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Introduction Case Study Methods Results Summary
Table1 : Physicochemical properties for case study chemicals and their metabolites. These properties are predicted by OPERA v2.8 and used as
. - - - - « The workflow was used to evaluate the : . . . . .
Chemicals that enter the bOdy can be metab0|lca”y activated through enzymatIC netabolism of 10 case studv chemicals input parameters for the httk v2.2.1 models (Pearce et al. 2017). « Each parent chemical had two to five metabolites with varying ranges
transformation. (Table 1 ) y IParent DTXSID Parent Name Chemical |% Yield] Clint fu LogP | pKa |LogHL| [Parent DTXSID [Parent Name |Chemica| % Yield [ Clint fu LogP [ pKa | LogHL in percent y|e|d
. . . . . . . . . Parent 4.23 0.04 1.96 6.66 -10.88 Parent 23.32 0.03 3.44 NA -3.5
En;ygjli actlviy varies acrosslhtt_J man p(t)putllatlllons due to '”.I.er'”t‘d"’]'cf u?I gfenetlc t M1 9 728 004 147 748 08 oryqipgogeosar[ld v 84 2621 004 379 1068  -563 * These preliminary results demonstrate how both parent chemical and
variabliity, maxing some populations potehtially more sensitive 1o eiects from paren . One round of metabolism was simulated ~ [PTXID50769190  Rimsuifurondesuifon 41 626 005 189 873 -108 PRETVIPToPSne metabolite kinetics impact internal exposure.
chemicals or metabolites. ¢ the CYP1A2 CYP2C19. CYP2CY M3 38 1.93 0.34 1.73 6.15 -10.89 |M2 16 18.52 0.04 3.06 11.83 -5.77
. . L . . rom the , : : M4 12l 407 0.03 1.63 8.4 -10.69 Parent 179 0.01 4.76 32  -7.75 . i ' _di '
* Physiologically-based kinetic (PB-K) models can help inform risk assessments for TOR ] O-(4-tert- aren ] The plasma conc_:entratlon profll_e for 1,3 dlp_henylpropar.\e (Fig 2B)
CYP2D6, and CYP3A4 enzyme suites in Parent 9183 002 236 1161 -8.94 Butylphenyl)-4-[4-M1 11 2023  0.01 500  33.55 6.9 shows that the higher t vield tabolite. Metabolite 1 (84%
. . . . [DTXSID10372043 g percen y|e metabdoll e, etapolite ( 0
parent chemicals and metabolites, but current methods do not fully capture the potential the ADMET Predictor database.  (methylamino)fuoren M1 7d 1230 001 241 NA  -9.35 (propan-2- MO 33 1194 002 318 215  -9.05 old erallv had a hiaher concentration over time than
impact of pathway-related population variability. PTXSID40279339 g one M2 3 1239 001 241 NA 935 ﬁ'iﬁ’y'l,?g_yg,f_’f 57 M3 43 2153 002 285 381  -778 yield), g.e erafly . '9 . ration over i .
- - - - - M3 13 1239 001 2.4 NA -9.35 e 71 1264 006 318 368 _ -7.69 Metabolite 2 (16% yield). This results in a higher potential Cmax
* In this project, we developed a generalized modular workflow (Fig. 1) to incorporate * An exposure of 1 mg/kg oral dose was M4 7. 1230 001 241 NA -9.35 Parent 2639 003 562 1138  -4.97 for Metabolite 1 over Metabolite 2 (Fig 3).
pathway-related variability for a range of enzymes across human populations into PB-K assumed. PB-K input parameters for each 1-(2H-1,3-Benzodioxol- Parent 3341 002 329 NA -10.06 . M1 sl 223 001 473 1112 541 | o
models. chemical and its metabolites were IDTXSID00532896 fn'g't)rﬁ;((;:henyl)pmpane M1 18 909 001 254 508 -10.6 [DTXSID10274053 Methyloctyl)phen M2 30 2421 003 376 NA  -5.43 « Some chemicals do not show such a dramatic difference.
. . . : : 1,3-dl i o ] Morpholine’s Metabolite 3 (42% yield) resulted in Cmax only 1%
- This poster presents the workflow, describes data sources, and provides a case study predicted with OPERA v2.8. ks Mz e M3 2 %087 001 4071073 541 P . ( . yield) re . y 170
demonstration Paront 274 o2 408 570 LB ||;)/|4 t 44 3105 004 402 1 541 greater than Metabolite 2 (27% yield) (Fig 3), which may be due to
. . . . =11, aren . . . . -[. . . . . .
* Monte Carlo simulation (n=5,000) was IDTXSID80875354  [Tioclomarol M2 28]  58.01 003 342 NA  -8.29 >-ohioro- 1% vy 5, 965  0.32 1.77 NA  -9.19 differences in intrinsic clearance.
@ @ IDTXSID90470632 [MtroPhenyl)-5,6 : :
ExposUre Parent used to estimate effects of population M3 271 1891 006 4.0 6.1 -10.94 gi(*]ﬁ)f_g%ridin- M2 61 6662 016 322 069  -7.62 * Most case study chemicals have a higher Cmax for parents than
P loading variability using EFSA data; analyses M4 6| 1068 006 385 667 -10.94 M3 34 2465 034 164 09 88 metabolites.
f d n the 95(y interval Of results Parent 11.42 0.21 1.36 552 -7.87 IParent 33.37 0.04 7.49 10.38 -5.22 . . .
@ oclused o 0 ' M1 11| 1301 036 14 389 -10.15 M1 4 1945 004 703 1027  -7.03 * Some chemicals, like 2-(methylamino)fluoren-9-one and
Parameters Parameters : IDTXSID00210268  [Morpholine M2 271 1676  0.33 13 557 -7.95 M2 24 4535 004 505 NA 581 tioclomarol, have a higher simulated Cmax for the metabolites
. . [DTXSID00274042 [2-Dodecylphenol ’ .
CI;are_nt I /_ \ Pséeigt /_ \ MeFt%b%IIte . PB}T mod(ejls were used to pretdlcti_t plasma mj ‘z‘i ‘1’22 gz; 113-? ;2‘1” 1;?? m ;‘1) ;igg 33;‘ ;;z 12: 58; These parent compounds typically have high intrinsic clearance
emica . - . - rofiles and maximum concentration - - - 3110, - - - S :
\ Metgbtohsm _/ \ Metgbtohsm / ?Cmax) Jistributions s o 1604 009 662 93 69 rates compared to metabolites.
@ ata ata 4 ' Abbreviations: Clint: intrinsic clearance (uL/min/10° hepatocytes), fu: fraction of chemical unbound to plasma protein, LogP: octanol-water patrtition coefficient,
pKa: acid/base dissociation constant, LogHL: Henry’s Law
Population Population . . .
(4) (s)\o Poria data Discussion and Conclusion
Figure 1: Generalized modular workflow. Numbers correspond to descriptions in Workflow section below.
Case Study Results: Plasma Profiles for Select Chemicals  The NTP Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) has developed a workflow to
WOrkﬂ owW _ _ integrate metabolite predictions into PB-K models. Monte Carlo
A) 427% Yield B) 84% Yield ‘ simulations are used to estimate the ranges of internal exposure
Parent chemical dose, amenable to scaling, is established. Metabolite 1 Motabolite 2 ' Metabolit 1 using uncertainties in metabolic clearance rages.
_ _ _ 1% Yield , _ ,
2. Generalized PB-K models from the U.S. Environmental Protection Agency’s httk R > « The workflow is modular, producing both parent chemical and
package (Pearce et al. 2017) are parameterized using measured data and/or | e R E metabolite tissue predictions.
predicted data from the Open (Quantitative) Structure-activity/property Relationship Morpholine (DTXSID00210268) % % 0_8_1’3'Diphenylpr°pane (DTX5ID80862527) %0_10 D Q tfving th £ trati iting f
App (OPERA) QSAR models (Mansouri et al. 2018). > 50 5 uantitying the range ot issue concentrations resuiting frrom
oo BN | metabolic pathway variability facilitates more health-protective risk
3. Information on predicted metabolites, which enzymes contribute to metabolism, and 3o "L ! e e L 5 1 S — e ool ! L T assessment for susceptible population groups.
percent yield for each metabolite are obtained from SimulationsPlus ADMET : N e N Time (hn) 5 N Time (hn) o
Predictor® (www.simulations-plus.com). 5051 S42] * The case study was limited to a small set of CYP450 enzymes to
L . . . correspond with metabolite prediction capabilities.
4. Enzyme variability data are obtained from literature reports published by the European = = i L L L m 42 P P P
Food Safety Agency (EFSA; Darney et al. 2019, 2021). : 5 Crime () “ ° g : e : | « FUTURE GOALS: This workflow will be implemented for a set of
5. Enzyme variability is integrated into the PB-K model by adjusting the clearance | 5o 5 /\ ‘E’L app.ﬁoEllmgte'Al\yD:er_lll_llgn zgrte nt_lcfr]emlcadlg ? nd thglllrt;n gte}[bollt?s dint
parameters. Monte Carlo sampling is performed on a lognormal distribution of _— = ’?hvall at € 'r][ " Oham rel IIEC or. 1he prte IgE'C_mS will be Integrated Into
clearance with coefficient of variation (CV) defined by enzyme CVs from EFSA 27% Yield 0 5 B o % 2 0 5 o ey 22 25 6 5 B % 75 htte r.llle.grate . ﬁm'?r? nvironment (ICE;
reports. These enzyme CVs are scaled by relative contribution to metabolism and ‘ 1 ps://ice.ntp.niehs.nih.gov).

