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Content

1. Introduction to in silico methods, focusing on QSAR approaches (such as models,
category/grouping, read across, TTC)

Tuesday 17.10.2023 — Marotta Room

9:00-10:00 Q&A Case studies of the previous day (Trainers: Dr. Emanuela Testai, Dr. Maura

2. Introduction to the QSAR Toolbox software: Manganell, Dr. Simona Scardala Scardala)

10.00 - 11.30 Introduction to in silico methods: QSAR, read across, TTC, and the related tools
(QSAR Toolbox) characterization (Trainers: Dr. Chiara Battistelli, Dr. Cecilia Bossa, Dr.

v general introduction (main functionalities) Olga Tcheremenskala

11.30-13.00 Presentation of tool functioning (Trainers: Dr. Chiara Battistelli, Dr. Cecilia Bossa, Dr.
Olga Tcheremenskaia)

v' step by step, with practical use of the tool 13001430 Lunch

14.30 - 16:30 Practical exercise on case studies, in working groups with QSAR Toolbox software
(Trainers: Dr. Chiara Battistelli, Dr. Cecilia Bossa, Dr. Olga Tcheremenskaia)

3. Practical exercise on case studies with

16.30—-17:00 Discussion of exercises

QSAR Toolbox software (in working
groups)
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Toxicologial studies
(for hazard identification)

/\>

& & Animal testing Alternative methods*

N vVivo assays (NOﬂ aﬂlma| mOde|S)

on testing mo

(computational or in silico)

 Speed-up number of evaluated chemicals
Save of money and time
imal welfare

Experimental models
(in vitro, ex vivo):
cells, organs, tissues or enzymes




(Q)SAR

(Q)SAR approaches [ i s

% Methodologies based on the concept that a property (such as toxicity) is a function of chemical structure
% Used to predict (physical chemical or (eco)toxicological) properties, on the basis of chemical structure (Known)

» QSAR models: quantitative structure—activity relationship models. Mathematical equation linking the
biological activity to chemical structure, identified by molecular-descriptors (i.e. physical chemical or other
molecular properties)

» SAR models: qualitative structure—activity relatips |p .

» Chemical grouping and categories: apprgz |ng Ffore than one chemical at the same time,
sharing similar characteristics and physje ch;&\or (eed)toxicological properties or following a trend, as
results of structural similarity **,

> Read-Across: technique used for filling at gdps by predicting endpoint information for one (or more)
chemical(s) (target chemical), using ¥ata-for the same endpoint from one or more similar substances (source
chemicals).

Threshold of Toxicological Concern (TTC): applied to derive a threshold for exposure, below which a toxic effect

on human health by the compound is not expected; based on databases on general toxicity

(**) Chemical similarity is not limited to structural similarity
but should consider factors that drive a given toxicity
and how these can be linked back to chemical properties or

(*) Structural alerts (SAs): functional groups or structural
features associated with a potential reactivity for a defined

endpoint i
T features, e.g. reactivity.”
. . “ . n . . . C;‘:i\‘gfirg@g /
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(Q)SAR models

» Local models: built on congeneric set of chemicals, i.e., chemicals with similar structure with the same
mechanism of action; generally more effective, but with a narrower domain of applicability (strictly
related to the set of chemicals used for the model definition)

» Global models: often implemented in software tools, ensure a broader applicability, to more than one
chemical class.

v’ Statistical-based: use machine learning techniques to associate structural features and chemicals
activity. These models are data-driven, without expert supervision.

v" Negative predictions are more accurate.

v Rule-based (expert system): recognition and codification of functional groups or structural
features associated with a potential reactivity for a defined endpoint (Structural alerts, SA). SA are
rarely defined by an applicability domain (absence of SAs, is not absence of toxicity, but a lack of
knowledge)

v' Hybrid: integrate both expert knowledge and statistically derived rules, trying to overcome
disadvantages of both approaches.

Structural alerts (SAs): functional groups or structural features associated with a potential reactivity for a defined

endpoint
EPJOQ\O /
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SAR models: the case of SAs for genotoxicity

1. Genotoxic carcinogens: DNA reactivity, direct or after
metabolic activation

2. The basis of the alerts: Miller? teory, electrophilic species
are able to react with nucleophilic sites in DNA

3. Ashby? compiled a list of SA (based on experimental data),

which if presentin a molecule, give it potential reactivity:

«  Direct acyls (acyl halides, B-lactones..) i
« Direct alkylants anq aziridines, lactones, nitrites, | 4, ch, -

-3 unsaturated carbonyls, simple-aldehydes, quinones..); |

« Indirect alkylating agents{mono-halogen alkene | _cH—cH
hydrazines...). & BN @

« Intercalants and forming adducts (PAHs, aromatic
hydrocarbons...)

*  Amino aryls that form adducts (aromatic amines, amides, ..)

An effective representation = the poly-
carcinogen (imaginary molecule)

Each SA codes for a chemical class ==m) specific mechanism of action

DEPARTMENT
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Mechanism of direct and indirect alkylants

Epoxide: Direct alkylating agent

CHEMIGEX.dOi.Org“ 0.1021/cr100222q | Chem. Rev. 2011, 111, 2507-2536
| REVEY |
( REVIEWS pubs.acs.org/CR
O

/\/DH
Nu Mechanisms of Chemical Carcinogenicity and Mutagenicity: A Review
C with Implications for Predictive Toxicology

Nu

Romualdo Benigni* and Cecilia Bossa

Istituto Superiore di Sanita’, Environment and Health Department, Viale Regina Elena, 299 00161 Rome, Italy

Nu: DNA nucleophilic site

Mono halogen alkene: indirect alkylant
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Grouping of substances and Read-across

» Substances that have similar properties
may be considered as a group, or

Chemical 1 | Chemical 2 | Chemical 3 | Chemical 4 categorv

SHUCIUrE | 0000000 | J00COKICK | X00000XX | 300000000 « |f we have data for one, or more
— chemicals ( ), they can

@ O @ O - .

= o SARIRead-across  ha read-across to fill the data gaps for

Property 2 ®e — O O &= @ Interpolation substances with no data (target
Property 3 O &= © ® = O Extrapolation substance) C .
R  Structural similarity is a pre-requisite (for

. w O . O SARIRead-acress any grouping and read-across approach).
Activity 2 e — O 0O &= e nterpolation  *  Similarities may be due to different
Activity 3 & o o - , factors such as:

a RN - common functional group;

e common precursors and/or common
breakdown products

« constant pattern in the changing of the
potency of the properties across the group

e Existing data point © Missing data point
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Grouping /category and Read-across

1 Extrapolation iegony botitly Category approach: chemicals sharing similar
‘ characteristics and (eco)toxicological
Interpolation properties are grouped together. The
assessment concerns the category as a whole
o because data gaps may exist for different
E category members and different endpoints.
>
g z‘gsggzﬁ il Analogue approach: assessment of one
specific chemical, using for the prediction
experimental data from others (one or more)
similar substances
Category
approach Trend analysis is a method of predicting
> toxicity of a chemical by analyzing toxicity
Descriptor value trends (increase, decrease, or constant) of
@ Source chemicals @ Target chemical @ Target chemical tested chemicals.

Source chemicals: substances with experimental data, considered similar to the target

Target substance: substance to predict (with no experimental data) _ ) _
Raies and Bajic, 2016, doi: 10.1002/wcms.1240

Training School “Risk assessment approaches for water T&0", Rome, 16-18/10/2023 Chiara L Battistelli

4 : % é DEPARTMENT
) § \ ENVIRONMENT AND HEALTH



Threshold of Toxicological Concern (TTC)

» Pragmatic approach used in risk assessment, in the absence of chemical-specific toxicity data

» Used to derive a threshold for exposure, below which a toxic effect on human health is not
expected

» Based on a general toxicity database (for oral exposure)*

» Used in some regulatory framework (such as EMA, FDA, EFSA, ECHA, SCCS, ...) if exposure is
low

» TTCis not strictly a QSAR approach, but a non testing methods which uses structure-activity
relationships

Domain of applicability:

» Applicable to organic compounds with known chemical structure

> Not applicable (or recommended) to high potency carcinogens and highly bioaccumulating
substances, inorganics, metals, metal containing compounds, polymers, proteins,
nanomaterials...

*Munro et al 2008; Kroes et al 2004; Batke et al 2021
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TTC: procedure

1) The first step is to assess the genotoxicity by

evaluating all available data, and/or applying (Q)SAR Is there a genotoxic concern?
approaches in a WoE (Weight of Evidence Approach:

integration of different source of data, experimental YES NO

and estimated data, with an expert supervision)

2) For the potential DNA-reactive mutagens the TTC=0.0025 pg/ke/d Appchriggrn .
TTC value of 0.0025 pg/kg/d (0.15 pg/person/day) (0.15 pe/person/d) Classification

Is considered

3) If No genotoxic concern is assigned, to the
substance, the Cramer classification scheme is
applied

Munro et al 1996; Kroes et al 2004; Batke et al 2021

q\vERJO/@
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Cramer classification scheme
» Decision tree is used to categorize non genotoxic chemicals
> Thg origipal Cramer. decision trele.cor?sists of “YES" or ’TN_O” questions or
rules (including extension and modification respect the original scheme)
» The answer to each question leads to a final Cramer classification for the
chemical in one of three classes:

v’ Class | — low toxicity TTC Application of
v' Class Il — intermediate toxicity 0.0025 pg/kg bw/day Cramer
v Class Il - high toxicity _— together (0.15 ng/person/day) Il Classification

» Once the Cramer class is determined, a corresponding TTC threshold is
chosen: if the chemical is below the TTC threshold, the toxic effect on
human health is not expected

» QSAR Toolbox can be used to assign the Cramer class Class | Class II-1ll
(original and extended version) 30ug/kg bw/day 1.5ug/kg bw day
» Itisacrucial step because the interpretation of each rule may
vary
v’ expertjudgment is often needed *Cramer et al., 1978; Munro et al 1996
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In which regulatory framework (Q)SAR can be used?

