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Supplemental Methods 

Test Substance Preparation and Dosing: For two test substances (kaempferol and silybin), the 

solution and extract were prepared from the same lot of material. Two constituent solutions (citral 

and curcumin) were plated in duplicate to fill a total of 352 wells. For this study, the log10 of 

dilution factor (square root of 5) was used. 

Cell Culture Conditions: HepG2 and HEK-293 cells were purchased from American Type Culture 

Collection (ATCC, Manassas, VA). HepG2 cells were cultured in Eagle’s Minimum Essential 

Medium (EMEM, ATCC) and HEK-293 cells in Dulbecco’s Modified Eagle’s Medium (DMEM, 

Life Technologies Corporation, Carlsbad, CA), and both supplemented with 10% Hyclone’s Fetal 

Bovine Serum (FBS; ThermoFisher Scientific, Waltham, MA), and 100 U/ml penicillin-100 µg/ml 

streptomycin (Life Technologies Corporation).   

MDA-kb2-AR cell line was purchased from ATCC, and was developed from the parental cell line 

MDA-MB-453 of human breast cancer cells, expresses firefly luciferase under control of the 

MMTV promoter that contains response elements for both glucocorticoid receptors (GR) and 

androgen receptors (AR). MDA-kb2-AR cells were cultured in L-15 Medium (ATCC) 

supplemented with 10% FBS, and 100 U/mL penicillin-100 µg/mL streptomycin.  

ATAD5 cell line was provided by Dr. Kyungjae Myung (NHGRI, NIH) and contains a firefly 

luciferase reporter-gene tagged with ATAD5.1 ATAD5 cell line was used identify the compounds 

that cause DNA damage/genetic stress. ATAD5 cells were cultured in DMEM supplemented with 

10% FBS, and 100 U/ml penicillin-100 µg/ml streptomycin. 



MCF-7 aro-ERE cell line provided by Dr. Shiuan Chen (Beckman Research Institute, CA) is a 

human breast carcinoma cell line that was stably transfected with a promoter plasmid, pGL3-Luc, 

containing three repeats of estrogen responsive element (ERE). MCF-7 aro-ERE cells were used 

to screen aromatase inhibitors, estrogen receptor (ER) agonists and ER antagonists.2 MCF-7 aro 

ERE cells were cultured in MEM/EBSS Medium (Hyclone) supplemented with 10% FBS, 20 

µg/ml Hygromycin, 50 µg/ml G418 and 100 U/mL penicillin-100 µg/mL streptomycin. 

VM7Luc4E2 and HG2L7.5c1 cell lines were provided by Dr. Michael S. Denison (University of 

California, Davis). VM7Luc4E2 endogenously expresses full-length ERα and is stably transfected 

with a plasmid containing four estrogen responsive elements (ERE) upstream of a luciferase 

reporter gene. VM7Luc4E2 cells were used to screen ERα agonists and antagonists. Whereas 

HG2L7.5c1 cells were used to identify the compounds that induce AhR activation and contains 

HepG2 cells that are stably transfected with an Aryl hydrocarbon Receptor (AhR)-responsive 

firefly luciferase reporter. Both VM7Luc4E2 and HG2L7.5c1 cells were cultured in MEMα 

medium (Life Technologies) supplemented with 10% Premium FBS (Atlanta Biologicals, Flowery 

Branch, GA), 400 µg/ml G418, and 100 U/mL penicillin-100 µg/mL streptomycin. 

HSE-bla Hela, ARE-bla HepG2, PPAR gamma-UAS-bla 293H, and p53-bla HCT-116 cells were 

purchased from Life Technologies. These cell lines contains a β-lactamase reporter gene under 

control of a heat shock response element (HSE), antioxidant response element (ARE), peroxisome 

proliferator-activated receptor gamma (PPAR-gamma), and p53 response elements that have been 

stably integrated into HeLa, HepG2, 293 H,  HCT-116 cells respectively. All the recommended 

culture medium components were purchased from Life Technologies. All cells were cultured and 

maintained at 37°C under a humidified atmosphere and 5% CO2, except MDA-kb2-AR cells which 

were cultured and maintained at 37°C under a humidified atmosphere and 0% CO2. All detailed 



descriptions of the assays are publicly available through the NCATS website 

(https://tripod.nih.gov/tox21/assays/) and PubChem. 

