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* Overview of the Integrated Chemical Environment (ICE)
« Data and updates
» Tools and updates

* Ongoing work and future enhancements

ice.ntp.niehs.nih.gov


ice.ntp.niehs.nih.gov

National Institute of _ -
NIH) R A . ICE: Integrated Chemical Environment

Division of Translational Toxicology

- Integrated Resources \ Outcomes \
(E:E\E/!ir:‘qc;g?][lent - Identify opportunities to
*) 2 Method Developers | fiah-ouslity I develop new methods
&) —  Compare method performance
Chemical Producers U Reference Chemicals - Identify data gaps
Curated in vivo and in vitro test data Risk Assessors Computational Tools - Obtain and examine toxicity

and chemical data
« Develop testing strategies

In silico toxicity predictions and chemical
property data

Reference and non-reference chemical lists

Computational tools for chemical
characterization and predicting toxicity

Releases in 2025: N _ _
Chemical Quest Curve Surfer » PBPK »

ICE v4.1.1 (February)

ICE v4.2 (July) —
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Bell et al. EHP 2017 ; Bell et al. Tox In Vitro 2020; Abedini et al. Comp Tox 2021; Daniel et al. Front Toxicol 2022
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In Vivo and In Vitro Data

 ICE includes in vivo and in vitro assay data curated from literature, validation
studies, and databases for toxicity endpoints of regulatory concern.

Toxicity Endpoint In Vivo In Vitro # of Chemicals

Acute Lethality (Oral, Dermal, Inhalation) X 11168
Cancer’ X X 3038
DART X 628
Eye Irritation and Corrosion X X 455
Endocrine X X 1940
Skin Irritation and Corrosion X X 564
Skin Sensitization X X 1818

'Cancer data also include weight of evidence data from various agencies
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Curated High-Throughput Screening Data

» ICE’s curated high-throughput screening (cHTS) data set contains data from the U.S.
federal Tox21 collaboration and EPA’s ToxCast program for ~10000 chemicals.

. : : e Updated in
ICE cHTS data align with the EPA’s invitrodb.

ICE cHTS Pipeline
. . Flag:
Retrieve Data Fl_a g: Flag: . Technological Annotate
Chemical QC Curve Fit
Interference

Knowledge Organization Structure

| i hrough
Open Biological and Biomedical may inform on may contribute to throug

Ontology (OBO) Foundry .
(http://obofoundry.org/). Assaly\/laEr::pomt Mode of Action Toxicity Endpoint Mechanistic Target

BSK_3C_VCAM1 Regulation of Vasculature DART Regulation of Angiogenesis
Development
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In Silico Models / Integrated Approaches Exposure-Relevant Data
Endpoint Model # of Endpoint # of Chemicals
Chemicals
Acute Oral CATMosS: Collellb.orative Acute Toxicity Modeling Suite — Rat Exposure Predictions 479 791
Toxicit AEER (O @Iy > | (Ring 2019. Environ Sci Technol) ’
y (Mansouri et al. EHP 2021) :
Estrogen Receptor Pathway Model Curated Product Use Categories
1812 R o 4893
(Browne et al. ES&T 2015) (Isaacs 2020. J Expo Sci Environ Epidemiol)
Androgen Receptor Pathway Model . i
(Kieinstreuer et al. Chem Res Tox 2017) 18551 | Reported Functional Use Categories 9395
CERAPP: Collaborative Estrogen Receptor Activity . . .
Endocrine Prediction Project 1M Prgc_jlcted Functional Use Categories ~200000
(Mansouri et al. EHP 2016) (Phillips 2017. Green Chem)
COMPARA: Collaborative Modeling Project for Androgen
Receptor Activity >1M

(Mansouri et al. EHP 2020)
Physicochemical =~ OPERA: Open Structure-Activity/Property Relationship App

Properties (Mansouri et al. J Cheminform 2018) >1M
Structural OPERA: Open Structure-Activity/Property Relationship App S1M
Properties (Mansouri et al. J Cheminform 2018)
Predicted ADME  OPERA: Open Structure-Activity/Property Relationship App S1M
Properties (Mansouri et al. J Cheminform 2018)
Environmental OPERA: Open Structure-Activity/Property Relationship App S1M

Fate Properties (Mansouri et al. J Cheminform 2018)
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Chemical Taxonomy

 ClassyFire Chemical Taxonomy download

A structure-based, automated chemical taxonomy developed by the Wishart
Research group at the University of Alberta (Djoumbou Feunang et al. 2016).