Cosmetics:
Regulation (EC) N
1223/2009 SCCS
safety evaluation of
cosmetic ingredients
(SCCS1647/22)

Pesticides: Pane
Plant Protection
Products and Their
Residues

ropean Food Safety Authority

EUROPEAN MEDICINES AGENCY

Evaluation of the applicability of existing (Q)SAR models for predicting the

SCIENCE MEDICINES HEALTH genotoxicity of pesticides and similarity analysis related with genotoxicity
O of pesticides for facilitating of grouping and read across
]
P h a rm ace u t I ca I S L] mualdo Benigni*, Chiara Laura Battistelli==, Cecilia Bossa**, Alessandro Giuliani*=, Elena
anzo***, Arianna Bassan==+, Majca Fuart Gatnik===, James Rathman*=+=, Chihae m
Assessment and control o e O Tt

Scientific Committee on Consumer Safety

REACH (EU Regulation on the Registration, sees
Evaluation and Authorisation (restriction) of
Chemicals). In silico models can be used for:
» Risk assessment

» C(Classification

> Prioritization MECHA
e

Training School “Risk assessment approaches for water T&0", Rome,116-18/10/2023 Chiara L Battistelli © & o;g g ENVIRONME

of DNA reactive (mutagenic)
impurities in pharmaceuticals

CCSMETIC INGREDIENTS AND THEIR SAFETY EVALUATION

12™ REVISION

‘ Scientific Committees

on Carmasmer Safety
1

EUROPEAM CHEMICALS AGENCY

ENVIRONMENT AND HEALTH



REACH: EU Regulation on the Registration, Evaluation and Authorisation
(restriction) of Chemicals

» Industries are responsible for the safe use of the chemicals they produce or import

» Hazard identification of substances is the starting point: all the information are needed to
be reported in registration dossiers (IUCLID format).

» The higher the tonnage, the more information is required.

> Reach requires vertebrate testing as a last resort and provides and promotes:
v' Data sharing
v" Use of alternative methods, such as (Q)SAR, Read-Across e chemical categories
Annex Xl reports criteria for (Q)SAR regulatory acceptance (reliable results, fit for
purpose, adeguate justified)

To increase the use of in silico methods, improving their regulatory
acceptance, ECHA and OECD have funded the QSAR Toolbox software

>
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QSAR Toolbox

The OECD QSAR Toolbox

QSAR TOOLBOX [ o
s* The QSAR Toolbox is a free software
application that supports (eco)toxicologists
in performing reproducible and
i OEC ich=Y= [=
transparent chemical hazard assessment @IOED| MECHA
. using non-animal methods. WHAT IS THE QSAR TOOLBOX?
“ ECHA e OECD are co-owners (Ver 4.6),
The Toolbox is a free software application that supports
d eve l 0 pecl (IT) an d m anaged b\/ <« Lab 0 rato r\/ reproducible and transparent chemical hazard assessment.
Of M ath e matl Cal C h em |Str\/ 55 (L M C) It offers functionalities for retrieving experimental data,
. simulating metabolism and profiling properties of chemicals.
’:‘ \Ne bSlte: WWW.J Sartoo | bOX, org These information and tools can be used to find structurally
. . - . and mechanistically defined analogues and chemical categories,
** Reso urces: tUtO r|a|S, man Uals, we b | nar, which can serve as sources for read-across and trend analysis

helpdesk (on line support), forum (public P2OEOY, 4
discussion), ontologies
https://gsartoolbox.org/support/

>
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http://www.qsartoolbox.org/
https://qsartoolbox.org/support/

QSAR Toolbox: management and contributors

Supporters or donors
(data, profilers and experience)

v" ECHA/QECD: co-owner and co-developer = OECD = EFSA
= ECHA = Univ of California
v LMC: developer, under the OECD and ECHA umbrella e R
., . = EURLECVAM = L'Oreal
v LMC/ECHA/OECD: "QSAR Toolbox Coordination - USEPA - DuPont
n” =  Environment Canada = Givaudan
GI’OUP = Health Canada =  Dow chemicals
I " . . = NITE] = BASF
v' "QSAR Toolbox Management Group": coordination - NIES Jupan C EvorViohil
group + experts from industry, authorities , NGOs = Danish EPA = 3M
= UBA Germany »  Firmenich SV
- = NICNAS Australia =  SRC, Syracuse
v" Discuss, approve and test software developments . DEWNA Auctrala = Unilever
. . . . . -w‘algb =  Multicase
/ Thlrd partles Cont”bute Wlth data, prOfller and [ Fraunhofer German\/ = (ChemAxon
i =  BfR Germany = ECETOC
experience =  Ministry of the Envir = Mario Negri (Milano)
. . J =
v' Excellent collaboration between such different . GPHT\‘NJapan
entities, such as academic, regulatory and industrial " INERIS

~
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Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023 Chiara L Battistelli t:“ % o;ﬁ § T T T T R
@ P&



QSAR Toolbox: helps reduce animal testing

“ Prevent duplication of animal tests: when high quality data are found, there is
no need to duplicate the test.

» Intelligent testing strategies: by forming categories and identifying data gaps,
iInformed testing strategies can be designed to optimize costs and number of
animals required.

% Predict toxicity using a category approach: the Toolbox results can be used for
data-gap filling and as supporting evidence for read-across cases.

% Sustainable development and green chemistry: the toxicity of substances can
be predicted even before they are produced, facilitating sustainable product
development and green chemistry

>
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QSAR Toolbox: what is the users expertise?

» IT Tecnhical Skills: decreased in recent versions, because of the simplified User
Interface o Automatic workflow

»> Expertise in Toxicology: in risk assessment procedure and in the endpoints to predict
(e.g. data quality assessment)

» Expertise in organic and computational chemistry: to justify and interprete similarity
between analogues, to evaluate the QSAR prediction,...

About Features Resources| Support @ Developers Repository fDownioad | % Q

Support section

Manuals Tutorials Ontologies Need More Help

https://gsartoolbox.org/support/

Manuals (installation and user manuals), tutorials (training), ontologies (Controlled toxicological vocabularies and
interrelations), more help (helpdesk)...

»
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QSAR Toolbox: support

About Features Resources Support /Developers Repository [Downioad =% Q

Manuals Tutorials Ontologies Need More Help

About Features Resources Support Developers Repository ‘Download: + Q
About Features Resources Support ~Developers Repository FDownioads + Q

Ontologies  Need More Help
Tutorials Ontologies Need More Help

Toolbox 4.6 Release Notes Webinar by OECD & ECHA: QSAR Toolbox Version 4.0 Features

Toolbox 4.6 Installation Manual

[ HELPDES

OECD QSAR Toolbox training

Toolbox 4.6 Multi-User Server Manual

[ o Predicting SS by making use of read-across

‘ Predicting AMES by making use of read-across

Toolbox 4.6 Getting started - Quick reference guide

https://gsartoolbox.org/

»
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QSAR Toolbox: download

Repository, fDownload, + Q

Developers

Features Resources

INSTALLATION PACKAGE

version 4

QSAR Toolbox Installer v.4.6

The OECD QSAR Toolbox
= thing Chemicals DOWNLOAD INSTALLER

QSAR TOOLBOX

RELEASE NOTES

@asis

@)OECD WECHA

lllllllllllllllllllllll

https://gsartoolbox.org/ Registration to the web account is required

F¥RIO%,,
Chi L Battistelli E;?\ ']:Aé% ‘ DEPARTMENT
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o 3 &
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QSAR Toolbox: interfaces

v Simplified user interface*: Easy to use
but | imple functionalities®
lassical user interface*: Main interface.
Includes all functionalities but needs
training.

v" Web client: Latest interface. Runs on all
operating systems

*Only runs on Windows

QSAR Toolbox Version 4.6, 2022

Start with:

SUl

New QSAR Toolbox interface
¢ | Simplified User Interface developed to perform basic tasks in

a simplified environment

The classical QSAR Toolbox interface
with full functionalities

. Classical User Interface

M Remember the choice

After you select one of the interfaces from above, you can still switch
between the two options later within the Toolbox

Training School “Risk assessment approaches for water T&0"”, Rome,;16-18/10 2023

Modules on principal workflow

: : 10100 g =
)

