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In vitro high-throughput screening (HTS) assays can accelerate and reduce the » Compared to IED estimates, the IED-free estimates from P-PK model provided a

overall cost of identifying potentially toxic chemicals. These assays are being _ _ _ o more accurate approximation to injection UT LELs in most cases (Figure 3, Table 3). i Lowest Lowest Median : Median
developed and evaluated |n prOgI’amS SUCh as the US federal TOX21 COﬂSOI’tlum * Flgure 1 depICtS a general approaCh for developlng areverse pharmaCOKInetIC (PK) _ The |0west |ED_free esumates for methoxychlor and 0 p’_DDT were Only o p'-DDT ____________ Chemlcal Name Oral LEL? Lowest OEDb OED-free Oral LEL MEdIan OED OED-free
E-ngce| etkal.tZ(?lS())fg)d the U.S. Environmental Protection Agency’s ToxCast project model for IVIVE. ~1.1-fold less than their corresponding lowest LELs. iethvistibestiol | 6.70E-0 3.241E-07 6.483E-05 8.30E.0. 1.224E-04 2.447E-02
aviock et al. . . ; ; ; intringi ; . o . Methoxychlor }--< HEe Diethylstilbestro .7T0E-04 .30E-04 "
The fraction of chemical unbound in the plasma (Fub) and intrinsic metabolic — The lowest IED-free estimates were within ~13-fold of the lowest LELs in y (2067.0) (10.3) (6.8) (29.5)
*  However, before in vitro HTS assays can be used in risk assessment, the ability of clearance rate (CLintrinsic) are the two most important parameters for model building. injection UT studies for 8 of the 10 chemicals. Genistein bo-f——0—n1 17 betaEstradiol | 5.00E.03 | 260E-06 8.038E-05 Li7E0p | B104E04 1.529E-02
'Cr:‘ V'ttmla;c“t\r/]'_ty to F’Ire‘::!Ct in VcIiV(t) dos_,e_—reipons:a relrltlorlloghlpst_ neeﬂs to be; evaluated. — Experimental data on Fub and CLintrinsic for tested chemicals (Table 2) were —  The median IED-free estimates were within 10-fold of median LELSs in Diethv'st"bfnsgg; ________________ ol — ¢ ' () 622) ' () i
entral to this evaluation is determining how closely a bioactive chemica obtained from literature (Wetmore et al. 2013). L ) . i ' )
concentration in an in vitro assay corresponds to the blood and tissue levels of that ( ) |nje(;:_t |0n”lEJg fstud|esc}‘orr15 of tg_e 10Lét|jem|calgé'l'7hfe :Zr]?es(;_dlf;elr que bet\l/veen Butylparaben Ho—m 0,p-DDT 10 0.017 (586.9) 3.408 (2.9) 50 0.854 (58.5) 170.872 (3.4)
chemical that cause adverse effects in Vivo. — Rat Fub or CLintrinsic data were preferred. If none were available, human median IED-free and the median LELs was 86.7-fold for diethylstilbestrol. 0.0029
_ o _ _ experimental values were used (Wetmore et al. 2012). «  Compared to IED estimates, the IED-free estimates from I-PBPK model also provided Bisphenol B F-< e —n Genistein 20 (6887.1) 0.010 (2066.1) | 60 0.049 (1233.9) | 0.162(370.2)
. Gen_erally,_ the nominal tested concentration (|.e.: the amount of chgmu_:al qdded in the a better approximation to injection UT LELSs in most cases (Figure 4, Table 4). _ 599,098
medium divided by volume of the exposure medium) is used to define in vitro _ , , Emphemolay el —eF—: Methoxychlor 20 0.399 (50.1 79.792 4.0y | 215 1.495 (14.4 '

