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QSAR TOOLBOX

Background

AThis IS a step -by-step presentation designed to take the
user of the Toolbox through the workflow for filling data
gap for acute aquatic toxicity to fish taking into account
tautomerism of target chemical.
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QSAR TOOLBOX

Objectives

AThis presentation reviews a humber of functionalities of
the Toolbox:

/&Providing tautomeric set of target chemical

/&ldentify analogues for a set of tautomers

/&Retrieve experimental results available for those analogues
/&Filling data gap by trend  -analysis

A’Save the obtained prediction result
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QSAR TOOLBOX

The Exercise

Aln this exercise we will predict LC50 for fish: P.promelas
for target chemical

ASet of simulated tautomers for the target chemical will be
provided

AThis prediction will be accomplished by collecting similar
analogues presented with their tautomeric set

AThe category will be defined using US -EPA New Chemical
Categories

AData gap will be filed by trend -analysis
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QSAR TOOLBOX

Workflow

AAS you know the Toolbox has 6 modules which are
typically used in sequence:
AChemical Input
rofiling
AEndpoint
ACategory Definition
ata Gap Filling
eport
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QSAR TOOLBOX

Chemical Input

There are two ways for simulating tautomers of chemicals
ADuring the process of entering the structure into the system
ASimuIating tautomersim of already entered structure

In order to accelerate the workflow all databases are preliminary
tautomerized, calculated and profiled . The results are stored in the

database .

See next screen shots
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QSAR TOOLBOX

Chemical Input
Input target chemical by CAS#

- —_ T &8 x \ 8
QSAR TOOLBOX sh 16100 E R

Update
» Endpoint » Category Definition » Data Gap Filling

Single Chemical C i The OECD QSAR Toolbox
for Grouping Chemicals
& s
Select

mmmmm

Structure

Physical {

Search by CAS # 5
89623 = Tautomeric sets o7 0K
HEnvironms4 ‘\

J r—' N
FHEcotoxicological Select All Clear All lglech‘on Selected 0 of 0
on

[HHuman Health H| | Selected cas Smiles

Mames CAS/Mame 2D/Mame CAS/2D

1. Click on CAS#;2. Enter 89-62-3;3. Select Tautomeric sets;4. Click Search;5. OK
[ 0 Document Add by CASE L2 T B
Note: Tautomeric set functionality search tautomeric forms of entered chemical in
previously tautomerized databases
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QSAR TOOLBOX

Chemical Input
Target chemical identity

(&
o
i

Lotume. Filter endpoint tree... ( N [target]
Document 1 51
Structure

ElSubstance Identity
—CAS Number
— Chemical IDs

89-62-3
EINECS:2019249

benzenamine, 4-m...
4-methyl-2-nitroanil _
2-nitro-p-toluidine

4-methyl-2-nitro-be
ptoluidine, 2-nitro-
benzenamine, 4-m...
4-methyl-2-nitrobe.__
2-nitro-4-methylanijyf..
CTHENZ02

Aece(N)e(

— Chemical Name

& save to smi Q, search o OK }

— Molecular Formula

— Structural Formula
EPhysical Chemical Properties H
ElEnvirenmental Fate and Transport TaUtO m e rIC fo rm S
EEcotoxicological Information

Celece(Mc(N(=0)=0)cL EJHuman Health Hazards

HEAcute Toxicity

— Bioaccumulation

rHFCarcinogenicity

rEDevelopmental Toxicity / Teratogenicity

HGenetic Toxicity

— Immunotoxicity

rEPhotoinduced Toxicity

—Repeated Dose Toxicity

Target with its  tautomeric forms are identified and loaded on data matrix.
1. Double click  over the target structure displays target and its tautomeric forms
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QSAR TOOLBOX

Chemical Input
Implementation of Modeling modes

A Component Mode All I all tautomeric forms are analyzed in a package

157570} -~ & ® A\ 3
10100
» Endpoint » Category Definition » Data Gap Filling

QSAR TOOLBOX

About Update

ocumen

mmmmm

Structure

FSubstance Identity
[HPhysical Chemical Properties
FEnvironmental Fate and Transport
HEcotoxicological Information
FlHuman Health Hazards

A Component Mode Single I each tautomeric form is analyzed individually

o —_— "8 ®
o1 %
10100

» Profiling » Endpoint ¢ Category Definition * Data Gap Filling * Report

QSAR TOOLBOX

About Update

Document Single Chemical Chemical List Component Mode

@ al

Documents Filter endpoint tree. ..