The OECD QSAR Toolbox
for Grouping Chemicals
into Categories

QSAR TOOLBOX
» Input P Profiling P Category definition P Data Gap Filling

<

Data Import Export Delete

oo a m m % a

Gather Import  IUCLID6 IUCLID6 Database Inventory Developed by LMC, Bulgaria

Y |1 [target]

fructure Py, /@/J\

° Databases [=WStructure info
Options 57 Selected B L1 yditional Ids

Select All Unselect All Invert

[~ ] Documents

&% Document 1
# [C: 1;Md: 19;P: 0] CAS: 122043

EC Number:2045174

i - 122-04-3
Physical Chemical Properties CAS Number i .
Chermical Reactivty COLIPA [ CAS-SMILES relation High
ECHA REACH H— Chemical name(s) 4-Nitrobenzoyl chloride
H— Composition
— Molecular formula CTH4CING3
° Inventories H— Predefined substance type Mono constituent
Options 4 0Selected 8 W gyiies [O-]IN+](=0)cT cee(ec)C(C =0
Select Al Unselect Al S
B Canada DSL ~ . . . s
B COSING Physical Chemical Properties 1/1 M:75°C
Il DSSTOX Environmental Fate and Transport D ata | l |atr|X
W ECHA PR Ecotoxicological Information 1/3 [M: 5 ppm - e

SSEEOke y
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QSAR Toolbox: Simplified user interface (SUI)

Simplified User Interface — X

Navigation panel
Define goal

Input chemical Help panel

Select your goal

The simplified user interface facilitates

Collect data the execution of conceptually simple
. . L o Please start by tasks within the Toolbox.
With the simplified e
Input a chemical and, if relevant, a

chemical. target endpoint. Then, choose one of

user interface the

Apply profiling
Collect data

u S e r C a n : Define "All data” — collect all data available

for the target chemical from all

databases
o C O | | e Ct d ata Target Endpoint “Specific data” — requires selection of

Select (optional) endpoints for which data to be
collected. The desired endpoint could

® A p p | \/ p rOfi | i n g Find analogues be either defined as a target endpoint

or selected from the endpoint tree

. position. Based on this selection the
L] F I n d a n a | O g u e S relevant databases are displayed.
Apply profiling
“All profilers” — applies all profilers for
the target chemical
“Specific profilers” — requires selection
of profilers for application from the
list with all profilers. If the target
endpoint is defined, this selection is
controlled by the defined target
endpoint (e.g. for a defined target
endpoint related to EC3/LLNA/Skin
sensitization, only the relevant to this
endpoint profilers will be selected).
“With metabolism” — requires
selection of profilers and metabolic
simulators which to be applied in
combination. If target endpoint is
defined, this selection is controlled by -

>:

Training School “Risk assessment approaches for water T&0"”, Rome,;16-18/10/2023 Chiara L Battistelli

2~
o DEPARTMENT

£ X ENVIRONMENT AND HEALTH

SN



QSAR Toolbox: key functionalities

01010
QSAR TOOLBOX | l‘I‘l 10100

P Input P Profiling P Data P Category definition » Data Gap Filling

The Toolbox consists of a logical and sequential workflow, with the following modules:
1. Input: starting point and provides different ways to specify the identity of the target substance and the
property under consideration.
2. Profiling: contains the knowledge coded in profiling schemes (profilers). The profilers identify the
affiliation of the target chemical(s) to categories (functional groups/alerts), and include observed and
simulated metabolism and transformation
3. Data: include all the data of TB databases. Data can contain chemical information (CAS, name, SMILES),
experimental data and supporting information (metadata)
4. Category definition: used to group chemicals into a toxicological category, according to structural or
mechanistic similarity, to be used in read-across or trend analysis
5. Data Gap Filling: used to fill a data gap using data from analogues with trend analysis, read-across or
existing QSAR models.
6. Report: produce a report for prediction, export the chemicals on the data matrix and related information

Modules do not necessarily have to be used sequentially
»I
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QSAR Toolbox: keywords

Target chemical: chemical of interest

Module: section dedicated to a specific action and option (6 modules: input, profiling,...)

Workflow: the use, in combination, of the different modules (prediction workflow, from input to

report)

v" Profiler: algorithm (rules set) for the identification of specific features of the chemicals:
structural (i.e. organic functional groups), general mechanistic (i.e. protein binding by OECD),
endpoint specific (i.e.in vitro mutagenicity alerts by ISS)

v Category: group of substances sharing the same characteristics (e.g. same functional group or
mode of action). In a typical Toolbox workflow it consists of the target chemicals and its
analogues gathered according to the selected profilers

v Endpoint tree: branched tree scheme, from a broader level (Phys-Chem prop, Environmental
fate and transport, Ecotoxicology, Human Health) to a more detailed one (e.g. in vitro or in vivo
assay, species and other metadata)

v Data matrix: table reporting the chemical(s) and data (experimental results, profilers outcomes,

preditions). Each chemicals is in a different column, each data in a different row

A NEANERN

>
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QSAR
Toolbox

1. Target chemical
2. Module

3. Workflow

. Profiler

. Document tree
Category

. Endpoint tree

. Data matrix

©NOUU

>:
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QSAR TOOLBOX

Profiling Custom profile

o %I

Apply Miaw New Delet=

° Documents
% Document 1
# [C: 1;Md: 10;P: 0] CAS: 122043
O [C: 4;:Md: 60;P: 0] Acyl halides<AND=Nitro
4 [C: 4;Md: 60;P: 0] Enter GF(RA)
L [C: 1;Md: 19;P: 0] Select from: Enter GF{RA)
[T I'C: 4;Md: 60;P: 01 Acvl halides<AND=NilkS

° Profiling methods

Optichs 4 5 Selected]
f Select All Unselect All Invert |

B Biodegradation probabiity (Biowin 6)
B Biodegradation probabiity (Biowin 7)
B Biodegradation ulimate (Biowin 3)
DNA binding by OASIS

DNA binding by OECD

° Metabolism/Transformations

Optiops « OSeIected
f Select Al Unselect Al | Invert |

B Documented
B Observed Mammalian metabolism
B Obs d Microbial metabolism

B Observed Rat In vivo metabolism
. Ry T B .

—

J sl

Sl _aa_ac

P Profiling

2. Modules and 3. Workflow

10100

P Category definition P Data Gap Filling

Xase ol

e
Y~

The OECD QSAR Toolbox
for Grouping Chemicals
into Categories

Developed by LMC, Bulgari

Filter endpoint tree...
1. Target chemical 3 -
Structure ~ ,@A” ", '[Qlﬂ
Physical Chemical Properties 3/4 M:75°C M: 74 =C
Environmental Fate and Transport
Ecotoxicological Information 1/3 M: 5 ppm .
(] Human Health Hazards .
Acute Toxicity 2/2 M:5,6E+03 mg/kg
ADME .
— Bicaccumulation .
— Carcinogenicity .
—— Developmental Toxicity / Teratogenicity .
T Genetic Toxicity .
=l in Vitro
=] Bacterial Reverse Mutation Assay (e.g...
=] Gene mutation
=] Salmonella typhimurium
Na 59 Info 4M M: Positive M: Positive
With 59 4/ M: Equivocal . M: Positive
Without S9 4/47 M: Negative . M: Negative
7. Endpoint tree

M: Negative

. M: Equivocal

Chiara L Battistelli

9 O
L L T
M: 36 °C

M: 3,91E+03 mg...

8. Data

——
matrix
M: Positive
. M: Equivocal
. M: Negative
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OECD QSAR Toolbox: input

The users are able to:

v" Open a new or already saved document

v" Close or save the current document

v" Load a single target chemical — by CAS, Name, Structure, SMILES* or drawing (including mixtures), select

from a file

Load a list of chemicals — database, inventory, custom file

Customized search — searching chemicals and/or data within the Toolbox databases. One or more than

one criteria combined with logical operators (AND, OR, NOT) could be used.

v" Search in IUCLID databases — searching chemicals within the IUCLID databases imported in Toolbox. One
or more than one criteria for the composition (e.g. impurity, additive) of the searchable substances could

v
v

be defined. *SMILES notation: string representation of a molecule (Simplified Molecular Input Line Entry Specification)

r|'| 01010
QSAR TOOLBOX @ Tla E rI‘l s %

* Input * Profiling * Data F Category definition  ® Data Gap Filling * Report

Document Single Chemical Chemical List Search Target Endpoint

B8 XE@ EwWm- § &6 »m. EEE- H ¢ ¢ O

Mew Open Close Save CAS# MName Structure Composition Select ChemlDs Database Inventory List Substructure (SMARTS) OQuery  IUCLID search Define

e

Kyt

Training School “Risk assessment approaches for water T&0"”, Rome,;16-18/10 2023 Chiara L Battistelli - ;
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QSAR Toolbox: input from
the CAS

=) Search by CAS#

122043

Search

Select Al |

Unselect All

|| Invert Selection | Selected 1 of 1

CAS
SMILES
CS Relation

Target chemical:
4-nitrobenzoyl chloride (CAS 122-04-3)

Substance

Tdentity

g

Sources

122-04-3
[O-][N+](=0)cleec(ccl)C(CN=0
High

Mono constituent

Sources:15

4-Nitrobenzoyl chloride;Benzoyl chla

ATIC
Canada DSL
NESTON

01010
J._I—l 20100
10100

» Data Gap Filling

=

» Report

QSAR TOOLBOX

P Input * Profiling P Category definition

Document The OECD

B & X

MNew Open Close

Single Chemical

=5 B W - ¥ &

CAS#

Chemical List

Database Inventory List

Search

k| ¢ ¢

Substructure (SMARTS) Query IUCLD search

Target Endpoint

Define

for Groupi

into Cateq

Save Mame  Structure Composition — Select ChemlDs

Develope:

POk

Chiara L Battistelli © &

Training School “Risk assessment approaches for water T&0"”, Rome,;16-18/10 2023
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QSAR Toolbox: input (reliability of the target identity)

CAS-SMILES relation indicates the
reliability of the target identifier

= High: This label is assigned if the chemical
belongs to at least one high quality data
source (database or inventory)

= Moderate: The moderate label is assigned
if the chemical belongs to three or more
sources with unknown quality (marked with
“Distribute to QA”).