- g : : ; - — The lowest IED-free for 17 beta-estradiol was almost equivalent to its lowest )/ G0 ) 4 (3.9
concentration—activity relationships. However, the use of free chemical concentration Table 2. PK Parameters Used in the Models LEL q 4tertOctylphenol L. [ * u '
instead of nominal concentration has been suggested to reduce the effect of ’ ) AT | 4-tert-Octylphenol | 56 0.258 (217.4) 13.540 (4.1) 56 1.462 (38.3) 76.842 (1.4)*
concentration variability between in vitro assays and between in vitro and in vivo : — The lowest IED-free estimates were within ~14-fold of the lowest LELSs in (1 -0hme ”:,::’;’;} ------ ——eo N
assays (Groothuis et al. 2015). Clintrinsic | nepatic Renal Source of PK injection UT studies for 7 of the 10 chemicals. Theta.Estradiol 0.010 0.161 0.066 1.098 (364.3)

Chemical Name Fub Clearance | Clearance | Parameters (Fub, , , e , , RS BEwes H—= » Bisphenol A 200 20721.1), 1243.3), 400 6071.6), ' N
* We evaluated the performance of in vitro to in vivo extrapolation (IVIVE) of estrogen (L/nh) Lh) Lh) CLintrinsic)( - The medlan IED—free estimates were Wlthln 16-fold of med@m LELs in P (16 o (1)1 . (279 83°)(1 &y (114 570) (35) 1909.5¢ (4.8)*
receptor (ER) pathway activity and impact of critical pharmacokinetic (PK) parameters injection UT studies for 5 of the 10 chemicals. The largest difference between 0.000001 0.00001 0.0001  0.001  0.01 0.1 1 10 100
and dosimetry on IVIVE analysis. Diethylstilbestrol 0.005 2.753 0.0135 0.0004 Human, Human median IED-free and the median LELs was 84.7-fold for bisphenol A.
) ) 0 Inj_L_LEL [ Inj_Median_LEL []IED (Lowest ACC) <> IED (Median ACC) || IED-free (Lowest ACC) @ IED-free (Median ACC) Abbreviations: LEL = lowest effective level; O-PBPK = oral physiologically based pharmacokinetic;
17 beta-Estradiol 0.053 1.000 0.0498 0.0042 Rat, Rat * Regardless of whether IED or IED-free estimates were used, we did not see a o OED = daily oral equivalent dose; UT = uterotrophic.
— significant difference in performance between the P-PK and I-PBPK models Injection Dose (mg/kg/day) _ _ _
Genistein 0.300 1.246 0.2576 0.0240 Rat, Human (Tables 3-4, Figures 3-4). aThe table is sorted by lowest LEL from oral UT assays in ascending order. OED and LEL are
N ' _ Abbreviations: ACC = activity concentration at cutoff; IED = daily injection equivalent dose; reported in units of mg/kg/day.
0,p-DDT 0.005 1.006 0.0050 0.0004 Human, Human + Compared to OEDs, the range of OED-free estimates from the O-PBPK model Inj. = injection; LEL = lowest effect level; L_LEL = lowest LEL; P-PK = one-compartment population b : ;
- ided hcl imation to th fLELS i | UT studies for all S X The absolute fold differences between lowest OED/OED-free and lowest LEL in oral UT assays or
. ; Bisphenol B 0.018 2.378 0.0412 0.0015 Human, Human provided a much closer approximation to the range o sihora studies fora pharmacokinetic; UT = uterotrophic. between median OED/OED-free and median LEL in oral UT assays are shown in parenthesis
Data Used in the An aIyS|S - seven chemicals (Figure 5, Table 5). *indi diction of the LEL '
Bisphenol A 0.060 0.155 0.0092 0.0048 Rat, Rat Thel t OEDf fimat ithin ~10-fold of the | { OELs | Indicates overprediction of the S.
- e lowes -free estimates were within ~10-fold of the lowes sin . . : :
- - o - 4-tert-Octylphenol 0.019 1.799 0.0329 0.0015 Human, Human oral UT studies for 4 of the 7 chemicals. ¢OED estimates using published bisphenol A PBPK model (Yang et al. 2013).
 We selected 10 ER-active chemicals for IVIVE analysis, including two reference AL LDmethl ] ] o ) )
estrogens and eight environmental chemicals (Table 1). The chemicals were selected (1, Y 0005 |1.817 0.0090 0.0004 Human, Human — The median OED-free estimates were within 1.4-fold of their respective
according to availability of data from in vitro assays, data from high-quality in vivo propyl)phenol median LELs in oral UT studies for 17 beta-estradiol and 4-tert-octylphenol. Fl g ure 4 | EDS an d | E DS -free EStl m ated frO m
uterotrophic (UT) assay studies, and experimental measurements of pharmacokinetic Methoxychlor 0.005 1.957 0.0097 0.0004 Human, Human —  For bisphenol A, the published PBPK model performed better than O-PBPK : . .
parameters. Butylparaben 0.042 2621 0.0963 0.0033 Human, Human model in predicting the range of LELs in oral UT studies. I-PB PK Model Compared to UT |nJect|On LELS DiSCUSSion and Conclusion
« In vitro data were obtained from 16 ToxCast/Tox21 HTS assays that measure many + Using 17 beta-estradiol as an example chemical, we studied the impact of variations

