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IVIVE Overview and ICE IVIVE Tool User Interface EADs Compared to MRLs or In Vivo PoDs of Different

IVIVE overview. IVIVE was performed to estimate the daily EAD that would result in plasma
or tissue concentrations equivalent to the in vitro activity concentrations of selected assays.

Background

Toxicity Endpoints

» As part of their chemical risk assessment process, the Agency for Toxic Substances and Disease Registry establishes a minimal risk level (MRL)
for chemicals of concern. The MRL is an estimate of daily human exposure to a hazardous substance that is likely to be without an appreciable

\ (Pearceetal. 2017)is selected in this study. /
A

carbon tetrachloride

n-nitrosodi-n-propylamine

0.02

44.0
106.0

In Vitro High-throughput Screening (HTS) Assay Data

chloroform : 46.5
1,2-dichlorobenzene . 1401
hexachloroethane 40.5

risk of adverse noncancer health effects over a specified route and duration of exposure (ATSDR 2022). Neurotoxicity
\) et b : :
+ The MRL for a chemical is based on the in vivo point of departure (PoD) of the most sensitive adverse effect by a specific route of exposure. / a In Vitro \ Chemllcal MRL In Vivo PoD EAD Range
Applicable uncertainty factors are then applied to the in vivo PoD to derive the MRL. =».Assays Pharmacokinetic model MRL CZ'_Or?’rt'fos 006000033 8'82 oodgg_ 4?'57 ,
ISuifoton . . . = .
» Time and resource requirements prohibit conducting in vivo multi-target organ toxicity assessments for the large number of chemicals of potential Lung .~ InVivo = 1e+02] =+ ethion 0.002 0.06 0.014 - 488
concern. Activity Conc 'Gut lumen| : 7 Pgl?/ Ea ﬁ - 4,6-dinitro-o-cresol 0.004 0.4 0.030 - 8.8
. . . . : b= > g dosulf 0.007 0.7 0.2-4.8
 Invitro high-throughput screening (HTS) assays and other new approach methodology (NAMs) data could be used to address this problem by ¢ 3 = : : 7 % s ® é quthion jzzﬁ]spl:] oasn methy) 001 1 022775
using reverse dosimetry to contextualize HTS concentration responses to an in vivo system, enabling derivation of a safety risk level without o oy EADs o 1e+00 ® o = ' ' ;
) ) Target Internal £ | _ClLh Q ; ; chlordecone 0.01 1 04 -67.2
animal testing. Concentration g o Iver 8_ (mg/kg/day) T: chlorfenvinphos 0.002 2 0.1-70.3
« In this study, in vitro activity concentrations from curated HTS assays for 35 chemicals were used as inputs for in vitro to in vivo extrapolation > =3 - 2 | TR tetrachloroethylene UeE el S8
(IVIVE) analyses. The IVIVE analyses estimate the daily equivalent administered doses (EADs) that would result in plasma concentrations \ —Rest of body-— 5 1e02 g BEoxm " d":l"o""osl - 00-0004 E 030-:08
equivalent to these in vitro activity concentrations. We then compared the EADs to the in vivo PoDs and MRLs for neurotoxicity, hepatotoxicity, or — = : : sta- ze:agini‘t)rft‘;?’je‘;eexa”e 0'0: : C8oas
ici ' Fi daptedf B tal. 2021. al : =
developmental toxicity. k Reverse dosimetry  Figure adapted from Breeneta / cypermethrin 0.02 20 14.3 - 64.1
» IVIVE analyses were conducted using the IVIVE tool in the National Toxicology Program’s (NTP’s) Integrated Chemical Environment le=0g" permethrin 0.3 30 0.2 - 290.2
(ICE, httpS/ / ice.ntp.niehs.nih.gov/ ) / ICE IVIVE TOOI User InPUt In Vitro Endpoint 0  Exposurs Route 0 \ (Q\)ﬁs:;\‘\()‘o(;’&\fg%e:g;o\:ge\‘:&0?\3:\Q‘:‘;:\Q‘;}io<‘§+'§§o'i‘zie‘\“:;\:\\e’&“;;gﬂ“té\\o6‘\e diazinon 0.006 0.6 100
Type of activity concentration ACC : = R TR o o toluene o8 240 259
y y ACC v | oral v NS W e
selected. ?
Chemical - g
4 o . Species O  Exposurs Interval, Hours @ EI EAD—ACC @ In Vivo PoD
. Species: rat or human. Rat model is chosenas | "~ & T e 1 EAD MaxTestConc. 7 Mini .
In Vlvo POD and M RL majority of the in vivo POD values are obtained rat v 24 . - - & Minimal Risk Level
_from rat studies. Hepatotoxicity
In vivo point of departure (PoD) Uncertainty factors (UFs) for calculating MRL Vs _ _ ADME Source @ Exposure Length, Hours 0
» Lowest observed adverse effect levels (LOAELSs), no observed » Traditionally, UFs account for uncertainties and variability for the Deilulliepiien s St el valies ol Default v 1e+03- + Chemical MRL In Vivo PoD EAD Range
d frect level (NOAEL d bench K d BMD followi t lations: absorption, distribution, metabolism, and
adverse etrect ieve ( _ S_)’ and benchmark doses ( s) were oflowing extrapoiations. excretion (ADME) where available and provides o = | 4,4'-methylenedianiline 0.2 30 0.0044 - 20.9
obtained from the published literature. o Interspecies (animal to human) in silico predictions where they are not. Model @ simulationlength,Days @ 5 teroz 1T TR 5 o PR
o Intra-human (normal to sensitive populations) p Solve_pbtk v |3 §’ reror ] - + | s pilEEe 3 900 25.0 - 416.3
o LOAEL to NOAEL data Solve_pbtk model from the httk R package & - 4-chlorophenol 0.03 13.4
z 1e+00 carbon disulfide 0.01 8.7
2
=
3