= Low: This label is assigned if the chemical
belongs to less than three, but at least one
source with unknown quality ("Distribute to

QA").

>:

Training School “Risk assessment approaches for water T&0"”, Rome,;%6-18/10 2023 Chiara L Battistelli -

; Y Y
r|n
QSAR TOOLBOX C) Tla 5 10100

P Input » Profiling » Data P Category definition » Data Gap Filling » Report

Document Single Chemical Chemical List Search Target Endpoint

B & X 2 m . § 6. B EE H ¢ O

New Open Close Save CAS# Name Structure Composition  Select ChemIDs Database Inventory List Substructure (SMARTS) Query Define

° B Filter endpoint tree...

% Document 1
/@/go
Structure
O\\\‘ 1

# [C: 1:Md: 0;P: 0] CAS: 122043

B Structure info ]
— Additional Ids EC Number:2045174
—— CAS Number Q4-3

—— CAS-SMILES relation w

—— Chemical name(s) 4-NitrobenzoyMeRlgride
—— Composition

—— Molecular formula C7THACINO3

— Predefined substance type Mono constituent
— SMILES [O-]IN+]{=0)cTcec(cc)C{CN=0
Parameters

Physical Chemical Properties CAS-SMILES relationship show

Environmental Fate and Transport

o EcotoxicologicalInformation _ “High” relation for the target:
good quality

¥

e
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QSAR Toolbox: input

** The user can search the chemicals

based on:
% CAS
“* name
“ drawing the 2D Structure (2D editor)
¢ pasting or drawing the SMILES or
InChl
% A given property (selecting DB)
% Subfragment (using SMART)
“ Profilig results

SMILES: Simplified Molecular Input Line Entry System
InChl: International Chemical Identifier

SMART: SMiles ARbitrary Target Specification, extension of SMILES code

>:

=) 2D Editor

&

——

SMILES,IInchI | C1=C(C=C{C=C1CI)C)[NH]CC

II% G OBE OEN

HHHHEHEEDDD

CH3

NP

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10 2023
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QSAR Toolbox: Input (Define target endpoint 1)

Endpoint of interest can SRR TOOLEDY

b e S p e C i fi e d I d u ri n g th e Document = Single Chemical Chemical List Target Endpoint
R & X mm- § &.2 8 =5 E. ¢ Ea

.
I n p ut New Open Close Save C Name  Structure Composition  Select ChemlIDs Database Inventory List Substructure (SMARTS)  Query Define
? 1 [target]

Filter endpoint tree...

° Documents
&% Document 1
# [C: 1;Md: O;P: 0] CAS: 122043
# [C: 1:Md: O;P: 0] CAS: 122043

| Select endpoint *

Filter: ” || Close |

> Physical Chemical Properties
0 I Environmental Fate and Transport
D;E " I Ecotoxicological Information
n 4 Human Health Hazards
L' Acute Toxicity
I ADME

The most relevant
profilers and databases
will be highlighted with
different colors.

Structure

Bioaccumulation
AT e xicity / Teratogenicity

Parameters Genetic Toxic'\

Physical Chemical Properties

Environmental Fate and Transport liritation ’I Corrosion
Neurotoxicity

Photoinduced toxicity

Human Health Hazards g Repeated Dose Toxicity

Sensitisation

ToxCast

Toxicity to Reproduction
I Toxicokinetics, Metabolism and Distribution

[ nee |

Ecotoxicological Information

>:

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10 2023 Chiara L Battistelli ‘:j: J:
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OECD QSAR Toolbox: Input (Define target endpoint 2)

1. First click on Endpoint and select the endpoint ) select endpoint X
from the drop-down menu (e.g. “Genetic toxicity in - o Feath ezarcs
vitro")

2. Next select Type of method (e.g. " In Vitro”)

3. Then consecutively select other metadata: Select

"Strain”, “Metabolic activation”, “Test organ —

. "
(S pec I es) Type of method N inVitro v
LI-. Flna”\/ Clle On F|n|Sh Test type n |BaclerTaIRewerseMu... =
—— Carci icity Test organisms (species) ] | v

-] Genetic Toxicity metadata fields:
=] in Vitro

<

Strain | |

L Developmental Toxicity / Teratogenicity . Metabolic activation R | With and Without “|| Selection of additional

(=] Bacterial Reverse Mutation Assay (e.g.... Endpoint n | genetic toxicity in vitro ¥
=) S. typhimurium TA 1535, TA 1537,...
(=] With and Without

genetic toxicity in vitro

e . o

e ledlbatlaa [ Facsanalaw |

Clear H Remave ‘

Decision tree is expanded and the row is yellow _
e [ Bak |[ Foen |

;ﬂgERIO/@

g
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QSAR Toolbox: Profiling

» Profiling: contains the structural or mechanistic knowledge of the target, coded in profiling schemes
(profilers), but not (experimental, (eco)toxicity) data!)

> The profilers identify the affiliation of the target chemical(s) to categories (functional groups/alerts).
Mechanistic justification for the identified alerts is provided.

» The outcome of the profiling determines the most appropriate way to search for analogues, also useful
for screening or prioritization of substances

» The "Profiling” module contains also observed and simulated metabolisms/transformations, which
could be used in combination with the profiling schemes

» The most relevant profilers will be highlighted with different colors, based on the endpoint definition
(green or orange)

The profiler results are not a predictions and should not be used as such!

QSAR TOOLBOX @ FI'l Ei:g % [~

ks (&1

P Input P Profiling P Category definition P Data Gap Filling

Profiling Custom profile The OECD QSAR Toolbox

for Grouping Chemicals
M Q into Categories
wveloped b C, Bulgan:

Apply View New Delete

DEPARTMENT

. Lo Sk
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QSAR Toolbox: Defining the endpoint

» Coloring of the databases
[ | Database

Database contains experimental data for the target (selected) endpoint

» Coloring of the profiling schemes/metabolic simulators

[ Suitable profiler/metabolic simulator
Profiler/metabolic simulator is suitable to be used for the target (selected) endpoint

[ | Plausible profiler/metabolic simulator
The profiler/metabolic simulator could be used for the target (selected) endpoint

* Colors in the Data matrix

| | Target endpoint
The row corresponding to the target endpoint is highlighted in yellow on the data matrix

[ ]| Suppeorting endpoint
The row corresponding to supporting endpoint is highlighted in pale yellow on the data matrix

»

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023
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OECD QSAR Toolbox: Profiling

» Structural profilers support the identification of
structurally similar substances.

» Maechanistic profilers provide an understanding of
the mode of action, which is key to predict the activity
of substances or to form categories based on the mode

of action.

» The results of the profilers in the Toolbox, include
descriptions and references to scientific papers to

explain the outcome

QSAR TOOLBOX

Profiling Custom profile

° 5% I

Apply View New Delete

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023

O

® Profilino

P Data

73!

P Category definition

e e e
| Profle
L Predefned

U5 PR Mew Chermcal Catogarien

1L Gemeral Mexhasistic

Proten bevdg by OASES

01010
01 0
10100

P Data Gap Filling
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OECD QSAR Toolbox: Profiling

» Predefined: include standard categorization schemes e.g. OECD HPV —
Chemical categories Proiing methods

> General mechanistic: consist of rules of general chemical characteristics 7. YT T
based on published or expert knowledge (e.g. DNA binding by OECD, I Gomcral Mechanisti
Estrogen Receptor...) Wm0

» Endpoint specific: consist of specific endpoint based on published or W Custom
expert knowledge e.g. in vitro mutagenicity (Ames test) by ISS o —

» Empiric: e.g. organic functional group US EPA, groups of elements Domons 4 L

> Toxicological: includes only one profiler, the repeated dose HESS » B Doimentsd

» Custom: schemes based on the user’s knowledge. Example Prioritization

Scheme (PBT)

QSAR TOOLBOX C) FI'l 1331:,:35 I%

P Profiling P Data P Category definition P Data Gap Filling

Profiling Custom profile The OECD QSAR Toolbox

for Grouping Chemicals
M m Q into Categories
D D C, Bulgan:

Apply View New Delete

o DEPARTMENT

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023 Chiara L Battistelli 5, :l ;* X EMVIRONMENT AND HEALTH

< #
RS



QSAR Toolbox: Profiling

1. Go to Profiling > T i =
QSAR TOOLBOX L

10100

m Od U | e rofiling » Data P Category definition P Data Gap Filling » Report
2. Select the name of o q B @

: 5 &
th e p rOfI | e r Apply View New Delete

3 . S e | e ct A b O ut ° B ES Filter endpoint tree...

& Document 1
# [C: 1;Md: O;P: 0] CAS: 122043
L|_ \ C | OS e b efo re # [C: 1;Md: O;P: 0] CAS: 122043 This profiler is based on the Mutagenicity/Carcinogenicity module of the software Toxtree. It works as a
decision tree for estimating in vitro {Ames test) mutagenicity, based on a list of 30 structural alerts (SAs).
proceeding

in vitro mutagenicity (Ames test) alerts by IS5

Short Description

The SAs for mutagenicity are molecular functional groups or substructures known to be linked to the
mutagenic activity of chemicals. As one or more SAs embedded in a molecular structure are recognised,
the system flags the potential mutagenicity of the chemical. The present list of SAs is a subset of the
original Toxtree list, obtained by eliminating the SAs for nongenotoxic carcinogenicity.