 Download contains chemical taxonomies for over one million chemicals.

 There are 4825 classifications across 11 hierarchical levels.

Hierarchical Level Classifications

Level 1: Kingdom organics and inorganics

Level 2: SuperClass 26 organic and 5 inorganic categories
Level 3: Class 764 categories

Level 4: SubClass 1729 categories

Level 5-11 2296 additional categorizations prioritized

in order of chemical weight
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Chemical Quick Lists

» Chemical quick lists can be used to populate queries across ICE tools.
— Reference chemical lists comprise chemicals that cause a specified, well-characterized biological effect.

— Non-reference chemical lists have less restrictive inclusion criteria.

Reference Chemical Lists Non-reference Chemical Lists

AR In Vitro Agonist AR In Vivo Agonist Mixtures and Formulations in ICE
AR In Vitro Antagonist AR In Vivo Antagonist NTP Cancer Bioassay Chemicals
ER In Vivo Agonist EPA Pesticide Active Ingredients RoC Classifications
ER In Vitro Agonist EPA Pesticide Inert Ingredients, Food and Nonfood : :

— : Use Steroidogenesis - Androgen
Eye Irritation-Corrosion
Genotoxicity EPA PFAS Master List V2 Steroidogenesis - Estrogen
OECD Defined Approach to Skin Sensitization: Human  EPA IRIS Cancer Assessment Thyroid
OECD Defined Approach to Skin Sensitization: LLNA EPAIRIS Non-Cancer Assessment Tox21*
Skin Corrosion IARC Classifications ToxCast Phase I, Phase Il, & e1k

*Updated in ICE v4.2 to align with U.S. EPA’s invitrodb v4.2
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The Search tool enables users to query the ICE data by specifying chemicals and/or data sets.

Chemical Input Data Input

Chemical Input Se/lect Data Sets o ‘ ’ ) ) ]
Select Chemicals 0! chemical quick list selected cHTS Sensitization Irritation/Corrosion Endocrine
Quick List CASRNs User Chemical Identifiers New in ICE v4.2 (a_” tOOlS)I a 0 Acute Lethality
82657-04-3 DTXSID8023892 . Dermal
103-90-2 82657-04-3 Feature to search for quick Inhalation
50-28-2 Picloram list name in chemical input ol
56235 DTXSID5032498 :
80-05-7 In Vivo Acute Oral Toxicity Assays
110-00-9 o Rat Acute Oral Toxicity in vivo
67-68-5 - - -
5908 Select one or more chemical quick lists. ° In Silico Acute Oral Toxicity Predictions
s04-864 (i ] CATMoS, Rat Acute Oral Toxicity in silico
57-27-2 ;
Select Al Deselect All | Finished ‘ Mode of Action
335-67-1 0 AcuteTox - Cytotoxicit in vitro
cuteTox - Cytotoxicity
50-29-3
50-00-0 Name
7782-49-2 <
59-05-2 o A Demo List of Chemicals_?ﬂ_ I:#I
Add chemicals with identical QS AR In Vitro Agonist (R) ﬂ I'-I-l'l
AR In Vitro Antagonist (R} @ £
AR In Vivo Agonist ﬂ n.l'-




N'H National Institute of
Environmental Health Sciences

Division of Translational Toxicology

Sensit... > InVivo Skin Sensitization Assays

» Results can be explored using the navigation
map that organizes results based on e