[setlTICeLeceN)cN(=0)=0)cL.

Structure

Different modes for visualization for the set of target and its tautomeric forms is
implemented. A package of target and its tautomeric forms are used in further trend analysis.
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QSAR TOOLBOX

Profiling
Overview

Aﬁ Pr of irkfersn goo the electronic process of retrieving
relevant information on the target compound, other than
environmental fate, ecotoxicity and toxicity data, which are
stored in the Toolbox database .

AAvaiIabIe information includes likely mechanism(s) of
action, as well as observed or simulated metabolites
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QSAR TOOLBOX

Profiling
Side - Bar to Profiling

AFor most of the profilers, background information can
be retrieved by highlighting one of the profilers (for
example, US-EPA New chemical categories and clicking
on i Vi e(se@ ext screen shot) .
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QSAR TOOLBOX

Profiling
Side - Bar to Profiling

- TR XY EY
0 1
10100 About Update

¥ Profiling ¥ Endpoint } Category Definition  » Data Gap Filling

QSAR TOOLBI(

Profiling The OECD QSAR Toolbox
. for Grouping Chemicals
¥ into Categori

Apply \ = Developed by

US-EPA New Chemical Categories (Predefined) - Profiling Scheme Browser

List with categories Textual description
Advanced y)
US-EPA Mew Chemical Categiyffes - Category definitions Profile Description K
4 - JS-EPA Mew Chemical Categories -~ Category: Aldehydes Environmental Toxicity -
- Add Chlorides ] : i
- Arrylamides . . . - al
.. Arylates/Methacrylates (Acute toxicity) f'llc.lehyde.s are a class o‘forga.mc compoun:ds charastmedby the flmchona] group R-C(=0)-H. Aldehyd.es are =1
- Acrylates/Methacrylates (Chronic toxicity) ionizable in water and exhibit excess aquatic toxicity in addition to narcosis. Polyaldehydes are more toxic than
- Aldehydes (Acute toxicity) monoaldehydes to aquatic organisms and acrylic/vinyl/allylic aldehydes. e.g., acrolein, are more toxic than
Ndeh\-'_des (Fhronic toxidity) polyaldehydes. Vinyl/allylic/acryvlic aldehydes are a class of organic compounds characterized by both the aldehyde, R-
::Ehahél Amines £\ | C(=0)-H. and vinyl. H,C=C-R, or allylic, R-C=C-R. finctional groups. Allylic and vinyl aldehydes, e.g.. acrolein,
Xysilanes
... Aluminum Compounds C=CC(=0), exhibit excess toxicity.
- Aminobenzothiazole Azo Dyes
qultima A”?FYd”dES: Carboxylic add It is assumed that aldehydes need to be absorbed to be toxic, therefore, aldehydes with MW =>1000 will be excluded
A binding by OASIS v. 1.3 :::I:::: 2:::;:0;;::;) from this category. Acute toxicity for aldehydes is known to be limited by the octanol'water partition coefficient (KOW)_
- Anionic Surfactants —|| | AbovealogK __ vahe of 6.0, aldehydes show no effects at saturation during 96-h exposures to fish. Aldehydes
- Azides (Acute toxicity) . . .. . . .
. Avides (Chronic toxicity) which are solids at room temperature may show no toxicity at saturation at lower Kow values depending on the melting
- Benzotriazole-hindered phenols point. i.e., the higher the melting point at a given K _.. the greater the likelihood that no toxicity will be observed at
g::;::::::::: Egﬁii?;:i:t)y) saturation. For solids, the no effects at saturation has to be determined on a case-by-case basis. There are no
Metabolism/Transformations ... beta-Naphthylamines, Sulfonated measured upper K limits for chronic toxicity at this time, but it may not be much above alog K = 8. Future testing
+~ Boron Compounds will determine K | _ imits.
Doc - Cationic {guaternary ammonium) surfactants ow
umented . Cobalt
Observed Mammalizn metaboism . Disrilines Hazard Concerns: The toxicity for aldehydes has been determined through SAR Analysis:
- Diazoniums (Acute toxicity)
- Digzoniums (Chronic toxicity) SARSs for monoaldehvdes:
- Dichlorohenzidine -hased Bioments hl .