° Profiling methods
Options « 4 Selected
f Select All Unselect All Invert]| Aboutf Cptions
Plausible a
B Aquatic toxicity classification by ECOSAR
Wl Chemical elements

R e | evance DNA alerts for AMES, CA and MNT ¢ info | | g e

Structure

Il DNA binding by OASIS IR < The structural boundaries used to define the chemical classes (e.g. "Alcohol” - chemical class from “Organic
G re e n . m O re re I eva nt Il DNA binding by OECD Physical Chemical Properties functional group” profiler) or alerting groups responsible for the binding with biological macromolecules (e.g.
' "Aldehydes” - structural alert for protein binding), represent structural functionalities in the molecule which
. n vitro mutagenicity (Ames test) alerts by IS5 Environmental Fate and Transport could be used for building chemical categories for subsequent data gap filling. They are not recommended to
p rOfI | e rS B 11 VIVU HIULAYEI IOy UTIU UHUUEUS ) il Uy 190 Ecotoxicological Information be used directly for prediction purposes (as SARs).

W Lipinski Rule Oasis
Il OECD HPV Chemical Categories

M Organic functional groups Institute for Health and Consumer Protection, Joint Research Centre - European Commission, Ispra, Italy;

. . H Organic functional groups (1 ' Istituto Si iore di Sanita (ISS), Rome, Ital
Orange- pl&USlble prOfllerS, Organic functional groups (Lo Lray DTOaCCaTTUTa o . Stte Superiore L5ent (55), Fome, 2
. Organic functional groups, aider (checkm I —— Carcinogenicity
e I atecj INn some Wa\/ to th e — Developmental Toxicity / Teratogenicity Romualdo Benigni, Cecilia Bossa

end p0| nt =] Genetic Toxicity

] in Vitro
(] Bacterial Reverse Mutation Assay (e.g....
=] S. typhimurium TA 1535, TA 1537....

i<l Human Health Hazards
. A crsto Tonics Donator(s)

° Metabolism/Transformations

Options « 0 Selected

f Select Al Unselect Al
B Plausible ~

Website

. . . M Dissocation simulat {=] With and Without el alue
N Ot h I gh | Ighted : p rOfI | e r | HV:::;SEIIS:T::;m:r(HmaU genetic toxicity in vitro SNh typ Cf :
. . Il Observed Mammalian metabolism - Immunotoxicity Hc. eme .e ‘F|nt?ar- S — 1
M Observed Rat Liver 59 metabolism b
W I t h n O re | atl O n B Rat liver 59 n:etaboism si':tulator — Irritation / Corrosion . [
<
G‘:ﬁﬁm?/@o /
o_.q G 0 . o . o 1 = DEPARTMENT
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QSAR Toolbox: how to select the profiler?
| 3Cickepply |
Several approaches can be taken to identify

the profilers to be applied: QSAR TOOLBOX

P Category definition P Data Gap Filling

Custom profile

1) choose ’Fhe_ most appropriate ones_from 2 & R
mechanistic and/or structural profilers '

° Documents Filter endpoint tree...

& Document 2
o)
Structure o ./©/§
Filter: |

# [C: 1:Md: 0:P: 0] CAS: 122043
—%netic Toxicity
Plausible Gene mutation

W OECD HPV Chemical Categories —— Immunotoxicity
I US-EPA New Chemical Categories —— Irritation / Corrosion

3) choose from the list in blue (unguided) B ety

M Organic functional groups (US EPA) Bliote nduceditoxidity

? 1 [target]

2) choose the relevance for an endpoint (e.g.,
in vitro mutagenicity alerts by ISS), also
with the help of orange/green colors

Vi

6=,

° Profiling methods
Options 4 4 Selected
f ] | Invert

| | Close |

Select All Unselect All

M Organic functional groups, Norbert Haider (checkmol) — Repeated Dose Toxicity d
. . . HiLp Oasis —— Sensitisation AW SWAOP
In the matrix the result of applying the profilers =

IS reported

|ﬁ Profiling
—-] Endpoint Specific

n
anic functional groups
LRV ik mAnmict (Micramoslane Y sladke b TCC
Carcinogenicity (genotox and Afyl halides (_Genutox)
= i nongenotox) alerts by 1SS Nitro-aromatic (Genotox)
fansiEd e Radical
nve

DNA alerts for AMES, CA and MNT by . . . I,
— OASIS Radical => Radical mechanism via ROS formation (indirect)

Il Plausible
I Dissocition simulator in vitro mutagenicity (Ames test) alerts  ~C¥l halides
M Hydrolysis simulator (neutral) by ISS Nitro-aromatic

M in vivo Rat metabolism simulator

M Observed Mammalian metabolism Acyl halides
;‘\‘ER-[O/\)@
o o Py, ” Ch- L B . "- _;9?l :l: < / DEPARTMENT
Training School “Risk assessment approaches for water T&0", Rome, 16-18/10/2023 e~ R S ENVIRONMENT AND HEALTH
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QSAR Toolbox: Profiling,
metabolism/transformation

Toolbox can take metabolism into account:

» 5 Databases with observed metabolism (experimental)
> 11 Metabolism simulators (biotic and abiotic)

A screening to all the

metabolites for their potential

hazard

» Applying the profilers

» Searching through Toolbox
databases

>:

o Metabolism/Transformations
Options 4
f Select All

Bl Documented
B Observed Mammalian metabolism
M Observed Microbial metabolism
B Observed Rat In vivo metabolsm
I Observed rat iver metabolism with quantitative d:
B Observed Rat Liver 59 metabolism
B Simulated
B Autoxidation simulator
B Autoxidation simulator (akalne medium)
B Dissociation simulator
M Hvydrolysis simulator (acidic)
M Hydrolysis simulator (basic)
M Hvydrolysis simulator (neutral)
in vivo Rat metabolism simulator

0 Selected

Invert

Unselect All

3 metabolite(s)

SR o bial metabolism simulator
at iver 59 metabolism simulator

Filter endpoint tree.

& Profile

&1 Metabolism/Transformations

| Observed Rat Liver S9
metabolism

3 metabolite(s)

2m

No CAS number

an metabolism simulator

L Rat Liver S9
simulator

, automerism
o
| Save to smi
2 metabolite(s) = o X
il
© o
=

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023
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QSAR Toolbox: Data

» No need to perform new experimental ---

studies if the mformatlon.ls already (publicly) ayaﬂable Physical chemical 50 642 539 949
» Toolbox includes experimental data on chemicals from  properties
62 databases, including 100,000 chemicals and over 3 ]'fntvirondmenta' 15356 [RAREE]
gy . date an
million data points transport
» Experimental data from analogues can also be used Ecotoxicological 23 137 1349 467
for read-across predictions information
. . . : . Human health 45 904 1263995
> Inventories: chemicals with ID information, and no hazards
experimental data Total number 135 039 3025 272

» Data quality cannot be guaranteed, as data curation is
the responsibility of the donor

r r r r (W] h # @

Tia E 01010 X8
QSAR TOOLBOX C> l_I_l Emnn =
-

Data Import Export Delete The OECD QSAR Toolbox
for Grouping Chemicals

% m m % a into Categories
o—o

Gather Import  IUCLID® IUCLIDE Database Inventory Developed by LMC, Bulgaria

P Input P Profiling P Category definition P Data Gap Filling

g o DEPARTMENT
; \ ENVIRONMENT AND HEALTH
SN

Training School “Risk assessment approaches for water T&0”, Rome, 16-18/10/2023 Chiara L Battistelli '3; %



QSAR Toolbox: Data

Database can be selected for:
- Search analogs for data gap filling
- Search data for one or more substances

Filter endpoint tree... 7 1 [target]
I
—_— — Unselect All
l+l g::; Physical Chemical Properties
Chemical Reactivity COLIPA Structure
P Category Geftion P Outa Gap Fileg ECHA CHEM HBC\,
Experimental pKa
Gather data from the GSH Experimental RCS0 OH
Delete custom Phys-chem EPISUITE
selected database(s) for the . . ¥ pKa OASIS
> S database(s)/lnventory(|es) Environmental Fate and Transport s =
chemicals on the data matrix O Dot I Bioaccumulation Canada e D
i - + Exportdata from Bioaccumulation fish CEFIC LRI Parameters (5] = m] X
mport custom Bioconcentration NITE Physical Chemical Properties 131 M:4.24
P z IUCLID to Toolbox Biodegradation in soil OASIS S ) T, %
Ei Fate and t 1/5 M: 50 %
database/inventory Biodegradation NITE aent oy
Biota-Sediment Accumulation Factor US-EPA £ Ecotoxicological Information
or Import data from ECHA CHEM %) Aquatic Toxicity AW SW1/96 , M: 022 iR, o ek
ECOTOX et raniiity points added across 1 chemicals.
Toolbox to IUCLID 87 i ol fats ot OASES
sl Sl (3] Terrestrial Toxicity 1/55  M: 062
M ase Environment Canada
Phys-chem EPISUITE (-] Human Health Hazards >
REACH Bioaccumulation database (normalised! +—{%] Acute Toxicity 111 M: =19
Ecotoxicological Information —{+] ADME 172 M:226
Aquatic ECETOC e e tion
Aquatic Japan MoE 3 238 &y
‘ quatic OASIS —{*] Carcinogenicity 1/10 , M: Equivocal %
’ﬁ Databases ECHA CHEM +—{%] Develop | Toxicity / Te genicity 1/1 ,M: =250 mg/kg bdwt
— S ECOTOX +—{*] Genetic Toxicity 17133 _ M: Positive _
g e ity .
Acute Oral toxicity DB +—{#] Irritation / Corrosion 1/10 , M: Category I .
ADME Database ~— Neurotoxicity o
Bacterial mutagenicity ISSSTY +—— Photoinduced toxicity =
Biocides and plant protection ISSBIOC & Ses 117 M: =67 ma/kg bdwt/d
Carcinogenic Potency Database (CPDB) = Repe'afed Doseloxigity AT 7 e’ *
Carcinogenicity&mutagenicity ISSCAN ) Sensitisation AW SWAOP 1/50 , M: <241 uM .
Cell Transformation Assay ISSCTA ~—{+] ToxCast 1/24 ,M: 0.00619 mg/L :
Dendritic cels COLIPA +—{3] Toxicity to Reproduction 1/8 . M: =100 mg/kg bdwt/d :
Developmenta{&Reproductwe Toxicty (DAR %] Toxicokinetics, Metabolism and Distributi.
o Developmental toxicity database (CAESAR) =
Inventories TANES iy
P FERIOg,
T
» DEPARTMENT
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QSAR Toolbox: Data and metadata