Inductlon dose per skin area, one posltive response 132 records 13 substances
a S S a /d a ta S et Concentratlon, 5% Incldence of posltive responses 44 records 13 substances v
-
Call Results View as percentage

Sensit... = In Vivo Skin Sensitization Assays
Czll Results

- Data visualizations aggregate results by data
set/subset based on the user’s position in the

M inactive

W active

L] L]
n aV|g at|0 n I I Ia p . ) sensit... » InViv... = Murine... = LLNA
Call (S records for 8 substances)
N
0% 25% 50% 754 100%
[ active [ inactive
Search Results GHS Classification (220 records for 64 substances)
cHTS Irritation/Corrosion  Cancer Cardiotoxicity 0% 25% 50% 5% 1009
[l ron sensi.. [ sensitizer -
Cellular Process . - Mervous System Develapmeny . . =
Gene Expression Regulation Endocrine Mode of Action Mode of Action
- B EC2 (% Wiew as histogram
- Androgen . Chemical Properties & oE
- Structural Properties LLMNA
Neuronal Transmissian bk O Acting DART @ (95 Records for 23 Substances)
[ 1| O - . "n—‘j
Mode of Action E |
— = Estrogen g
= 0
C ¥
[ ] 8 e
ama Irmure and Inflammatory Response AT E Pt Taebe e o
Mot Annotated - ) INCE Pyl = - i 1 T T I
Sensitization = 0 20 20 60 80
I St Hitabelic Frotise '
Other Steroid Hormane EC3 {D-"b}
Page 1ofl
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The Chemical Quest tool allows users to query by chemical ID or SMILES structure to identify similar chemicals
within the ICE database.

n [T —

=1=15 EC T v o b B r—
=1

Select filter to add to chain: (1] Select Page Sort Results By Q@ Direcon @

H - -~ wing 1- g i

Lo 1 of 1 Showing 1-10 of 10 hits.  Tanimoto Desc
C C Clear Filters Select All Filtered Clear Selected
= Only show selected items.

.. The Chemical Quest tool uses fingel

N

his tool uses fingerprints generated using Saagar features. Only

- ] Select this item Select this item Select this item Select this item
3 CH3
Run Reset St i, ‘ “ j CASRN: 8003-20-1 CASRN: 133-06-2 CASRN: 1082-58-2 CASRN: 4932-79-0
) DTXSID: DTXSID301333910 DTXSID: DTXSID9020243 DTXSID: DTXSID301137380 DTXSID: DTXSID001020409
4 Name: 3a,4,7,7a-Tetrahydro-2-[(t. Name: Captan Name: 2-[(Dichlorofluoromethyl). Name: 3a,4,7,7a-Tetrahydro-2-[(1
- Tanimoto Value: 1.0 Tanimoto Value: 1.0 Tanimoto Value: 0.961039 Tanimoto Value: 0.890244
lax hits per input: 10 (i ] Eanipr-!( 4 Has Bioactivity: false Has Bioactivity: true Has Bioactivity: false Has Bioactivity: false
oeffic
g
a
~ [o] 0 o] o
Chemical ID input (one per line). ~ % = >< % >—'*
L3 Aﬂb - N— | N— N— N—
= Br [o} o) 0 o
133-06-2 A . . . .
63-25-2 I
22657-04-3 Q)
103-80-2 irs p———
50-28-2 LLAeGL s
56-23-5 i hL]
20-05-7
110-00-9 Enter SMARTs [i ]

67-68-5 [ ] c=C Add SMARTS Query

58-08-2 %

404-88-4 Chemicals that match the entered SMARTS Query Select SMART Query (i)
57-27-2
Search

v %
335-67-1 9‘ ] et Count %
50-29-3
50-00-0 >Rl ol 3(8) 80.. X

Pl ! L
7782-49-2 W c-c 10(10) 10.. %
-

OO0 OALTOO & close &

~ /\r =N
[\j‘{ y

10 results in 10 items listed 10 results selected of 10 (100.0%)

https://doi.org/10.1021/acs.chemrestox.0c00464
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EXplorlng phySICOChemlcaI prOpertleS and Chemical Input List 1 (required) Chemical Input List 2 (optional)