ATAD5, AR-MDA, and AhR luciferase (luc) reporter gene assays: ATAD5-Luc, MDA-kb2-AR, 

and HG2L7.5c1 cells were dispensed at 2000, 3000, and 4000/5 µL/well respectively and 3000/4 

µL/well (MDA-kb2-AR antagonist mode) in 1536-well tissue culture treated white wall/solid 

bottom plates (Greiner Bio-One North America, Monroe, NC) using a Multidrop Combi dispenser 

(ThermoFisher Scientific, Waltham, MA). After the assay plates were incubated at 37°C for 5 h, 

23 nL of compounds dissolved in DMSO, positive and negative controls were transferred to the 

assay plates using a Pintool station (Wako, San Diego, CA). For MDA-kb2-AR antagonist mode, 

1 µL/well agonist (10 nM R1881) or assay medium was added to each well using a Flying Reagent 

Dispenser (FRD, Aurora Discovery, Carlsbad, CA). The assay plates were incubated for 16 h 

(ATAD5-Luc and MDA-kb2-AR) and 24 h (HG2L7.5c1) at 37°C. For cell viability assay, 1 

µL/well CellTiter-Fluor™ Cell Viabillity reagent (Promega Corporation, Madison, WI) was added 

to each well using an FRD. After 0.5 h incubation at 37°C, the fluorescence intensity was measured 

using a ViewLux plate reader (PerkinElmer, Shelton, CT). For luciferase reporter gene assay, 4 

µL/well Amplite™ Luciferase Assay reagent (ATAD5; AAT Bioquest®, Inc. Sunnyvale, CA) and 

ONE-Glo™ Luciferase Assay reagent (MDA-kb2-AR and HG2L7.5c1; Promega Corporation) 

was added to each well using an FRD. After 0.5 h incubation at room temperature, the 

luminescence intensity was measured using a ViewLux plate reader. Data were represented as 

relative fluorescence units (cell viability assay) and relative luminescence units (luciferase reporter 

assay).  

MCF-7 aro-ERE and ER-vMCF-7-Luc luciferase reporter gene assays: MCF-7 aro-ERE and 

VM7Luc4E2 cells were dispensed at 1500 and 4000 respectively in 5 µL/well (agonist mode) and 



4 µL/well (antagonist mode) in 1536-well tissue culture treated white wall/solid bottom plates 

(Greiner Bio-One) using a Multidrop Combi dispenser. After the assay plates were incubated at 

37°C for 5 h (MCF-7 aro-ERE) and 24 h (VM7Luc4E2), 23 nL of compounds dissolved in DMSO, 

positive and negative controls were transferred to the assay plates using a Pintool station. For 

antagonist modes, 1 µL/well agonist (0.2 and 0.5 nM β-Estradiol for MCF-7 aro-ERE and 

VM7Luc4E2 respectively and 0.5 nM Testosterone for MCF-7 aro-ERE testing aromatase activity) 

or assay medium was added to each well using an FRD. The assay plates were incubated for 22 h 

(VM7Luc4E2) and 24 h (MCF-7 aro-ERE) at 37°C. For cell viability assay, 1 µL/well CellTiter-

Fluor™ Cell Viabillity reagent (Promega Corporation, Madison, WI) was added to each well using 

an FRD. After 0.5 h incubation at 37°C, the fluorescence intensity was measured using a ViewLux 

plate reader. For luciferase reporter gene assay, 4 µL/well ONE-Glo™ Luciferase Assay reagent 

was added to each well using an FRD. After 0.5 h incubation at room temperature, the 

luminescence intensity was measured using a ViewLux plate reader. Data were represented as 

relative fluorescence units (cell viability assay) and relative luminescence units (luciferase reporter 

assay). 

Real Time Cell Viability Assay: To monitor cytotoxicity and cell viability in real time of continues 

cell culture, a multiplex assay by combining RealTime-Glo™ MT Cell Viability Assay (Promega 

Corporation) and CellTox™ Green Cytotoxicity Assay were used.3 The mixture of HepG2 cell or 

HEK293 cell suspension and reagents were dispensed at 600 cells/6 µl/well in 1536-well tissue 

culture treated black wall/solid bottom plates (Greiner Bio-One) using a Multidrop Combi 

dispenser. After the assay plates were incubated at 37°C for 5 h, 23 nL of compounds dissolved in 

DMSO, positive and negative controls were transferred to the assay plates using a Pintool station. 

The assay plates were incubated at 37°C for 40 h. The fluorescence and luminescence intensities 



were measured at 0, 8, 16, 24, 32, and 40 h time points using a ViewLux plate reader (PerkinElmer) 

during compound treatment. 

