table 8. Summary of Competition Binding Data for Optional Chemicals 
 

   Log (IC50) Relative Binding Affinity Hill Slope Classification  

 CHEM 27      NEGATIVE  
 061808 Not Converged ND ND    

 CHEM 28      NEGATIVE  
 061808 Not Converged ND ND    

 CHEM 29       POSITIVE  
 061808 -5.47 2.43E-04 -1.17    

 CHEM 32       POSITIVE  
 061908 -7.22 1.46E-02 -0.88    

 CHEM 34       POSITIVE  
 061908 -6.84 6.03E-03 -0.82    

 CHEM 31      NEGATIVE  
 061908 Not Converged ND ND    

 CHEM 33       POSITIVE  
 062308 -6.86 7.80E-03 -1.09    

 CHEM 30       NEGATIVE  
 062308 Not Converged ND ND    

 CHEM 36       NEGATIVE  
 062308 -5.18 1.61E-04 -0.46    

 CHEM 37       POSITIVE  
 062408 -6.78 6.27E-03 -1.01    

 CHEM 38      NEGATIVE  
 062408 Not Converged ND ND    

 CHEM 39       POSITIVE  
 062408 -5.43 2.84E-04 -1.03    

 CHEM 40       POSITIVE  
 062408 -6.92 8.77E-03 -0.96    

 CHEM 42       POSITIVE  
 062608  -7.14 2.14E-02 -0.70    

 CHEM 35       NEGATIVE  
  062608 Not Converged ND ND    

 CHEM 43       POSITIVE  
  062608 -7.03 1.65E-02 -0.89    

 CHEM 44       POSITIVE  
  062608 -5.30 3.09E-04 -1.02    

 CHEM 45       NEGATIVE  
  062608 -4.29 3.13E-06 -0.45    

 CHEM 46       NEGATIVE  
  062608 Not Converged ND ND    

 CHEM 41       POSITIVE  
  062608 -6.68 7.76E-04 -1.13    

 ND-Not Determined     
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SECTION IV:  DISCUSSION 

 

All three reference controls (17β-estradiol, norethynodrel, and R1881) showed reproducible 

standard curves for the competitive binding assays with the 23 test agents. In addition, the 

IC50 values (average IC50 values for estradiol: -8.99±4.43E-02 and norethynodrel: 

-6.06±5.16E-02) were reproducible for each experiment and within the expected values for 

these compounds. Norethynodrel showed a low, but positive, relative binding affinity (1.30 E-

03±9.59E-05) when compared to 17β-estradiol. The average within run SD for 17β-estradiol 

(4.82±4.54E-01) was within expected criteria (< 5%). The average within run SD for 

norethynodrel (5.03±5.59E-01) was within expected criteria (< 5.7%). The average within run 

SD for R1881 (6.20±6.85E-01) was within the expected criteria (< 10%). The representative 

average values for Bottom Plateau level (-0.93±3.78E-01), Top Plateau level 

(107.80±1.83E+00), and Hill slope (-0.99±4.44E-02) for 17β-estradiol was within criteria. 

The representative average values for Bottom Plateau level (4.55±1.76E+00), Top Plateau 

level (106.08±1.70E+00), and Hill slope (-1.04±4.37E-02) for norethynodrel were within 

expected criteria. Among the twenty-three (23) test agents that were assayed for their relative 

binding affinity when compared to 17β-estradiol, fifteen were found to be positive and eight 

were negative based on the criteria in section 9.7.4 of the EPA Protocol (page 44). 

 

For the 20 optional chemicals 9 were negative and 11 were positive, based on the same 

criteria in section 9.7.4 of the EPA Protocol. The mean IC50 values for 17β-estradiol and 

norethynodrel from 6 competitive binding assays for optional chemicals was calculated to be -

9.12±1.40E-01 and -5.99±5.76E-02, respectively. Norethynodrel showed a low, but positive 

relative binding affinity of 8.91E-04±1.53E-04 when compared to 17β-estradiol. The average 

within run SD for 17β-estradiol (2.98±3.05E-01) was within expected criteria (< 5%). The 

average within run SD for norethynodrel (3.79±4.35E-01) was within expected criteria (< 

5.7%). The value for Bottom Plateau level (-0.90±5.08E-01), Top Plateau level 

(110.50±1.14E+01), and Hill slope (-0.89±2.78E-02) for 17β-estradiol was within criteria. 