1. Highlight the profiler
2. Click View ©
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QSAR TOOLBOX

Profiling
Side - Bar to Profiling

sl L i G610 “®®\E
QSAR TOOLB| G T3 E h 100 "

About Update
» Profiling » Endpoint » Category Definition b Data Gap Filling

Profiling

4

Apply

Profiiir.y ¢ ‘ethods - US-EPA New Chemical Categories (Predefined) - Profiling Scheme Browser

[ unseect 41 ] L - > I
Bsic  swe Beat. dee opens  OtTUCtUral boundary Parametric boundaries
US-EPA New Chemical Categories - Category definitions || Boundaries |Training set I Options |
UHE W @ [ AND
4 - US-EPA New Chemical Categories -
- Adid Chlorides N
- Acrylamides

- AcTylatesMethacrylates (Acute toxicity)
- Acrylates Methacrylates (Chronic toxicity)

m

- Alkoxysilanes

luminum Compounds

minobenzothiazaole Azo Dyes

rhydrides, Carboxylic acid Clear \” Tidy ” Delete ]

- Anilines (Acute toxidty) 2 |

- Anilines (Chronic toxicity) Boundary Options | Metabolism

- Anionic Surfactants
3 ) Fragment

- Azides (Acute toxicty)

. Azides (Chronic toxidty) cHH=C)C Edit
- Benzotriazole-hindered phencls

- Benzotriazoles (Acute toxicity) @ StrUCtu ral
- Benzotriazoles (Chronic toxicity) H fragment
- beta-Maphthylamines, Sulfonated
- Boron Compounds ‘
ationic {(quaternary ammanium) surfactants
obalt

- Dignilines

nghllght the profiler
2. Click View :

Metabolism/Transformations

Select Al Unselect All

Documented

Profile Comments
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QSAR TOOLBOX

Profiling
Profiling the set of target and tautomers

AThe following primary profilers relevant to the aquatic toxicity are used in this
example (see next screenshot) :

- OECD HPV Chemical Categories

- US-EPA New chemical category

- Aquatic toxicity classification by ECOSAR

- Acute aquatic toxicity MOA by OASIS

- Acute aquatic toxicity classification by Verhaar (Modified)

- Organic function groups 1 all four profilers are used in the assessment

A Select the n Pr of mkt h g detated to the target endpoint by clicking on the
box next to the profilers name .

AThis selects (a green check mark appears) or deselects (green check
disappears) profilers .
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QSAR TOOLBOX

Profiling
Profiling the set of target and tautomers

o770 ® 8 x
QSAR TOOLBOX -rh- Tthoo E

About Update

¥ Profiling ¥ Endpoint » Category Definition » Data GapF

Profiling

¥

Apply

Profiing methods |1 [target] Brofile statistic —
Select Al Unselect Al [511T] .
P —— A Select profiles Report Stop All chemicals
- » o
Acute aquatic assificati @v@ Stack mode Stacked to 100% [ | Group by cate| 5
i:!:t:uztalhc - Profies i use e [Hsavetosmi || Shprint.. | ™ Addinrewdoc | Addasi
atic tox
H Bioaccumuiaiion - wei g Acute aquatic toxicity MOA by OASIS
Sinaccumulation - metabol 5 CTHEN202

Celeec(N)e(N(=0)..
B DART scheme v. 1.0

[l OMA alerts for AMES by O ’
[l DNA alerts for CA and MNT by OAS EEcotoxicological Informatiw

Evye irritation /corrosion Exdusion rules
n e e ——— EHuman Health Hazards
Eye irritation/corrosion Indusion rules

n vitro mutagenicity (Ames t erts Profile
n vivo muta i i eus) ale Predefined

# Category Count %
i Basesurface narcotics 1 20.00

2 Phenols and Aniines 1 20,00
;j:jz;?;:n?:::e - . 3 Reactive unspedified 3 60,00
(e Acute aquatic toxicity MOA . ,
—esliaslelll by OASIS categories of Ve ——
" . ermaar ... Acute aquatic toxicty MOA by OASIS 5y
tautomers in the set e

2D representations of the
structures in each category

n irritation corrosion Exdusion rules ACUte aquatic toxicity MOA by UASIS
n irritation/corrosi ules

— Agquatic toxicity classification by ECOSAR

Not Related to an .