HSE, ARE, PPAR-gamma, and p53 β-lactamase (bla) reporter gene assays: HSE-bla Hela, 

ARE-bla HepG2, PPAR gamma-UAS-bla 293H, and p53-bla HCT-116 cells were dispensed at 

1500, 2000, 3000, and 4000 respectively in 6 µL/well and 5 µL/well (PPAR-gamma antagonist 

mode) in 1536-well tissue culture treated black wall/clear bottom plates (Greiner Bio-One) using 

a Multidrop Combi dispenser. After the assay plates were incubated at 37°C for 5-6 h (ARE-bla, 

HSE-bla, PPAR gamma-bla, and p53-bla) and 18 h (HSE-bla), 23 nL of compounds dissolved in 

DMSO, positive and negative controls were transferred to the assay plates using a Pintool station. 

For PPAR-gamma antagonist mode, 1 µL/well agonist (50 nM Rosiglitazone) or assay medium 

was added to each well using an FRD. The assay plates were incubated for 5 h (HSE-bla), 16 h 

(ARE-bla and p53-bla), and 17 h (PPAR gamma-bla) at 37°C. For β-lactamase assay, 1 µL/well 

LiveBLAzer™ FRET-B/G CCF4-AM substrate (Life Technologies) detection mix was added to 

each well using an FRD. After 2 h incubation at room temperature, the fluorescence intensity was 

measured using an Envision plate reader (PerkinElmer) at 405 nm excitation, 460 and 530 nm 

emissions. For cell viability assay, 3-4 µL/well CellTiter-Glo® Luminescent Cell Viabillity 

reagent (Promega) was added to each well using an FRD. After 0.5 h incubation at room 

temperature, the luminescence intensity was measured using a ViewLux plate reader 

(PerkinElmer). Data were represented as relative fluorescence units (β-lactamase assay; final data 

expressed as the ratio of 460/530 nm emission values) and relative luminescence units (cell 

viability assay). 

Mitochondrial Membrane Potential (MMP) assay: The MMP assay fluorescence readout 

measures changes in mitochondrial membrane potential. HepG2 cells were dispensed at 2000 



cells/5 µL/well in 1536-well tissue culture treated black wall/clear bottom plates (Greiner Bio-

One) using a Multidrop Combi dispenser.4 After the assay plates were incubated at 37°C for 18 h, 

23 nL of compounds dissolved in DMSO, positive and negative controls were transferred to the 

assay plate using a Pintool station. The assay plates were incubated for 1 h at 37°C.  Then 5 µL/well 

of Mito-MPS dye loading solution (Codex BioSolutions, Inc. Gaithersburg, MD) was added to 

each well using and FRD. After 0.5 h incubation at 37°C, the fluorescence intensity (490 nm 

excitation and 535 nm emission for green fluorescent monomers, and 540 nm excitation and 590 

nm emission for red fluorescent aggregates) was measured using an Envision plate reader. Data 

were represented as relative fluorescence units (final data expressed as the ratio of 590/535 nm 

emission values). 

Data Analyses: The new wAUC metric has more compact scale of values due to its normalization 

relative to the infinite dilution concentration, to enable comparisons at alternate exposure 

concentration ranges/units. Decreasing effects were flagged for cytotoxicity if the POD value of 

the effect was not more potent than the POD of cytotoxicity from an assay’s counter-screen. Also, 

the effects identified in the β-lactamase assays were flagged if the responses in the reporter gene 

channel readout were not matched with the responses after normalization to background. Analysis 

of compound concentration–response data was performed as previously described Huang 2016.5 

Briefly, raw plate reads for each titration point were first normalized relative to the positive control 

compound (-100% for antagonist mode and 100% for agonist mode) and DMSO-only wells (0%) 

as follows: % Activity = ((Vcompound – VDMSO)/(Vpos – VDMSO)) ×100, where Vcompound 

denotes the compound well values, Vpos denotes the median value of the positive control wells, 

and VDMSO denotes the median values of the DMSO-only wells, and then corrected by applying a 

NCATS in-house pattern correction algorithm.6 Concentration–response titration points for each 



compound were fitted to a four-parameter Hill equation yielding concentrations of half-maximal 

inhibitory activity (IC50) or half-maximal stimulatory activity (EC50) and maximal response 

(efficacy) values.7 Compounds were designated as Class 1–4 according to the type of 

concentration–response curve observed.5,8 

Noise level (threshold, THR) as the Curvep input: Curvep, a response noise filtering algorithm, 

was used to process the curves. Curvep relies on user-defined thresholds such as the baseline noise 

threshold (THR) and the maximum curve deviation (MXDV) to filter the response noise. Among 

thresholds, it is known that the THR has direct and significant impact on defining activity of testing 

chemicals.  