The representative average values for Bottom Plateau level (11.2±3.68E+00), Top Plateau 

level (108.24±1.10E+01), and Hill slope (-0.91±9.34E-02) for norethynodrel were within 

expected criteria. 
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It is worth mentioning that many of the chemicals had to be rerun (shaded in red) for more 

than three/five runs as noted in the table below.  

 

Chemical 
Code 

Number 
of runs 

performed  
Chemical 

Code 

Number 
of runs 

performed
Chemical 

Code 

Number 
of runs 

performed 
1 5  9 8 17 5 
2 10  10 9 18 3 
3 15  11 3 19 4 
4 8  12 5 20 5 
5 3  13 4 21 3 
6 4  14 6 22 3 
7 4  15 3 23 8 
8 5  16 5     

 

Some of the issues are addressed below: 

1. For example, a significant number of runs (15 runs) were performed for Chemical 

Code # 3. The first run using the protocol criteria for making a standard curve yielded 

data which showed that the chemical had to be diluted extensively in order to attain a 

reasonable curve. The chemical was diluted to ten thousand-fold (top dose was 5×10-

6M) in order to achieve acceptable results. However, some of the variability in the data 

was also due to the difference in the ratio of ethanol/NSB in the later runs as there was 

a significant decrease in the percent specific activity in the ethanol samples when 

compared to the earlier runs. This observation is also relevant for a number of other 

chemical runs that were performed during the same period. However, when a different 

batch of [3H]-17β-estradiol provided by RTI was used, the variability in the ratio of 

ethanol/NSB was resolved.  

2. It has been observed consistently that the “Bottom Plateau” values for norethynodrel 

did not meet acceptable criteria objectives. It may be necessary to reexamine the doses 

selected for norethynodrel and/or change the criteria for acceptance. 
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3. Due to time constraints, many of the chemical runs were done back to back before one 

can analyze and examine the data which has resulted in performing many 

unanticipated runs. 
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Protocol for the In Vitro Estrogen Receptor Saturation Binding and Competitive 
Binding Assays Using Rat Uterine Cytosol 
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1. BACKGROUND 
The Food Quality Protection Act of 1996 requires the Environmental Protection Agency 
(EPA) to develop and implement a screening program using validated test systems for 
determining the potential in humans for estrogenic effects from pesticides. One of the 
test systems being considered for inclusion in the screening program is an estrogen 
receptor (ER) binding assay. The ER binding assay protocol uses rat uterine cytosol 
(RUC) as source of receptor. For further details, see attached protocol dated April 2007 
entitled “Protocol for the In Vitro Estrogen Receptor Saturation Binding and 
Competitive Binding Assays Using Rat Uterine Cytosol,” hereafter referred to as “the 
EPA protocol.”  

 
2. OBJECTIVE 

The two components of this project are: (a) generate data for the reference chemical 
(17β-estradiol) and weak positive control (norethynodrel) within criteria for acceptable 
performance by using the EPA protocol and (b) generate data for up to 23 test chemicals 
using the same EPA protocol. 

 
3. IDENTIFICATION, HANDLING AND STORAGE OF TEST AGENTS 

Test chemicals as well as any pertinent information regarding test chemical composition 
and storage requirements will be provided by the Sponsor. The test chemicals are 
anticipated to be soluble in ethanol or DMSO. The primary routes of exposure include 
skin absorption, ingestion and inhalation. Personal protective equipment including 
safety glasses, gloves, and protective clothing will be employed. 
Reagents and solutions will be labeled with identity, concentration, expiration date, 
storage condition, and initials of preparer. 
 