—Empiric Copy
] Number of tautomers
Organic Functional groups Explain . N O N . )
jc Functional grot ) & Compenent Profile Statistr | Ina Category bln
‘ a Aryl

Check the profilers related to acute aquatic toxicity as mention on slide # 20
Click  Apply [
Perform Right click over the cell with profiling results and
. Select Component profile statistic
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QSAR TOOLBOX

Endpoint

AﬁEndpoi nto refer to the electroni
environmental fate, ecotoxicity and toxicity data that are
stored in the Toolbox database.

AData gathering can be executed in a global fashion (i.e.,
collecting all data of all endpoints) or on a more narrowly
defined basis (e.g., collecting data for a single or limited
number of endpoints).

Aln this example, we limit our data gathering to the common
aquatic toxicity endpoints from databases containing aquatic
toxicity data - Aquatic ECETOC,; Aquatic OASIS; Agquatic
Japan MoE; ECOTOX

AData for target chemical and its simulated tautomeric forms
IS extracted from selected databases if available
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QSAR TOOLBOX

Endpoint

AFor this example, the following database are relevant to the aquatic
toxicity (see next screen shot) :

Aquatic ECETOC
Aquatic Japan MoE
Aquatic OASIS
ECOTOX

< < < <
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QSAR TOOLBOX

Endpoint

Gather data

[ E

¥ Profiling » Endpoint ¥ Category Definition  » Data Gap Filling

Databases Filter endpoint tree...

Tautomerize

1 [target]

[ sclectal Jubsgiectal] invert | abour |

[ Physical Chemical Properties

M Enviror +a and Transpol Structure

P, ccotoxicological Informais~n
ET

I51 M1

HSubstance Identity
— CAS Number
— Chemical IDs

— Chemical Name

— Molecular Formula

— Structural Formula

[HPhysical Chemical Properties
[HEnvironmental Fate and Transport
[HEcotoxicological Information
MHuman Health Hazards

HProfile

89-62-3
EINECS:2019249

benzenamine, 4-m...
4-methyl-2-nitroanil....
2-nitro-p-toluidine
4-methyl-2-nitro-be..
ptoluidine, 2-nitro-
benzenamine, 4-m
4-methyl-2-nitrobe. ..
2-nitro-4-methylanil...
CTH8N202

Celcce(M)e(N(=0)...

About Update

The OECD QSAR Toolbox
for Grouping Chemicals
into Categori

Developed by LMC, Bulgaria

1. Select databases related to the
before the database name .
2. Click Gather

target endpoint

by adding a green check in the box
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QSAR TOOLBOX

Endpoint

E [ cee\g
Q SAR TOOLBOX 10100 About Update

} Profiling » Endpoint } Category Definition  » Data Gap Filling

Import Delete Tautomerize

Import

Databases I‘Filher endpaint tree...

A
o+,
g
Structure O ]
[
LLA
HEM8 h
M Envir.unenta 4?:;3}1
P ccotoxicological SAnimalia

Aquati
rHArthropoda (Invertebrates)

FlChordata (Vertebrate
Aetinopterygii (Fish)
Lepomis macrochirus

Leuciscus idus
Pimephales promelas (1/2) M:24.7 mg/L, 24.8,
Boecilia reticulata

Undefined Test organisms (species)
rEMollusca (Invertebrates)

“HRotifera

14 Days

HEILD50

“HAMRCE0

HEPhatoinduced Toxicity

HHPhysiology

HPopulation

B Human Health Hazards </

HProtozoa
Ciliophora
Select All i

-
"ada DL Tetrahymena pyriformis (1) M:67.2(45.1,113) ...
. LAl Indefinad FTE v

1. Available experimental data appears on datamatrix .
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QSAR TOOLBOX

Recap

AYou have entered the target chemical
AYou have simulate the tautomeric forms of target chemical

AYou have gather data if available and found experimental data for
one of tautomeric forms (in our case for entered structure) .