As the THR is a user-defined parameter, we think that the optimal THR should reflect the intrinsic 

response variation in the screening data of the substances and has the meaning of minimum 

response threshold. To achieve this, we iteratively applied Curvep using various THRs on the 

simulated curves derived from the screening data of the substances, and the optimal THR was 

identified as the lowest THR at which the variance in potency estimation was sufficiently reduced.9 

The specific details are explained as follows:  

Curve simulation: The response of a curve for each substance was calculated using the Equation 

1, where 𝜷𝟎#  and 𝜷𝟏#  were estimated from the linear regression with response as dependent variable 

and concentration as independent variance from the screening data and 𝜺 is the randomly generated 

noise  

𝑦 = 	𝛽*#	+	𝛽,#𝑥, 	+ 𝜀        

The noise was generated from bootstrapping responses from a normal distribution with mean = 0 

and SD = standard deviation of responses from vehicle control-only wells. In total, 100 curves 



were created for each substance in every readout. For each readout, to identify the optimal THR 

for either increased or decreased effect, THR from 5% to 95% with an increment of 5% was applied 

on the simulated curves. Then, the potency/concentration at x threshold was reported (x is 5% to 

95% with an increment of 5%) for each simulated curve. For inactive curve (i.e., all responses = 0 

after Curvep), the potency was fixed to the maximum tested concentration. The pooled variance 

of potency of all substances for each THR was calculated. The optimal THR was considered as 

the lowest THR at which the variance in potency estimation was sufficiently reduced and stabilized. 

The implementation for identification of the optimal THR is available in the R package, Rcurvep 

(github.com/moggces/Rcurvep, v0.3.1) 

Rcurvep method and metric: Curvep is a non-parametric algorithm that minimizes the number of 

corrections needed to restore curve’s monotonicity.10 Corrected data points are then imputed, on 

log-concentration scale, from the linear splines between the remaining adjacent points. Based on 

the corrected curve, several metrics are calculated in the corresponding Rcurvep package 

(github.com/moggces/Rcurvep, v0.3.1), such as: effective concentrations (ECxx) at various relative 

levels of response, maximal response (Emax), slope of the mid-curve (between EC25 and EC75), 

point-of-departure (POD) as the concentration at which significant level (as defined by user-set 

threshold) of response is reached, response-weighted concentration (wConc), concentration-

weighted response (wResp), area-under-curve (AUC), and wAUC, which is AUC weighted by 

POD and test range. The updated wAUC (as implemented in Rcurvep) is calculated as AUC * (LO 

– L) / (POD – L) / (HI– L), where LO and HI are log-transformed lowest and highest test doses, 

and L is a log-dose for infinite dilution (set by default to -24 in log-molar units, as approximation 

based on Avogadro constant). Among the curves with the same AUC, this wAUC equation gives 



higher weight to curves with lower (more potent) POD and narrower test range (lower HI, and 

higher LO). 

  



 

Supplemental Tables 

Supplemental Data Table 1: Botanical/Dietary test substance identity and procurement inventory. 

.  



Supplemental Figures 

 
Supplemental Figure 1: Assessment of intra/inter-botanical supplement activity trends. 
Comparison of botanical/dietary supplements (those with ³3 different test lots) by Pairwise 
Spearman rank correlations using responses (wAUC) in all assay readouts. Plots are labeled by 
botanical group (Annatto, Black Walnut Extract, Citral, Milk Thistle Extract, and grape seed 
extract) followed by four numbers indicating number of lots assessed/average number of active 
assays across lots/minimum activity by single lot/maximum activity by a single lot. The 
distribution of the thick line across the x-axis represents the degree of similarity within a group. 
The degree of overlap between the thick line and the thin lines represents the uniqueness of the 
group relative to other tested botanical/dietary supplements. 

  



 
Supplemental Figure 2: Box-plots summarizing relative point of departures (POD) data in the 
bottom fourteen ranked assays (based on F-value) across tested botanical groups. Note: Two assays 
are unable to be plotted due to observed inactivity in all tested botanical groups. 

  



 
Supplemental Figure 3: Box-plots summarizing relative point of departures (POD) data in the 
bottom fourteen ranked assays (based on F-ratio) across select botanical groups and associated 
marker constituents. Note: Two assays are unable to be plotted due to observed inactivity in all 
tested botanical/constituent groups. 

  



 
 

Supplemental Figure 4: tSNE clustering summary of Tox21 library chemical and 
botanical/dietary extracts based on the responses (wAUC) in all assay readouts. The most active 
test lot within each botanical group is labeled. 
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