4. EXPERIMENTAL DESIGN/METHODS 
For details of design/methods, critical materials needed, how assays with test chemicals 
are run, record keeping, and what should be included in the test reports refer to 
section(s) 4.0–9.9 of the EPA protocol. 
 
4.1 Preparation of RUC. 

Rat uteri will be obtained from a reputable supplier. Uteri will be homogenized and 
ER isolated from the supernatant. Protein concentration of the purified ER will be 
determined. No IACUC statement will be required; and no animal care or animal 
health issues will need to be included. 
 

4.2 Demonstration of acceptable performance of RUC preparation and laboratory 
technique.  
Prior to routinely conducting the ER competitive binding assays, the RUC must be 
shown to be performing correctly in the laboratory in which it will be used. This can 
be accomplished in two steps as follows:  
1) Conduct a saturation radioligand binding assay to demonstrate ER specificity and 
saturation. Nonlinear regression analysis of these data and the subsequent Scatchard 
plot should document ER binding affinity of the radioligand (Kd) and the number of 
receptors (Bmax) for a particular batch of uterine cytosol.  
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2) Conduct a competitive binding assay using 17ß-estradiol and norethynodrel, 
which have known affinities for the ER. Comparison of IC50 values (i.e., the 
concentration of a substance that inhibits [3H]-17ß-estradiol binding by 50%) from 
these assays with expected values will assist in documenting that the laboratory is 
performing the assay correctly.  

 
5. DATA COLLECTION 

Each assay (saturation and competitive binding) consists of at least three non-consecutive 
runs and each run contains three replicates. The data generated will be exported to an 
Excel spreadsheet and formatted for reporting purposes. 

 
6. DATA ANALYSIS AND INTREPRETATION 

Considerations for evaluating saturation binding assays are given in Section 8.6 of the 
EPA protocol but there are no specific performance criteria. Criteria for acceptable 
performance of known standards in the competitive binding assay are discussed in Section 
9.7.3. Before running unknown test chemicals, a lab must meet the performance criteria 
for each of the standards (17ß-estradiol and norethynodrel) in order to indicate that a 
technician is capable of performing the assay correctly and consistently.  
At least one successful Saturation Binding Assay must be performed each time a new 
batch of RUC is used in Competitive Binding Assays.  
GraphPad Prism, version 4.03 and Microsoft Office XP Excel 2002 will be used for data 
analysis.  

6.1 Criteria for acceptability of saturation binding assay. 
ER saturation binding experiments measure total, non-specific, and specific 
binding of increasing concentrations of [3H]-17β-estradiol under conditions of 
equilibrium. A graph of specific [3H]-17β-estradiol binding versus radioligand 
concentration should reach a plateau for maximum specific binding indicative of 
saturation of the ER with the radioligand. In addition, analysis of the data should 
document the binding of the [3H]-17β-estradiol to a single, high-affinity binding 
site (i.e., Kd = 0.05 to 0.5 nM and a linear Scatchard plot). 

 
6.2 Criteria for acceptability of competitive binding assay. 

The ER competitive binding assay measures the binding of a single 
concentration of [3H]-17β-estradiol in the presence of increasing concentrations 
of a test substance. The competitive binding curve is plotted as specific [3H]-
17β-estradiol binding versus the concentration (log10 units) of the competitor. 
The concentration of the test substance that inhibits 50% of the maximum 
specific [3H]-17β-estradiol binding is estimated and recorded as the IC50 value.  
 

7. RECORDS  
Experimental notes and data will be entered into The Hamner’s laboratory notebook(s) 
and 3 ring binder(s) along with descriptions of procedures used, according to SOP QUA-
007 and stored in Lab 210 and/or office 137D/E. After completion of the study, notebooks 
and other records will be archived at The Hamner. 
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8. QUALITY ASSURANCE  
Both quality assurance (QA) and quality control (QC) procedures are integral parts of our 
research program. Research described in this protocol will be conducted under The 
Hamner’s Research Quality Standards. These standards include: (1) scientifically 
reviewed protocols that are administratively approved for meeting requirements in data 
quality and safety regulations; (2) standardized laboratory notebooks and data recording 
procedures; (3) documented methods and/or SOPs for all experimental procedures 
including calibration of instruments; (4) all generated data reviewed by a member of the 
scientific staff for accuracy; and (5) a Quality Assessment audit of the in life phase and/or 
the draft report conducted by The Hamner’s independent Quality Assurance group (SOP 
QUA-021). The Hamner’s QA and QC processes assessing overall study performance and 
records ensure that conduct of the proposed research satisfies the intended protocol’s 
objectives.  
 