ANow you are ready to continue with next step of the workflow
Category def i nitiono
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QSAR TOOLBOX

Category Definition
Overview

AThis module provides the user with several means of
grouping chemicals into a toxicologically meaningful
category that includes the target molecule.

AThis IS the critical step in the workflow.

ASeveral options are available in the Toolbox to assist the
user in refining the category definition.
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QSAR TOOLBOX

Category Definition
Grouping methods

AThe different grouping methods allow the user to group chemicals
iInto chemical categories according to different measures of

Asimilarityo.

ADetaiIed information about grouping chemical (Chapter 4) could
be found i n document nManual for G
OECD website:

http://www.oecd.org/chemicalsafety/risk -
assessment/theoecdgsartoolbox.htm
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QSAR TOOLBOX

Basic guidance for category formation and
assessment

Suitable categorization phases:

1. Structure -related profilers
2. Endpoint specific profilers (for sub -cat)
3. Additional structure -related profilers, if needed to eliminate dissimilar

chemicals (to increase the consistency of category) (e.g. chemical
elements)

Performing categorization:

=

The categorization phases should be applied successively

2. The application order of the phases depend on the specificity of the data
gap filling

More categories of same Phase could be used in forming categories

Some of the phases could be skipped if consistency of category members is
reached

B W

Graphical illustration of suitable categorization phases is shown on next
slide
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QSAR TOOLBOX

Suitable Categorization/Assessment Phases*
Phase I. Structure based

Broad grouping

US EPA Categorization : »
Endpoint Non-specific

OECD Categorization
Organic functional group
Structural similarity
ECOSAR

T> J> T T T

Repeating Phase | due to Multifunctionality of chemicals

Phase II. Mechanism based
Subcategorization

DNA binding mechanism Endpoint Specific
Protein binding mechanism
Genotoxicity/carcinogenicity
Cramer rules

Verhaar rule

Skin/eye irritation corrosion rules

To Too T To Do Do

Metabolism accounted for

Phase lIll. Eliminating dissimilar chemicals
Subcategorization

Apply Phase IT for structural dissimilarity _ -
Endpoint Specific

Filter by test conditionsi for Biological dissimilarity

*Another general approach for development of categories for acute aquatic tox endpoints are summarized in document
iStrategies for grouping chemicals for data gap filling for acute “aquat



QSAR TOOLBOX

Category Definition
Grouping methods

A For this example, specific classifications of target and its tautomers are identified
by the following profilers: US -EPA, MOA of action and ECoSAR (phase 1)

A For this example analogues identified by US -EPA New chemicals category are used
for further data gap filling

A Subsequent search of analogues is applied over the set of tautomers having same
categories as those of the target tautomeric set

Category definition is a tool for grouping chemicals, which allows to group chemicals based

on different measures of Asimilarityo. For more ¢
website:

http://www.oecd.org/env/ehs/risk -assessment/theoecdgsartoolbox.htm

http://superhosting.oasis -lImc.org/products/software/toolbox/toolbox - support.aspx

Also we strongly recommend training exercises. For more details see:

http://www.oecd.org/env/ehs/risk -assessment/theoecdgsartoolbox.htm
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QSAR TOOLBOX

Category Definition
Side -bar of US -EPA New chemical categories

AUS-EPA has been used by the U.S. Environmental Protection
Agency to predict the aguatic toxicity of new industrial chemicals

In the absence of test data

AUS- EPA include classes of chemicals for which sufficient
regulatory history has been accumulated

AﬁCI assificaERPAMN ibry tUse Tool box i s
chemicals by structural similarity which may have mechanistic
meaning. Experience has shown US -EPA to be a robust profiler
which makes it a logical choice in an initial profiling scheme.

15.07.2016 34

The OECD QSAR Toolbox for Grouping Chemicals into Categories



QSAR TOOLBOX

Category Definition
Defining US -EPA New Chemical category

< )
)

Chemicals (in this case tautomers ) without identified toxic
category are classified as i Noctat e g o rThig s theé
reason to exclude this category from the set of searched

analogues .
1. Highlight i U-SEPA New Chemical Categories 0 3. Select M Noctat egori zedo
2. Click Define 4. Click arrow down to remove selected category
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