. . LetHame o Demo List of Chemicals LstName  poc Classifications
chemical use categories for a set of
C h e m i Ca I S O r Ql:(ZG;I:t?C:ZRNS User Chemical Identifiers Q“:]Q‘:::_ZASRNS User Chemical Identifiers
Compare results between two sets of e e
chemicals. Users may also explore chemical | == el
properties data. = o

Chemical Curated Product Use:

OECD & Predicted Functional Use By Substance (729 Use Cases - 43 unique chemicals)
22 substances

[E AR In Vitro Agonist (R)

[l ER In Vitro Agonist (R)

B Both Chemical Lists

Substances
g f =

CPDat v3
(Williams, 2017)

& Predicted Functional Use Categories 16 substances
OECD Functional Use Categories 15 substances
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Interactive principal component analysis (PCA) plots @EUECIIRS=RZW.

Static PCA plot Dynamic PCA plot

Derived from a PCA with all chemicals in the selected Derived from a PCA with chemicals in query.
background chemical set.

DSSTox and Tox21 backgrounds are available to allow users to
compare their lists to two different chemical spaces.

Loadings: 0

Selected background: 0 Loadings: 0 ShOWLoadmgSI _______________ V
| DssToy v | Hide Loadings v \
Dynamic PCA CASRN Data (OPERA Data)

v DSSTox . .
PCA CASRN Data (OPERA data) ShOW or hlde Ioadlngs
Tox21 Background: DSSTox (vectors that represent the N T
. n Vitro Agonis
COrre|atI0n between eaCh @ Eye Irritation-Corrosion (R)
Background i
15- @ AR In Vitro Agonist (R) prgpgrty/descrlptor and 3
@ Eye Irritation-Corrosion (R) pl’lnCIpal ComponentS). _E
g 10- §
| =
.g £
g s- " =
2 p ’ -
@ o
. 00— 4
=5 o
- A l:]PERA
_54 o OPEn (gq)saR App
10 | | | | OPERA v2.8
-10- -5 0 5 10 .
! - (Mansouri et al. J
PC1, 45.2% variance Cheminform 2018)

PC1, 40% variance
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Curve Surfer

Mechanistic Targets Select this item ﬂ
Call
The Curve Surfer tool allows . =
. . . ssay Tex o _
users to visualize concentration- sy AR R
response curves from the cHTS CASRN
Chemical Name Exp 5
data - ® Concentration Response
DTXSID EE
SMARTS == del
» Curve Surfer cards enhanced z — ~ Top of Curve
. . Assay System g —-— Cutoff
in ICE v4.2 with new curves 5
. Assay Response Unit = — - BMD
and points of departure ACS0
O
(benchmark dose) to reflect Top of Curve
|nvitr0db V4 2 updates Technological Interference
) ] Flag Information | | | | | |
Winning Curve-Fit Model 107 107° 107" 107 1072 107
BMD Concentration (uM)
BMR
Assay: ACEA_AR_agonist_&0hr Mechanistic Target: Androgen Receptor Activity
CASRN: 50-28-2 DTXSID: DTHSIDO020573
Chemical Name! 17beta-Estradiol Winning Curve-Fit Model: exp5 .
Concentration Response Curve Overlay: percent_activity AC50 (uM): 0.0041 ACC (uM): 0.0018 N eW In I C E
[BMD {um): 0.001 BMR: 17.68 |
1 ',/'/ :ESS;EZ:%E:A%LW Um-gtjﬂ o Top of Curve: 63.57 Call: Active g V4 . 2
z | // T Technological Interference: No interference flag Flag Information: No flag information
z 20+ p
g 20- /"/