All assays will be conducted in the “spirit” of the Good Laboratory Practice (GLP) 
Standards as defined in the Federal Register (40 CFR, Part 160). All procedures will be 
performed in accordance with the EPA Protocol and with the Standard Operating 
Procedures (SOPs) of the Preclinical Prevention Research Program of The Hamner 
Institutes for Health Sciences. 

 
9. HEALTH AND SAFETY 

This study will be conducted in accordance with procedures set forth by The Hamner’s 
Health, Safety, and Environment Office. All chemical and radioactive wastes will be 
handled and stored according to SOP HSE-034 and RAD-004. Study personnel will 
review the material safety data sheets (MSDS) for hazardous chemicals used in this study 
according to SOP HSE-003, controlled substances will be handled according to SOP HSE-
024, and radioactive substances will be handled according to SOP RAD-005. A copy of 
the MSDS will be included in the study manual.  

All chemical and their MSDSs along with other pertinent information will be sent to The 
Hamner from the Sponsor and received by the Health & Safety Department. Susan Ross 
will have custodial responsibility of all chemicals in use at The Hamner.  

Upon completion of the study, all remaining chemicals (radioactive or non-radioactive) 
including all waste generated by this study will be returned to the Sponsor. 

 

10. PERSONNEL ASSIGNMENTS 
 
 Principal Investigator  S. Sharma 

Senior Research Associate  S. Ross 

Research Investigators  B. Wetmore/P. Gao 
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11. REPORTS 
A weekly status report and a monthly progress report will be submitted to the Sponsor, 
indicating the stage of completion of the requested assays. The final report will be 
submitted approximately 15 days before completion of the contract. 

 
12. TIMELINE 

Project will begin in June 2007 and be completed by November 2007. This timeline may 
be modified by consensus of the Sponsor and The Hamner. 

 
13. REFERENCES 

Cheng, Y and Prusoff, W.H. (1973) Relationship between the inhibition constant (Ki) and 
the concentration of inhibitor which causes 50 percent inhibition (IC50) of an enzymatic 
reaction. Biochem. Pharmacol. 22(23):3099–108.  
 
Hulme, E.C. and Birdsall, N.J.M. (1992) Strategy and tactics in receptor-binding studies. 
In: Receptor ligand interactions: a practical approach. Ed., E.C. Hulme. IRL Press, New 
York. pp. 63–76.  
 
Kuiper, G., Carlsson, B., Grandien, K., Enmark, E., Haggblad, J., Nilsson, S., Gustafsson, 
J. (1997) Comparison of the ligand binding specificity and transcript tissue distribution of 
estrogen receptors α and β. Endocrinology 138(3):863–870.  
 
Kuiper, G., Lemmen, J., Carlsson, B., Corton, J.C., Safe, S., Van Der Saag, P. Van Der 
Burg, B., Gustafsson, J. (1998) Interaction of estrogenic chemicals and phytoestrogens 
with estrogen receptor β. Endocrinology 139(10):4252–4263. 