1) Data are shown in the matrix
2) Click on data to check metadata (data that describes data)
3) Click on thelink to open the website 2. Metadata .

Filter endpoint tree...

—L in Vitro
Bacterial Reverse Mutation Assay...
Comet Assay

: Equivocal
1/18 ™=

.

L & Formrs s Wera Cine

- Toxicological Summary
» Toxicokinetics, metabolism
General information and distribution

Genetic toxicity: inpfitro

-~ — - TN VIO GOSSIer/ 15838/ 1717277 T983
;t:g;:i ?S’:zf:’s;‘&&er Test for 250 chemicals. documentUUID=26357348-891d-4e
Strictire Hi %;Undefined Strain p p 36-8f7c-dbSesb48chsb .
uman Health Hazards;Genetic TTecha.europz cu/Tes] ion-
xicity;in Vitro;Bacterial Reverse dossi.er/-lre. isteer'- g
lutation Assay (e.g. Ames Salmonella mutagenicity test results in Vitro dossier/1 SB.‘?S/T/T/ZI’ 1983
Mouse C3H/10T1/2 1/1 M: Positive -st):Gene mutation;Other Test for 250 chemicals. :
Bz B e
5 == ned Strain 4 4 /]
Syrian hamster embryo cells (SHE) 1/1 M: Positive o Health Hazards Genetic T
R ul % I
Undefined Test organisms (species) 1/2 |M: Positive xicity;in Vitro;Bacterial Reverse ~
Developmental Toxicity / Teratogeni... 1/34 ZM: >9,4 mg/kg bdwt/d lutation Assay (e.g. Ames salr Formaldehyde M &
- A S >st);Gene mutation;Other Test for
—{-] Genetic Toxicity A ‘ganisms (species)Without EC number: 200-001-8 | CAS number: 50-00-0

3. Website

in Vitro Mammalian Cell Micronucl... 1/9 M: positive St Currently viewing: 001 Key | Experimental result s
. in Vith Mammalian chrOmOSOme... 1/6 M: Positive Classification & Labelling & s BTEtion / Corraelon Administrative data Data source Materials and methods Results and discussion umn Y
Mammalian Cell Gene Mutation A... 1/7 M: Positive plRiaanse » Sensitisation
N » Repeated dose toxicity
Other 1/9 M: negative - Genetic toxicity
+| Other Test Type 1/18 |M: negative Manufacture, use & - Endpoint summary
yp /18 M: negati e
Sister Chromatid Exchange Assay  1/12 M: positive it - Genetic toxicity: in vitro Administrative data
— - Genetic toxicity: in vivo
Undefined Test Type 1/2 M: Positive Endpoint: in vitro DNA damage and/or repair study
Physical & Chemical =Carcinogenicity
in Vivo 1/68 M: Equivocal properties + Toicity to reproduction Type of information: experimental study
Immunotoxicity 19, M: 0,2 ppm + Specific investigations Adequacy of study: key study
Irritation / Corrosion 1/33 , M: Category 1 (irreversible effect.. PO * [7oc.re related observations  peliabiy: 2 (reliable with restrictions)
Neurotoxicity 1/18 _M:0,1 ppm pathways for reliability incl. study well meets g y
. for assessment
— Photoinduced toxicity 1 D H t H - Additional toxicological data
Repeated Dose Toxicity - %Eg u ‘Ol;wg gbmaa FiIX Ecotoxicological
~ . information
ensitisation W SWAOP 1/169 M: 63,2 uM Data source
ERIOR, /
S Yy
ini > H ” . . . S A = DEPARTMENT
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OECD QSAR Toolbox: Category definition

Module for category definition of a target molecule, can be assigned according to:
- structural similiarity (e.g. functional groups)

- mechanistic similarity (e.g. protein binding)

- predefined categories (e.g. OECD HPV Chemical categories)

Substances are grouped through a selected profiler ( «Profiler)
Substances and data are searched thorugh the selected ( «Data»)

EE =l —_ -~ X04o8
QSAR TOOLBOX Tla h Y0100 (=
-

The OECD QSAR Toolbox
for Grouping Chemicals

P Profiling P Data P Category definition P Data Gap Filling

Categorize Category consistency

h E tz"l E into Categories

) ) I S| hC I i I Clusten G . S - .
Define Define with metabolism Subcategorize Combine Clustering  Category elements Developed by LMC, Bulgaria

g o DEPARTMENT
g \ ENVIRONMENT AND HEALTH
S N

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023 Chiara L Battistelli ‘:j '1'1\



QSAR Toolbox: Category definition

o ’ 01010 Xoe6r @

QSAR TOOLBOX @ T th T0100 B (=2
P Input P Profiling QE
— S —

Catejorize Category consistency Apply the Category elements in The OECD QSAR Toolbox

— < | v for Grouping Chemicals
E B O E

order to check the consistency of RS
Define Define with metabolism Subc nze Combine Clustenin Category elements - 2
laishbiomtony \eaienic Wity Ny [N b your category with respect to  EREEEESEIUIST
‘v o

Define a category based Cluster a chemical |defined endpoint

pit
on the target” alerts = Subcategorizethe
OR defined category
Define a Catego ry With OECD HPV Chemical Categories

Substance type

metabolismbased on the B

< i neral Mechanistic

target’'s metabolites alerts JEEEEERTLEISE
Biodeg BioHC half-ife (Biowin)
Biodegradation primary (Biown 4)
Blodegradation probabiity (Biowin 1)
Biodegradation probabiity (Biowin 2)
Biodegradation probabiity (Biowin 5)
Biodegradation probabiity (Biowin 6)
Biodegradation probability (Biowin 7)
Biodegradation ukimate (Biowin 3)
DNA binding by OASIS
DNA binding by OECD
Estrogen Receptor Binding
Hydrolysis half-ife (Ka, pH 7)(Hydrowin)
Hydrolyss half-#fe (Ka, pH 8)(Hydrowin)
Hydrolysis half-ife (Kb, pH 7)(Hydrowin)
Hydrolysis half-ife (Kb, pH 8)(Hydrown)
Hydrolysis half-ife (pH 6.5-7.4)
Jongation at pH = 1

Combine two or list according to

more chemical | the knowledgein a
lists into one

selected profiler

\\‘ERJOIR'@

o
#|

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023 Chiara L Battistelli -
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QSAR Toolbox: Analogues and categories

Data from analogues can be used to predict the
property of a target substance using read-across or
trend analysis.

Toolbox can take into account structural, mechanistic
and metabolic aspects, to find toxicologically relevant
analogues with data on the property of interest.

A workflow recomended by ECHA includes different
phases: first a categorization structural based, then
an endpoint specific, finally a sub categorization with
an expert judgment.

>:

Training School “Risk assessment approaches for water T&0"”, Rome,16-18/10/2023

Categorization structural based
(non specific endpoint)

!

Sub-categorization
endpoint specific

!