Abbreviations: CLintrinsic = intrinsic metabolic clearance rate; Fub = fraction of chemical unbound

key eve_nts aI_ong the ER agonism pathway (e.g. receptor binding, transcription, and in the plasma; Human = human experimental data reported from literature (Wetmore et al. 2012): zréﬁé_éntréTzlc ggclisl;u\?vgr;ign?:grtr;]aattlanu.;\eslr:g pcrﬁ\élf;#‘séi\ée(r:j:?/zrcﬁ ltjhetzeSmi)giI)sl,d
cell proliferation) (Judson et al. 2015). PK = pharmacokinetic; Rat = rat experimental data reported from literature (Wetmore et al. 2013). from e?(perirﬁental Values without impacting the overall [ED estimai/esp(data ot P 1 | o m— 11— ®me «  Significant differences were not noted in IED predictions between the P-PK and
— For each chemical-assay pair, we calculated the activity concentration at [-PBPK models.
cutoff (ACC) as the lowest effective concentration (LEC) that causes a " lied eith PK Iti hysiologically based shown). it . HE—¢
tatistically sianificant est - effect e applied eit derla one-_compar:tmder_llt or n:u t|-cgmpe_1rtmer(;té) ysiologica hy ase o — The similarity of the results obtained from the two models is potentially due to
statistically significant estrogenic effect. PK (|ZBPK)|tmO e tto Zstlr?atteél e da| y eqwtvatt_ent ?lenflstere ose (E;AD) tt at el Genistein 1--—< @ —B using the same values for CLintrinsic and Fub.
— We calculated the lowest and median ACC across all 16 assays (Table 1). wouldresultin a steady-state blood concentration (LSS, Tor oné-compartment mode Diethylstilbestrol 1 _____________ =<3 : N . . I
s ( ) or maximum blood concentration (Cmax, for PBPK models) equivalent to the lowest (DES) — The lack of difference highlights the role of chemical bioavailability and
e Invivo data were _generated in the UT assay, which measures uterine hypertrophy or median ACC value across assays. Butylparaben 1. ¢ = metabolic clearance in driving IVIVE analysis, regardless of model structure.
caused by activation of the ER pathway (Kleinstreuer et al. 2015). «  The daily injection or oral EAD estimates (IED and OED, respectively) were then Table 3. IEDs and IEDs-free Estimated from P-PK Model Bisphenol B v —o —u «  Good agreement was observed between EAD estimates and in vivo lowest LELs for
— For each chemical-assay pair, the lowest effective dose level (LEL) that compared to the lowest and/or median LELs from UT assays with corresponding C d Iniecti LELs in UT A the majority of chemicals tested. This suggests that combining in vitro assay data and
causes an estrogenic effect in UT assay was derived, from which we administration routes. ompare to nJeCtlon S In SSays BisphenolA  fee-es H——eoI—H reverse dosimetry could provide an accurate correlation of in vitro and in vivo
calculated the lowest and median LELs for each chemical. Data to derive the . _ . ; . dosimetry and responses.
LEL were available for dosing by subcutaneous or intraperitoneal injection for —  The one-compartment rat population PK (P-PK) model built using the Lowest Lowest Medi pDolgoet . S - ’ . P . .
all 10 chemicals and for oral administration for 7 out of 10 chemicals software package R (v. 3.1.2) was used to simulate injection route of chemical Name | “°"¢' | Lowest IED? O Median LEL | Median IED 2ol 4-(14-Dimethylpropy) o = «  After Fub adjustment, EAD-free better approximated the corresponding LELs for the
' administration and estimated Css (Wetmore et al. 2013). The model assumed LEL® IED-free IED-free phenol majority of the tested chemicals, suggesting that free chemical concentration in blood
100% absorption. 17 beta-Estradiol | 1.00E-04 | 1.14E-05 (88) | 2456-04 21" | 1.00E03 | 2.16E-03 (22)* ?4885;02 17beta-Estradiol B +—B ¢ is a closer approximation of in vitro effective concentrations.
Table 1. Lowest and Median ACCs for Chemicals Used in the — Both rat injection PBPK (I-PBPK) and oral PBPK (O-PBPK) models were built ] ] 2 42E-02 e Consideration of metabolic activity could further improve accuracy of our IVIVE
Analvsis using GastroPlus software (Simulations Plus, Inc.), which includes 14 tissue Diethylstilbestrol | 2.50E-04 | 3.20E-07 (780.2) | 6.41E-05 (3.9) 3.25E-04 1.21E-04 (2.7) (7.4 0.000001 0.00001 0.0001  0.001 0.01 0.1 1 10 100 approach. For example:
y compartments (Figure 2). The I-PBPK model simulated a daily 3-hour 0 Inj_L_LEL [ Inj_Median_LEL [] IED (Lowest ACC) <> IED (Median ACC) [ IED-free (Lowest ACC) 4 IED-free (Median ACC)