 
14. ATTACHMENTS 

a. Protocol dated April 2007 entitled “Protocol for the In Vitro Estrogen Receptor 
Saturation Binding and Competitive Binding Assays Using Rat Uterine Cytosol.” 

b. Radioactive Materials Use Authorization form will be kept on file at The Hamner. 
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APPENDIX C:  Raw Data, Prism and Within Run SD Files for Competitive 

Binding Assays with Test Chemicals 
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APPENDIX D:  Representative Runs for 23 Chemicals (Estradiol, 
Norethynodrel, and R1881) and Optional Chemicals (Estradiol and 

Norethynodrel) 
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D-1 

Representative Runs of Competition Binding Data for Estradiol-23 
Chemicals 

 

Estradiol 

EtOH/Hot 
Tube 
Ratio 

(>10%) 
NSB/EtOH 

(around 0.25) 
R1881/EtOH 
(close to 1.0) 

Within 
Run SD 
(< 5.0%) 

Log 
(IC50) 

Bottom 
Plateau 
Level 

(-5.0 to 1) 

Top 
Plateau 
Level  

(90 to 110) 
Hill Slope 

(-1.1 to -0.7) 
030508 2.12 0.26 0.91 7.99 -8.87 -3.1 114 -0.75 
030608 1.48 0.32 0.9 8.42 -9.17 2.3 99 -1.24 
031008 2.05 0.2 0.89 3.67 -9.09 0.0 109 -1.03 
031108 1.83 0.11 0.84 7.13 -8.93 0.6 114 -0.98 
031208 2.05 0.11 0.84 5.96 -9.05 -3.8 106 -0.74 
031708 1.89 0.1 0.82 6.65 -9.03 -0.7 106 -1.00 
031808 1.82 0.11 0.85 3.25 -9.11 -0.1 105 -0.99 
032408 1.82 0.13 0.95 5.02 -9.03 -2.1 110 -0.85 
032608 0.77 0.17 1.12 3.17 -8.81 -1.2 120 -1.00 
040308 1.04 0.17   6.6 -8.61 -1.6 121 -1.03 
040808 1.39 0.13   3.26 -9.12 2.4 94 -1.63 
041008 1.6 0.12   4.49 -9.19 -1.7 101 -0.90 
041508 0.89 0.19   4.12 -8.87 -0.5 98 -1.01 
041608 0.55 0.32   7.61 -8.68 -3.3 114 -0.84 
041708 0.81 0.31   4.28 -8.76 -1.3 108 -1.14 
053008 1.27 0.17   3.34 -9.50 1.3 93 -1.05 
060208 1.98 0.08   3.88 -8.92 -2.5 102 -0.83 
060308 2.89 0.04   1.32 -9.02 -0.7 116 -0.96 
060508 3.26 0.06   4.28 -9.00 -1.7 114 -0.77 
060608 3.15 0.05   1.86 -9.06 -0.8 114 -0.96 

                 
AVG  1.73 0.16 0.90 4.82 -8.99 -0.93 107.80 -0.99 
SE 1.70E-01 1.95E-02 3.05E-02 4.54E-01 4.43E-02 3.78E-01 1.83E+00 4.44E-02 
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D-2 

 
Representative Runs of Competition Binding Data for 

Norethynodrel-23 Chemicals 
 

Norethynodrel  

Within 
Run SD  
(< 5.7%) 

Log 
(IC50) 

Relative 
Binding Affinity 

Bottom Plateau 
Level  

(-5.0 to 1) 

Top Plateau 
Level  

(90 to 110) 
Hill Slope 

(-1.1 to -0.7) 
030508 11.19 -6.07 1.58E-03 -1.7 104 -1.30 
030608 9 -6.13 9.25E-04 -0.9 117 -0.79 
031008 2.96 -6.10 1.04E-03 4.6 107 -1.20 
031108 5.07 -6.22 1.93E-03 5.0 103 -1.12 
031208 2.88 -6.24 1.55E-03 6.1 103 -1.02 
031708 3.78 -6.14 1.28E-03 3.0 103 -0.85 
031808 4.33 -6.23 1.32E-03 1.6 103 -1.07 
032408 4.8 -6.19 1.44E-03 3.0 107 -0.94 
032608 3.86 -5.79 9.51E-04 -2.4 117 -0.72 
040308 3.75 -5.92 2.03E-03 2.6 124 -1.03 
040808 3.06 -6.287 1.48E-03 -1.2 108 -0.97 
041008 5.3 -6.239 1.12E-03 7.7 101 -1.26 
041508 7.35 -6.043 1.49E-03 16.1 101 -1.11 
041608 4.96 -5.834 1.42E-03 27.7 104 -1.34 
041708 9.26 -5.766 1.01E-03 -2.9 96 -0.75 
053008 2.39 -5.392 7.76E-05 -6.2 108 -0.97 
060308 4.58 -6.173 1.42E-03 6.7 102 -1.03 
060508 3.4 -6.154 1.42E-03 7.4 95 -1.35 
060608 3.6 -6.178 1.33E-03 10.2 116 -0.99 