1=
\
A

Concentration (uM)
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The PBPK tool enables modeling of tissue-

specific chemical concentrations over time i I
following a dosing event. rumen . ‘
SedyWeight o Saczure Intarvel, Houm o
— Solve_pbtk: Predictions following oral or IV ™ x
exposure souz source o o
— Solve_gas_pbtk: Predictions following inhalation Epesssoom L o
(gas) exposure :
0 Dutput Conc. Units 0
— Solve_fetal pbtk: Predictions for maternal and .
fetal compartments following oral or IV exposure °:le° o
« Experimental and/or in silico ADME parameter I o °
values can be selected as model inputs. Sove feta_pot
« Users can customize model parameters such seccremess | @ TR e
Quick List CASRN= User Chemical Identifiers
as Expc_)sure Dose, Exposure Route, and 2, orop e her New in ICE
Simulation Length. S

* New feature added in ICE v4.2 that allows
users to upload custom data for selected
physicochemical and ADME parameters.

httk v2.2.2
(Pearce et al. J Stat Softw 2017)
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CASRN: 80-05-7 DTXSID: DTXSID7020182
Chemical Name: Bisphenol-a
@ —
(Cutput Unit: uM Exposure Route: iv
Bisphenol-a pecies: human Exposure Interval: 24
Model: Solve_pbtk ol

—= | Concentration profile (time series) graphs

—— Ckidney ] . .

—w | may be visualized in the PBPK tool.

—— Clung

C;:;:Ima
s 1 Crest
= = Cven
2‘0 3‘0 4‘0 S‘EI '5‘0 7‘0
hours
Box and Whisker -- Cmax
B cart
B cout
ALy I Ckidney
1 Cliver
[ Clung
150 Cplasma

Box plots with the distribution of Cmax | o
values for each compartment across the

chemicals in the query. : .
M=~ T===

T T T T T T
Cart Cgut Ckidney Cliver Clung Cplasma Crest Cven

UM
O

N 1
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IVIVE

Chemical Input Data Input Uplosd Custom Phys Chem Data

Select Assays [i ]

Select Chemicals [ e S

Quick List CASRNs User Chemical ldentifiers . o - Upload | T,
Dsta Type

Azays Description

The IVIVE tool uses pharmacokinetic models to predict the equivalent administered dose (EAD) from the activity concentration of selected assays.

» InVitro Endpoint: AC50, Species: human, Body Weight: 70.0, ADME Source: Default, Gestational Days when Exposure Starts: 91.0, Model: Solve_fetal_pbtk, Exposure Route

1]

Uploaded File: InVitro Endpoint 0 Exposure Routz [
! - MET - : :
[i] Exposure Interval, Hours [i]
24
Bady Wei i) 1]
70
ADME Source Li] Simulation Length, Days (]
Default w N
Esl&::riusmm In Vive or Exposure Data to Overlay o sestationsiD » ° °
21
2, Cropfile here Modst [} °
Uploaded Files Amultiple-compartment human PBPK model from the US EPA httk package that includes both maternal and fetal compartments and a
placenta modeled as 2 joint organ shared by mother and fetus. For details see User Guide [
L= M MET:
:
The IVIVE tool generates estimates of
the daily equivalent administered dose

(EAD) that would result in the plasma .
concentration of a chemical equal to the o Coomermgcios v
active concentration in a given in vitro R
assay. — 10 | pee Lethality (Acute Oral Toxicity Assay
«  New feature added in ICE v4.2 that 1
allows users to upload custom data 3 | et
for selected physicochemical and )
ADME parameters.