Sub-categorization
Expert judgment

2
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QSAR Toolbox: ECHA recommended categorization

\ Recommended Categorization Phases
Phase |. Structure based

US EPA Categorization
OECD Categorization
Organic functional group
Structural similarity
ECOSAR

Broad grouping
Endpoint Non-specific

Repeating Phase | due to Multifunctionality of chemicals
\

Phase Il. Mechanism based

DNA binding mechanism

Protein binding mechanism Subcategorization

* Mode of action —acute aquatic toxicity Endpoint Specific

* Genotoxicity/carcinogenicity

* Cramer rules

* Verhaar rule

» Skin/eye irritation corrosion rules

Metabolism accounted for
Phase llIl. Eliminating dissimilar
chemicals
o Subcategorization Expert iudement
Apply Phase | categorization Endpoint Specific pertJuds
S 2
Training School “Risk assessment approaches for water T&0"”, Rome, s16-18/10/2023 Chiara L Battistelli - l % s T e T
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QSAR Toolbox: Category definition

Relevance of the profiler in the «Category
definition» can be:

-_— — X000

, for relevant profiler Gshr tooLmox O = -
< Orange, for plausible profilers s - -

“ With no colour, for profilers with no connection & B B¢ H

Define Define with metabolism Subcategorize Combine Clustering  Category elements Developed by LMC, Bulgaria

° Documents Y |1 lterget]

&% Document 1
o
Structure a
§N+

# [C: 1:Md: 19:P: 0] CAS: 122043
o-

Metabolism profiler can be applied to take into
account in the category definition

[£] Human Health Hazards

Analogues can be searched according these
criteria: ﬂE

« Parents and metabolites with the same profiler s gmgﬂgu;yAg;;fsmaMMMbvo e

« Parents and metabolites with a defined profiler

DNA binding by OECD — Developmental Toxicity / Teratogenicity

Aguatic toxicty dassification by ECOSAR
Chemical elements

e Common metabolites Sopsaiderens

1/1 |M: Positive
1/5 M: Equivocal

Lipinski Rule Oasis

« Metabolites similar to a specific compound g ez

>:

Training School “Risk assessment approaches for water T&0"”, Rome, 16-18/10/2023 Chiara L Battistelli
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QSAR Toolbox: Data Gap Filling

{ Trend analysis

Prediction of the data for the target chemical: :

- Read-across: using some of the experimental data SRR
for some of the closest analogs, identified with the =
Toolbox e

- Trend analysis: using all the data from the analogs  Trend analysis: method of predicting toxicity

to derive the regression equation, used to derive the ©f achemical by analyzing toxicity trends of
tested chemicals

target data . -

_ Read-across: technique of predicting

- QSAR models: EPIsuite, ECOSAR, DK QSAR database toxicity of the target chemical using
data from source chemicals

r | e XKo6eAl
QSAR TOOLBOX @ oo 5 10100 Pe
»E

Gap Filling Workflow Editor The OECD QSAR Toolbox
for Grouping Chemicals

P Input P Profiling P Data P Category definition » Data Gap Filling

@ . L@ - ’ "‘ ’ ’ ’ ’ into Categories

- - — - -
Trend analysis Read across  (Q)SAR Automated Standardized New Import Export Delete Developed by LMC, Bulgaria

g o DEPARTMENT
g \ ENVIRONMENT AND HEALTH
S N

Training School “Risk assessment approaches for water T&0"”, Rome, /16-18/10/2023 Chiara L Battistelli ‘:j '1'1\



QSAR Toolbox: Data Gap Filling

QSAR TOOLBOX @ i ¥ 5

P Input » Profiling P Data

L 4

-

P—
Gap Filling Workflow Editor

= N = ® 2 o o o
= v - - ~ - -~
Trend analysis Read across | (Q)SAR Automated Standardized New Import Export Delete

Use some of the

Apply Trend analysis available (Q)SAR Run some of the.available
or Read across maodels or create Automated or Sem{-automatefi
approach in order to your custom workflows for predefined endpoints
(Q)SAR models or manage your custom workflows -

fill o data gap

Only endpoint relevant

create New, Export/Import, Delete

At this position:

QSARs
Automated workflows
Standardized workflows

In nodes below:

QSARs
Automated workflows
Standardized workflows

Training School “Risk assessment approaches for water T&0"”, Rome, /16-18/10/2023

X862l

E @&
- =6

The OECD QSAR Toolbox

for Grouping Chemicals
into Categories

Developed by LMC, Bulgaria

Chiara L Battistelli -
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QSAR Toolbox: Data Gap Filling

Toron0 Xeered
QSAR TOOLBOX {0100 (=7
] ] P Input P Profiling Yata Ca nition P Data Gap Filling ==
> Relevance of the profiler used in the sub- . e

for Grouping Chemicals
[} L] E & E @ E into Categories
c ate g O r I Z at I O n I to re I I I O V( a n a O g u e S rO I I l Define  Define with metabolism Subcategorize Combine Clustering ~ Category elements Developed by LMC, Bulgaria

i i 1 [target] A
° Documents Filter endpoint tree... Y 1 [target]

the prediction is highlighted by colors = T—
> Workflow Wea
v Automated (fully decided by the TB)

v’ Standardized (partial user selection) ﬂE

DNA alerts for AMES, CA and MNT by OAS

DNA binding by OASIS — Carcinogenicity q

DNA binding by OECD — D Toxicity / ici d

o iro mutsgenay (s sy s by ]| (RTINS I
] in Vitro

v Manual (fully decided by the user) gci—

Chemical elements

Groups of elements

in vivo mutagenicty (Micrenudcleus) alerts by
Lipinski Rule Oasis

[] Bacterial Reverse Mutation Assay (£.9....

(] Salmonella typhimurium

No 59 Info 1/1 M: Positive

With 58 1/5 M: Equivocal o

] without ©

OECD HPV Chemical Categories

(5 s 01010 X06ew
QSAR TOOLBOX L]a 10100 =
-

P Input P Profiling P Data P Category definition P Data Gap Filling

Gap Filling Workflow Editor The OECD QSAR Toolbox

— — for Grouping Chemicals
lﬂ . L'E‘J - ’ "‘ ’ , ’ ’ into Categories

Trend analysis Read across  (Q)SAR Automated Standardized New Import Export Delete Developed by LMC, Bulgaria

¥R
Training School “Risk assessment approaches for water T&0"”, Rome, ;16-18/10/2023 Chiara L Battistelli - "'_ o;g g ENIRONMENT AND HEALTH
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OECD QSAR Toolbox: Report

The report module creates a document after accepting the prediction

in the previous module. Three different reports can be created: In this module the user can:

v" Choose which section to include

1. Prediction report in the final report, and in what
2. (ategory report order
3. Data matrix v" Include information and data

. . e o from analogs in the report
All these reports provide the basis for justifying the reliability of the v Enter comments and

prediction that needs to be critically reviewed b\/.the users and can be interpretation of results in the
manually completed for comments and explanations aditable fields

@ r|a 01070 Xo6erd
QSAR TOOLBOX TIs 5 f0100 (=L
.

Reports Export The OECD QSAR Toolbox
for Grouping Chemicals

B B BB EEEE

Prediction Data Matrix Cateqory QMRF SMI File SDF File CAS List Data Matnix Developed by LMC, Bulgaria

P Input P Profiling P Data P Category definition P Data Gap Filling

W\
B
>

Training School “Risk assessment approaches for water T&0"”, Rome,s16-18/10/2023 Chiara L Battistelli -
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OECD QSAR Toolbox: Report

Xonrd

QSAR TOOLBOX D

P Category definition P Data Gap Fliing g »q

—————————————————————.
Reports The OECD QSAR Toolbos

—_— — »",

Prediction Data Matrx (Mo‘ QMRF SMI File SDF File CAS List Data Matrix

Developed by LMC, Bulge

Create areport for:

* Prediction obtainedin TB

* Current information in the
Data matrix

* consistency of the current
chemical Category

* an available (Q)SAR model -
a library of QMRFs is available

Export information for the
chemicals (and data)
available in the data matrix

QMRF: QSAR model report format

A harmonised template for summarising and
reporting key information on QSAR models,
including information on model validity

>:

Training School “Risk assessment approaches for water T&0"”, Rome,s16-18/10/2023 Chiara L Battistelli -
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QSAR Toolbox: report

1. Prediction report

Pradicion of EC80, LGSO for GAHBO2 178

Toolbax for single chemical

Tate; 20 Jan 2020
Puthor(s):
Contact details:
Target Informeation
[Structural information
| SMILES: (CASE: 123-11-5 Benzaldehyde, _d4-met
[coeteeicmblert (Othes: EC Number: 2096026 | hovey-
1S/CEHBOR/c1-10-8-4-
fstructure: 176G A2,
. e
0 A-Methonyberzaldeiyd
Hata, .
Prediction
[Predictad endpolnt: £C50, LCS0; Mortaity; Pimephales promels; 96 h; No guidsiine specified
[Predicied value: 189 (from 8.26 1o 43.2)
Unitfacale: mo/L.
(Dt gap MWing method: Trend irlysa, Automated workfiow for Estancsiogeal Endport
 manuaily editable fiekd
Mot pravided by the user

2. Category report

TRRF vi 4 (RC)

QSAR TOOLBOX

QISAR Tookxs 4.4 (RC)
warsicn: 4.4 (RC)