             
AVG  5.03 -6.06 1.30E-03 4.55 106.08 -1.04 
SE 5.59E-01 5.16E-02 9.59E-05 1.76E+00 1.70E+00 4.37E-02 

 
 

Representative Runs of Competition Binding 
Data for R1881-23 Chemicals 

 
R1881 

Within Run SD  
(< 10%) 

Hill Slope 
(-1.1 to -0.7) Log (IC50) 

030508 6.63 -1.30 -4.75 
030608 11.38 -0.79 -4.84 
031008 5.3 -1.20 -3.75 
031108 6.17 -1.12 -3.94 
031208 4.39 -1.02 -5.31 
031708 7.11 -0.67 -5.25 
031808 5.42 -0.71 -5.17 
032408 3.79 -0.53 -4.89 
032608 4.54 -1.15 -4.84 
040208 7.27 -0.67 -4.99 

       
AVG  6.20 -0.92 -4.77 
SE 6.85E-01 8.53E-02 1.66E-01 
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D-3 

 
Runs of Competition Binding Data for Estradiol-Optional 

Chemicals 
 

Estradiol 

EtOH/Hot 
Tube Ratio 

(>10%) 
NSB/EtOH 

(around 0.25) 

Within 
Run SD  
(< 5.0%) 

Log 
(IC50) 

Bottom 
Plateau 
Level  

(-5.0 to 1) 

Top 
Plateau 
Level  

(90 to 110) 
Hill Slope 

(-1.1 to -0.7) 
061808 2.99 0.07 3.1 -9.08 -0.5 105 -0.98 
061908 2.97 0.07 3.56 -9.06 -2.0 104 -0.81 
062308 2.93 0.08 3.29 -8.97 -0.4 109 -0.96 
062408 2.72 0.06 3.55 -8.98 -2.7 96 -0.83 
062608 1.9 0.1 2.82 -8.81 -0.5 165 -0.90 

062608-JZ 2.95 0.17 1.57 -9.79 0.7 84 -0.88 
                

AVG  2.74 0.09 2.98 -9.12 -0.90 110.5 -0.89 
SE 1.73E-01 1.66E-02 3.05E-01 1.40E-01 5.08E-01 1.14E+01 2.78E-02 

 
 

Runs of Competition Binding Data for Norethynodrel-Optional 
Chemicals 

 

Norethynodrel  
Within Run 
SD (< 5.7%) 

Log 
(IC50) 

Relative 
Binding 
Affinity 

Bottom 
Plateau Level 

(-5.0 to 1) 

Top 
Plateau 
Level  

(90 to 110) 
Hill Slope 

(-1.1 to -0.7) 
061808 2.82 -6.13 1.11E-03 15.2 98 -1.06 
061908 5.54 -6.10 1.09E-03 17.0 101 -1.06 
062308 3.24 -6.02 1.12E-03 19.3 106 -1.12 
062408 4.27 -5.99 1.03E-03 1.9 97 -0.72 
062608 4.09 -5.73 8.40E-04 -2.3 162 -0.55 

062608-JZ 2.77 -5.99 1.57E-04 15.9 87 -0.98 
              

AVG  3.79 -5.99 8.91E-04 11.20 108.24 -0.91 
SE 4.35E-01 5.76E-02 1.53E-04 3.68E+00 1.10E+01 9.34E-02 
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APPENDIX E:  Calculation of Specific Activity Using the “QuickCalcs” 
Webpage from GraphPad-Example from Run 061808 