Summary and Future Directions

ICE provides user-friendly access to high-confidence data curated from
published literature, databases, and validation studies. We obtained in vitro
activity concentrations from curated HTS (cHTS) assays from ICE. To
maximize the number of chemicals for IVIVE analyses, we used all
available cHTS assays in this study.

All cHTS assays are selected. }

" ars For each toxicity endpoint, ICE provided at least one cHTS assay activity concentration for more
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than half of our chemicals of interest.
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Depending on the endpoints evaluated, our results showed that for most chemicals, the ranges of
EAD estimates are within 10-fold of in vivo PoDs.
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For chemicals that were active in at least one cHTS assay, the in vitro
activity concentrations at cutoff (ACCs) derived from concentration—
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The minimum EAD is lower than in vivo PoDs for most of the chemicals, suggesting that IVIVE Developmental Toxicity
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response curves (Filer et al. 2017) were used as the input concentration

for IVIVE.
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Xenobiotic Metabolism

using the most sensitive in vitro assay provides a conservative estimate for risk assessment.
The ranges of EAD estimates are higher than most MRLs, suggesting that an “uncertainty factor”
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""" may need to be established for in vitro derivation of MRLs. PBDESs decabrominated 0.01 68.9
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For chemicals that were inactive in all cHTS assays, the input
concentration for IVIVE was set at 100 uM, which is the typical maximum
testing concentration for most cHTS assays (Tice et al. 2013). This

approach is expected to provide an EAD value better approximating the Specific in vitro assays providing the most accurate predictions for in vivo PoDs need further
NOAEL. evaluation.

This study provides a good example of IVIVE application using ICE and demonstrates the
usefulness and limitations of using cHTS data and the ICE IVIVE tool.

Screenshot of cHT S assay selection and an example concentration—
response curve for cHT S data in ICE. ACC, activity concentration at
cutoff; AC50, half-maximal activity concentration.

EAD or MRL or In Vivo PoD (mg/kg/day)

In the figures above, boxplots represent the range of EADs
estimated from in vitro ACC in cHTS assays. Red solid circles
represent in vivo PoDs from in vivo toxicity studies. Red open
circles represents MRLs derived from these in vivo PoDs after
applying uncertainty factors. Green bars show the EADs
predicted from 100 uM, which is a typical maximum testing
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