Genistein 1 0.026 (37.8) 0.088 (11.4) 15 0.443 (33.8) 1.478 (10.1) All three models overpredicted LELs in UT studies for methoxychlor, which

intravenous infusion. The O-PBPK model incorporates the Advanced Iniecti o L
i 3 ) s . . jection Dose (mg/kg/day could be due to lack of metabolism in the in vitro assays.
Chemical Name? CASRN Lowest ACC (M) Median ACC (uM) Compartmental Absorption and Transit (ACAT) model to simulate chemical 0,p-DDT 1 4,60E-03 (217.4) | 0.920 (1.1) 0.234 (427.9) | 46737 2.1) ( ) Y

, , absorption through the gastrointestinal tract. Both PBPK models estimated - Abbreviations: ACC = activity concentration at cutoff; IED = daily injection equivalent dose; — The O-PBPK model underpredicted LELs in oral UT studies for bisphenol A,
Diethylstilbestrol 56-53-1 9.020E-07 3.404E-04 Cmax. Bisphenol A 2 0010(1972) 0169(118) 0.069 (1445.3) | 1158 (86.7) Inj. = injection; I-PBPK = injection physiologically based pharmacokinetic; LEL = lowest effect level; which was improved by incorporating glucuronidation in gut absorption.

(
( (
17 beta-Estradiol 50-28-2 8.14E-06 1.55E-03 Bisphenol B 20 0.027 (729.0) 1.505 (13.3) 0.078 (1413.1) | 4.270(25.8) L_LEL = lowest LEL; UT = uterotrophic.
( (
(

In the case of bisphenol A, we also applied a published PBPK model for oral
Genistein 446-72-0 0.004 0.062 administration that incorporates glucuronidation (Yang et al. 2013). Methoxychlor 50 0.223 (224.4) 44,566 (1.1) 0.835 (119.7) 167.018 (1.7)*

0,p-DDT 789-02-6 0.025 1.290 Butylparaben | 70 1.729 (40.5) 41,502 (1.7) 3661 (8L9) | 88.075(3.4)

BiSphem' ; — — — Figure 2. Structure of the GastroPlus Rat PBPK Model 4(LLDimethyl- 1 ), 0041 (4849.9) | 8.248 (24.2) 0267 (749.1) | 53.400 (3.7) _ _ References
Bisphenol A 80057 | 0033 0.228 propy')phencl Figure 5. OEDs and OEDs-free Estimated from

Atert-
4-tert-Octylphenol 140-66-9 0.137 0.774 200 0.093 (2156.8 4.874 (41.0 0.522 (382.9 27.456 (7.3 : : ; .