combined to create a representative value. 20% Yield 16% Yield Models to predict toxicological endpoints, (e.g., endocrine disruption,

The amount of parent chemical metabolized is used to create an intravenous dosing acute toxicity), will be applied across parents and metabolites.
time series for each metabolite that is scaled by the metabolite’s percent yield. Figure 3: Plasma profiles for A) morpholine and B) 1,3-diphenylpropane. Black lines show PB-K simulations with OPERA-predicted parameters and colored lines show results of Monte Carlo sampling to represent
population variability based on metabolic enzyme activity. The % yield of each metabolite is given.

QSAR models from OPERA also predict metabolite PB-K parameters; metabolite
PB-K simulations are conducted using the dosing time series as inputs. Refe rences

Parent and metabolite results can be analyzed across the Monte Carlo runs to

evaluate the effects of genetic pathway-based variability. Case Stu dy RGSUltS: Plasma Cmax for Parent and MetabOIite Chermicals Darney, K. et al. 2019. Inter-ethnic differences in CYP3A4 metabolism: a Bayesian meta-analysis

for the refinement of uncertainty factors in chemical risk assessment. Computational
Toxicology, 12, p.100092.

Darney, K. et al. 2021. Human variability in polymorphic CYP2D6 metabolism: Implications for
Population clearance distribution Parent Amount metabolized the risk assessment of chemicals in food and emerging designer drugs. Environment

_ International, 156, p.106760.
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Figure 2: Example workflow for a single run for a parent chemical and metabolite. E E
Visit ICE r r
Figure 4: Summary of Monte Carlo sampling results for parent chemicals and their metabolites using Cmax. Boxplots show minimum, maximum, interquartile range, and https://ice.ntp.niehs.nih.gov/

median, while transparent circles show results of PB-K simulations with OPERA-predicted parameters.
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