10-124

Upload Custom InVitro Dats

EAD 50th Box and Whisker

[spe

Estrogen Modulation (Uterotrophic LEL)

=)
[ &

Androgen Modulation (Hershberger, rat
antagonist LEL)

mg/kg/dose
& B
——
—_—
—_—
—_———t
—————t
—
—
—
S —
.
—_——t
Aep/B3/BLU

+ Exposure Predictions

dataset 2

Zn, S 2 %8y d3, gy <0, Su B Sog  l75  Ga, o 7, ds, L
2 S 2, R, 6. 2 2, "o, ‘. 9.9, 13 Fge O L. X 5, 6.
. te, 5‘.% \90_) %.; % o Gy T, E&vﬁ E St Sy Ty oy S5 LN > B, i dataset 3
2 b . -

hitk v2.2.2 T T : ) e
(Pearce et al. J Stat Softw 2017) _
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User guides and data sets descriptions are updated with each release to aid in
the navigation of ICE.

ICE help videos were updated in ICE v4.1 .1.

The ICE support email is monitored frequently to ensure any additional
questions are answered: ICE-support@niehs.nih.gov

Hands on trainings are available upon request

ICE User Guide ICE PBPK Tool Help Videos ICE Help Video

Search Table O]C COﬂteﬂtS ICE Help Videos ICE Help Videos are available for the Search, Curve Surfer, PBPK, and IVIVE tools. These comprehensive
Chemical Quest s Introduction instructional videos provide step-by-step guidance on building queries and interpreting results. Videos
* Building a PBPK Query Search Help Videos currently available were made using these versions of ICE:
Curve Surfer o Select Model
o Specify Additional Parameters IVIVE Help Videos * Search:v.4.1.1 (January 2025)
o Chemical Input
© Upload Custom PhysChem Data Curve Surfer Help Videos * Curve Surfer: v.4.1.1 (January 2025)
I @ Run PBPK Tool ' ’ :
* Viewing PBPK Result
Chemical Characterization ewine s sl St * PBPK:v.4.1.1 (January 2025)

¢ Download Results

¢ Interactive Results Table
6 Interactive Plots ¢ VIVE:v.4.1.1 (January 2025)

Interactive Graphs

Rest API ¢ Using Results to Query Other ICE Tools Zs. a shown as "QC-Omit" or "Flag-Omit"]
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Curated toxicity, chemical

ICED
CE Data property and exposure data

Ongoing ICE Projects

» Continuous development of data visualizations in Search tool

Chemical Identify data relevant to endpoints
Quick Lists or activities of interest

* Continuous curation and harmonization of ICE data

» Update ChemQuest to improve functionality and introduce
endpoint-specific similarity searches

Query ICE data and visualize

it * Expand PBPK and IVIVE tools to include more species and allow
results

for flexibility in dosing scenarios

Chemical
Quest

* Integrate chemical taxonomies into ICE tools to allow for more

Identify similar chemicals targeted exploration of chemical space

Improve chemical QC flags in cHTS data using new analytical QC

Chemical Explore chemical properties and results from EPA

Characterization use categories

Explore concentration-response
curves

Let us know what you
would like to see next!

Predict tissue-specific chemical
concentrations over time

Predict equivalent administered
dose from in vitro data

VIV VVVV VYV




National Institute of
NI H Environmental Health Sciences Ac k n owl ed g me nts an d Res ources

Division of Translational Toxicology

The NICEATM Group 3 ? Integrated  EEL
@ Environment [=]

ice.ntp.niehs.nih.gov

PERA £EBS

PEn (Q)saR App Effoct: in Bological Syroema

github.com/NIEHS/OPERA cebs.niehs.nih.gov/cebs

LN t lV f cigme
comptox.epa.gov/dashboard sciome.com
4 )

Subscribe to
NICEATM News "
ntp.niehs.nih.gov/

Contact Us: ICE-support@niehs.nih.gov \ golniceatm )



http://ice.ntp.niehs.nih.gov/
https://github.com/NIEHS/OPERA
https://cebs.niehs.nih.gov/cebs/
https://cebs.niehs.nih.gov/cebs/
https://comptox.epa.gov/dashboard
http://www.sciome.com/
https://ntp.niehs.nih.gov/go/niceatm
https://ntp.niehs.nih.gov/go/niceatm
https://ntp.niehs.nih.gov/go/niceatm
mailto:ICE-support@niehs.nih.gov
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