: o _ < > Octylphenol (2156.) (410 (382.9) 73) O-PBPK Model Com P ared to UT Oral LELs Chang et al. 2015. Applied In Vitro Toxicol 1(1): 33-44.
4-(1,1-Dimethylpropyl)phenol 80-46-6 0.280 1.816 , , _
See Table 4 below for abbreviations and table notes. Groothuis et al. 2015. Toxicology 332:30-40.

Methoxychlor 72-43-5 0.674 2.525 q | 2011. Ch |2 62
Judson et al. 2011. Chem Res Toxicol 24:451-62.
Butylparaben 94-26-8 0.941 1.992
opbOT  fpmemeeeeeeeg Judson et al. 2015. Toxicol Sci Epub ahead of print

Abbreviations: ACC = activity concentration at cutoff; CASRN = Chemical Abstracts Service Ve 0 1667 201 ;
Registry Number. \ — 090909090 Kavlock et al. 2012. Chem Res Toxicol, 25:1287-302.

aThe table is sorted by lowest ACC in ascending order. | Tab|e 4 |EDS and |EDS-free EStimated from |-PBPK =R Kleinstreuer et al. 2015. Environ Health Perspect (forthcoming).

Model Compared to |njection LELs in UT ASSayS Genistein Tice et al. 2013. Environ Health Perspect 121:756-65.
Diethylstilbestrol Wetmore et al. 2012. Toxicol Sci 125:157-174.

i (DES) Wetmore et al. 2013. Toxicol Sci 132:327-346.
Chemical Name Lowest Lowest IEDP Lowest Median LEL | Median IED Median

Figure 1. Use of Pharmacokinetic Modeling S ke — LEL® IEDfree IED free Bisphenol A ek Yang et al. 2013. Toxicol Appl Pharmacol 270:45-59.
5.12E-06 9.74E-04 1.84E-02 L -

fO r Reverse Dos im et rya : = 0087 17 beta-Estradiol | 1.00E-04 (195) 9.66E-05 (1.03) | 1.00E-03 103 (18.4)

Diethylstilbestrol 2.50E-04 3.65E.07 7.29E-05 (3.4) 3.25E-04 1.38E-04 (2.4) (25157'5);02

(685.8) )
17beta-Estradiol @ = = +-------

Genistein 1 0.0034 (294.8) | 0.0113(88.4) | 15 0.057 (263.6) | 0.190 (79.1) Acknowled gemen ts

Key Adverse Events h Cs Population distribution of §: Abbreviations: ACAT model = advanced compartmental absorption and transit model; PBPK = o,p-DDT 1 0.021 (46.8) 4.273 (4.3)* 100 1.086 (92.1) 217.105 (2.2)* 0.000001 0.00001 0.0001  0.001 0.01 0.1 1 10 100 1000
T steady state blood concentration physiologically based pharmacokinetic; Q = blood flow; V = volume.