Training School “Risk assessment approaches for water T&0"”, Rome,s16-18/10/2023

Frosiction of ECS0, LGS0 for 54802 28
i m 1. defnmion
Prodicted vakaes 3.5 log(1/maofL), confrange: (350 ; 4.22) 2t 35.0% L.1. Category definition
rinciple Infiormation -> Aguatic Category name [RE——
Texecity = Mortality +> EC50 <OR> LC50 =» 96 h +> Animakia (anismals) => Chordata (chordates] = Mot proded by the i
[Actinapterygil (ray-finned fishes, spiny rayed fishes) - Teleostsl -> Pimephales promelas.
Pradiction plot: (target)
Tomsad amabyss poelcsion fos ECH0, LW, based om 11 vabies + Ecoroucological Informationy Aquatic Tomicly: Pimephales romelis, ACTINOpREryQR (fay=firwed fishes, spiny
Dttt 4 gt Prchtad: rayed fihs), Cherdlata (chordiates), Animalia (animak), ECSD <OR> LCS0, Martality, DurationmSe h
i A1 B < o 0 g —
5 > Category hypothesis ety ek ket
* Nat provided by the ser
1.2 Category members
Information of category members
“Tabse of category members
- ¥ S [earme. ey |l
". 0 I EZTH jCOcleeelCmect
. . Lo
g i F— EEEEEEa —
1
i Ly
° as 1 H 2 3 3 H
g g TS [Propanal =0 Hat\/"\\(
- - Liesar 4 50-00-0 [CHO. =]
Model equaion: EC50, LCS0 = 3,01 (40.167) + 0.473 (£0.0820) * kog Kow, log{1/malj1) HZC\
Iactive deseriptor: Iog Kow (calculated) \O
Dtn ummges: Acithenetic mean (mverage) ke 3 =T [ R e
Statistics of the prodiction modd: .
npephohistshompali m r I X 3 i R e ) Mo
R2 = 0.906; coefficient of detemination ¥ Ty o ] e S
Fizadt] = 0.930; adjested coefficent of deteminstion 3 \‘f
558 = 0.272; sum of squared residusis
< = 0.145; cample ctandard deviation of recidusls
F = 161; Fisher function - TE - o x
"Whes multple values are avadabie for the same chermical, ther arithmetic mean (vesage) HOME | NSERT  PAGELAOUT  FORMULAS DA  REVEW VW san
taken in preiction caladations .
e SsSE Yo = = [ T Dy 3 Auesum - A
2 G B Swmpit Genea 5 [voma [ ood i oy i
B Cory =] . = - —_—
Pase By P - S g5 s % g Condtional Formata: Neutrsl Gatcutation | [T - et Oelte Fomat Sort & Finas 3 vh 4 RE)
- Fomat Painter i b & Merge & Cent $-% Farmalting - Toble - B T T @ ko ke sete
Cippoara o Fore u e S mber stes canng ~
5 - f v
A s | ¢ 3 H Lom N o e o R s
Tarse chemical sosiogue w1 hnaiozue 12 Snaioaue 53 Analogue w4
2 Substance identity |
e H3C H. °
structure . e EANS E N o oo
OSAR TOOLBOX ba
3
4 cas mumber wus 613455 fExTe) 50000 w251
5. Cremical rame coneoz 2.5 DIMETHORBENZALDEHYD Prossmal o Hexanal
5 Other idertfer
7 smues Cocleee(c=0lecl coc1cee(C0jeioCic L. cec=0 =] ceecee=0
s
9 profiers
10 Projis used for rouping/subcategorization
11 Aldehydes (Acute toxicity) (US-EPA New Chemical Aldehydes (Acute toxicity) Aldehydes (Acute t ty) Aldehydes (Acute taxicity) Aldehydes (Acute tonicity) Aldehydes |Acute toxicity) Aldehye
13| Substnce tre ebeaietorieton) Dicrete chemcal; Discretechemica Discretechemical; Discrete chemical; Diserete chemical ek
13, acuts squatc tosicty MOAy OS'S “Aehyce “dence ‘ebyces dzhyces
14 US EPA New Chemical Categories Aidehyces [pcte o) chydes (Acvi i) Hdehe
15 Aidchydes (ero) Aldehyces (Vonc) Aldchydes (Mono) i
Organic functonal groups, Narbert Haider Algenyde; denyce denme Aldenyde;
16 [checkmal) fsubcatzgorization) Abylaryisher, Carbomy campound Carbany| compound Carbany! compaund e
17 Organic functional groups (subcategorization) Lo Aldehyde ey teh,
18, Geneval Mechanistic
15 Protin bindrgloy A5 Noslert feund A, . R iy S i
20 provein binding by OECD Mo airt found TohiF aase Fomars S aase Formars i ace ormars Tt
TP o somc s 401 ey e s o) ey 3o U Mscaanes S 310 ok S0 | Mesrion 1gnas s [470) s s
23 structure sy 0% 100% o 1675305
24 Chemical elements Group 19 Carbon € Group 14 - Carban € Group 14-Carbon € Group 14 Carben Groun 14 - Carbon € Grou
»
25 Measured and predicted data
27 Data usefo prediction
P
spscis, durovn, test e dyten spce, durstion, ezt spseie,duroton, st species,durotion, st
bl oot | vaoe |t | OPETEAMBL | TR | e | ORI, et |, O OBEO T |,
" oty e gt v ot oo s ot oo e by e
eoh Dimeshaies promeiss . | Pimephaies promelas Simephale promeist |
o — weso mg PO ysp g e 2oz me T e Gzsn| ma
e TeRel [R5 150 s6h Iy e t21:25) s o
o 96 1997 gnier for Lake Superior Cgnter for Lake Suocrior
30, Aquotic Toxicity wcso 0 men  Fmenees 5 e %‘"‘D"i‘;;:'m“ s | g PRERRSERE
Sheet! ® 0
Reaor [ e

Chemicsis ategory 218
g GIS6-6+2  |ienknyror  [CLOCCCOCCelCrORel 0
g =) [EocTceOnC= Rk Tor
fyae
0 CEET . [EEOeTealCmDject
Ranges for properties
ot prenved by user
Purty | Impurty ]
ot pravided by the user
1.3. Profiles/Metabollsms.
st of
Profles used for grouping/substegortastion:
- AleyCes. (ACUIE tCIty) (LIS-EPA New Chemical Categones) (primary groupng)
- Sulistance type (subcategorization)

- Acute aquatxc tocity MOA by OASES (subcategorization)

+ US<ERA New Charrical Catagories (subcategorization)

« Aquatic hovicity cassification by ECOSAR (subcntegerization)

- Ceganic functional growgs, Norbert Haider (chackmal) (subcategorization)
« Coganic functional groups [subeategorization)

2, Consistency check
2.1, Physicochemiel smilsrty

simiarty
4 e
hot availabie
Comments on plrysicodhemical simiartty sty b e
ot provded by the user
‘QSAR Tookax 4 4 (AC) TPAF vi.4 (RC)

QSAR TOOLBOX

Database versir: 4.4 (RC)

Chiara L Battistelli

User can customize
the report, inserting
comments and
interpreting the data in
the editable fields

{9. E o/g’ Q DEPARTMENT
= ¢ Z \ ENVIRONMENT AND HEALTH



QSAR Toolbox: Take home messages

% Free software application: ECHA, OECD and LMC, contribution from donors of data, profilers, models

% Supports (eco)toxicologists in performing reproducible and transparent chemical hazard assessment using
non-animal methods

% Source of QSAR models, existing data, metabolic and mechanistic information can be used to fill data gaps

% The profiler results are not predictions, but they can contribute to find suitable analogues with data to build
read-across, or they can be used in a WoE approach

% Simplified user interface and automatic worlkflow can help user, together with support section (manuals, forum,
help-desk) in the website www.gsartoolbox.org

“ TB should not be considered a Black Box, in which a user uncritically enter an input and get an output, without
expert supervision

% Specific expertise is required e.g., in Toxicology/computational and organic chemistry/IT skills: expert judgement
is required in critical step such as for the identification of the analogues, the relevance and reliability of the data

—>Practical exercises with QSAR Toolbox

>

Training School “Risk assessment approaches for water T&0"”, Rome,s16-18/10/2023 Chiara L Battistelli
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http://www.qsartoolbox.org/

Application of TTC approach for a
‘data poor' chemical

Hands-on exercise with the QSAR Toolbox

Cecilia BOSSA
Environment and Health Department-istituto Superiore di Sanita

>:

Training School “Risk assessment approaches for water T&0"”, Rome,s16-18/10/2023 Cecilia Bossa
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Practical exercises with QSAR Toolbox = |

Application of TTC approach for a 'data poor' chemical

1) The first step is the genotoxicity assessment

Is there a genotoxic concern?
» For the potential DNA-reactive mutagens

the TTC value of 0,0025 pg/kg/d (0.15

YES
ug/person/day) is considered

> If No genotoxic concern is assigned, to the TTC= 0,0025 pg/kg/d Appc':r;a;igr” i
substance, the Cramer classification scheme (0,15 ug/person/d) Classification

Is applied

>:

%RI
Training School “Risk assessment approaches for water T&0"”, Rome,s16-18/10/2023 Cecilia Bossa g %l: P
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n-hexanal

= 3 - S WaterTOP COST Action (CA18225)
T i it 'IO L coskt e for Water Taste and Odor Problems
WEEE Foou systems Biolo mm& NECENCE & TECHOLOGY . .
e a—. Funded by the About Publication Flavor Wheel

European Union

‘ csv ‘ ‘ PDF ‘ ‘ Print ‘ ‘ Column visibility ¥ ShOW‘_ 10 V|entries Search:| hexanal
Compound 4 structure Mw Quality oT Links Source
Search Compound Structure Search Tool Min Max Search Quality Min Max Search Links Search Source
2 PubCh 246728
3-Octanone \,k/\/\ 128.21 mouldy (details) 39 pg/L(details) F;BI DeBm

OT=4,5 pg/L

grassy, fatty, lettuce
Hexanal — ) 4.5 pgiL(
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QSAR Toolbox: mutagenicity prediction by Read

Across approach

The OECD QSAR Toolbox
for Grouping Chemicals

Q S H R T D D L B D x into Categories

rﬂw
OECD QSAR Toolbox v.4.4.1

-

Step-by-step example for predicting Ames
mutagenicity by making use of read-across

n-hexanal
https://gsartoolbox.org/wp-content/uploads/2020/04/Tutorial_2_Predicting-

AMES-by-making-use-of-read-across.pdf

e
Training School “Risk assessment approaches for water T&0"”, Rome,s16-18/10/2023 Cecilia Bossa
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