4-tert-Octylphenot  seee

. . || Oral_L_LEL [] OED (Lowest ACC) | OED-free (Lowest ACC) [ OED (Lit. PBPK Model, Lowest ACC) | OED-free (Lit. PBPK Model, Lowest ACC) ) . .
(Css) or Cmax at a daily Bisphenol A 2 0.011(185.0) | 0.180 (11.1) 100 0.074(1355.6) | 1.230 (81.3) [0 Oral_Median _LEL <> OED (Median ACC) 4 OED-free (Median ACC) - OED (Lit. PBPK Model, Median ACC) 4-OED-free (Lit. PBPK Model, Median ACC) The Intramural Research Program of the National Institute of Environmental Health

(
( (
I dose of 1 mg/k _ ; : :
Perturbation of | paily iniecti | orelfose e o Bisphenol B 20 0.013 (1562.0) | 0.702 (28.5) 110 0.036 (3027.8) | 1.993 (55.2) Oral Dose (me/kg/day] Sciences (NIEHS) supported this poster. Technical support was provided by ILS under
ER Pathway ﬂ;mm:;mndg; g N For all models, hepatic clearance (CLhepatic) and renal clearance (CLrenal) were ( ( NIEHS contract HHSN273201500010C.
( (

{(mg/kg/day) calculated using the following equations: Methoxychlor 50 0.512 (97.6) 102.465 (2.0)* 100 1.920 (52.1) 384.006 (3.8)*

L — At . ! _ Clw o= | : The views expressed above do not necessarily represent the official positions of any
Fub * Clintrinsic 0.368 (190 1 8.857 (7.9 0.780 (384.8 18.756 (16.0 Abbreviations: ACC = activity concentration at cutoff; LEL = lowest effect level; Lit. = literature; ! - o ) .
Buylparaben 0 ) (9 30 ) (160 L_LEL = lowest LEL; OED = daily oral equivalent dose; O-PBPK = injection physiologically based Federal agency. Since the poster was written as part of the official duties of the authors, it

Qliver + Fub * CLintrinsic ;Sp;)zgg:yl 200 0,024 (8380.0) | 4.773 (41.9) 200 0.155 (1294.3) | 30.905 (6.5) pharmacokinetic; PBPK = physiologically based pharmacokinetic; UT = uterotrophic. can be freely copied.

4-tert-Octylphenol | 200 0.264 (757.8) 13.872 (14.4) 200 1.487 (134.5) | 78.140 (2.6)

¢¢ ACC * [—1 '“9”‘9“’3'] One-compartment or CLhepatic (L/h) = Qliver (L/h)

C,, or Cmax physiologically based PK Model

16 HTS ER T
Pathway Assays l——m'l

CLrenal (L/h) = GFR(L/h) * Fub

Hepatic clearance
plasma protein binding

In these equations, GFR is glomerular filtration rate and Qliver is liver blood flow rate. Abbreviations: IED = daily injection equivalent dose; I-PBPK = intravenous physiologically based
pharmacokinetic; P-PK = one-compartment population pharmacokinetic; LEL = lowest effective

E“Pe[’};":““' % > s; For both PBPK models, the tissue partition coefficients for each chemical were level; UT = uterotrophic.
2 J

Lowest or Median ACC predicted using ADMET Predictor (Simulations Plus, Inc.).

L S .

aThe table is sorted by lowest LEL from injection UT assays in ascending order. IED and LEL are
The terms IED-free or OED-free refer to the IED or OED, respectively, which could reported in units of mg/kg/day.

Abbreviations: ACC = activity concentration at cutoff; Cmax = maximum blood concentration; Css = result in free chemical concentrations in the blood equivalent to the lowest and bThe absolute fold differences between lowest IED/IED-free and lowest LEL in injection UT assays
steady-state blood concentration; ER = estrogen receptor; HTS = high-throughput screening; PK = median ACC. To predict IED-free or OED-free across all the in vitro ER assays, we or between median IED/IED-free and median LEL in injection UT assays are shown in
pharmacokinetic. used the following equation: IED-free = IED / Fub; OED-free = OED / Fub. parentheses. * indicates overprediction of the LELSs.

aAdapted from Judson et al. 2011.
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