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SAFE AND EFFECTIVE BIO-BASED SOLVENTS

Designing New solvents
Solubility:

Electron rich (electron donor)

Lipophilic
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§< . dvantages of early tox testing @
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* [t is vital for the project that final candidates have no/low toxicity
 ‘Green’ or ‘BioBased’ is no guarantee for low toxicity

 Early tox screening enables:
* removal of toxic candidates from the workflow in an early stage
 a feedback loop with structure-activity information to design /
synthesis WP’s

« Overall: an integrated process combining the evaluation of:
 ease of synthesis
« functional performance
« safety
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SAFE AND EFFECTIVE BIO-BASED SOLVENTS
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* Three parts:
» collection and evaluation of existing experimental toxicity data
* toxicity predictions using QSAR models
 read across (RAX) predictions

* prioritised human health endpoints:
« carcinogenicity (C)
* mutagenicity (M) prioritised in regulation (REACH)
* reproductive toxicity (R)
» skin sensitisation (S)

 Colour codes per endpoint: Colour Prediction

Mon toxic

Low toxic

Medium toxic

Inconclusive
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 Extract information from REACH registration dossiers
» Check for classification in the GHS system*

‘ high \

 Applicable for ‘existing’ chemicals only

toxicity:] no |medium
based on experimental data| (EXP) | (EXP)
GHS classification exists (GHS)

*GHS: Globally Harmonized System of Classification and Labelling of Chemicals
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RESalve 2. QSAR-based predictions

SAFE AND EFFECTIVE BIO-BASED SOLVENTS
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In silico-tools to predict toxicity of compounds
Based on structure-activity relationships (SARS) or structural alerts

evaluated tools/models selected tools/models

Toxicity Endpoint  ToolModel Testdata Sens.  Spec. Health endpoint Tool Model
Ames test DTU/Case Ultra Internal 0.86 0.86 carcinogenicity DTU Leadscoge rodent
Ames test ToxTree AmesdatalSs | 0.88 071 , — _
= e s || s o VEGA Carcinogenicity model (ISS) (version 1.0.2)
mestes e - Carcinogenicity model (IRFMN/ISSCAN-CGX) (version 1.0.0)
Carcinogenicity | VEGA/ntares® Carc datalSs | 0.85 082 Carcinogenicity model (IRFMN/Antares) (version 1.0.0)
Carcinogenicity VEGANSSCAN-CGX* Carc data ISS 099 0.6 Carcinogenicity model (CAESAR) (version 21 9)
Carcinogenicity | VEGAICAESAR® Carc data 155 | 0.81 0.89 Mutagenicity DTU Point mutations
Carcinogenicity | VEGANSS® Cacdatalss | 100 1.00 Mutations in thymidine kinase (TK) locus in mouse lymphoma cells
Carcinogenicity | VEGATNOCans.” Carcdata1ss | 100 089 Mutations in HGPRT locus in Chinese hamster ovary (CHO) cells
5 5 Chromosome aberrations
C. ity WVEGATNO: 3 Care data 1SS 087 085 . N .
m"nm"fm core = Chromosome Aberrations in Chinese Hamster Ovary (CHO) Cells
Garvinagenicity | DTU/Caselinrodent niemal 0e1 | 088 Chromosome Aberrations in Chinese Hamster Lung (CHL) Cells
Carcil it DTU/Lead: dent Internal 070 076 VEGA Point mutatio"s
TK in vitro DTU/CaseUltra Internal 069 0.92 Mutagenicity (Ames test) CONSENSUS model (version 1.0.2). Mutagenicity
TK in vitro DTULeadscope Internal 085 084 (Ames test) Consensus model, based on the predictions of the available VEGA
TK in vitro DTUISCIOSAR Internal 079 081 mUtageniC_ity mOde_lS (Caesar, SarP |S_S and KNN)-
HGPRT i vitre TUiGaseUla ro— 078 o058 Re;?rpductlve DTU Teratogenlc potential. Battery outcome i.e. combined CASE Ultra, Leadscope
HGPRT in vitr DTU/Lead: Inte il 0.82 078 tOXICIty and QPIOQAR
e eadseope e VEGA Developmental/Reproductive Toxicity library (PG) 1.0.0
EErm | e e liizwe! 03y EE Developmental Toxicity model (CAESAR) -v. 2.1.7
WM in vivo ToxTree* InvivoMN 1SS | 0.70 030 Skin DTU Allergic contact dermatitis in guinee pig and human. Battery outcome i.e.
MN in vivo DTUICaseUltra Internal 050 084 sensitisation combined CASE Ultra, Leadscope and SciQSAR.
MN in vive DTU/Leadscope-rodent Internal 064 078 VEGA Skin Sensitization model (CAESAR) 2.1.6
N in vivo DTUISCIQSAR Internal 060 090 Toxtree | Skin sensitization reactive domains
CA in vitro | CHO DTUICaseUltra Internal 0.40 0.85
CA in vitro | CHO DTU/Leadscope Internal 0.54 0.79
CA in vitro | CHO DTU/ScIQSAR Internal 0.51 0.84
CA in vitro | CHL DTU/CaseUltra Internal 060 0.88
CAinvitro/CHL | DTU/Leadstope Internal a7s 075 Q SA I a O u t p ut
CA in vitro | CHL DTU/ScIQSAR Internal 073 0.73
DART WVEGAICaesar Wu, 2013 0.81 0.32 - -
DART VEGAP&G Wu, 2013 0.85 0.44 COIour P redICtl on
Teratogenicity DTU/GaseUltra hum terato Internal 085 088 N on tDXiC
Teratogenicity DTU/Leadscope hum terato Internal 072 0.86 —
Teratogenicity DTU/SciQSAR hum terato Internal 085 093 LDW tDXIC
Skin iti: Tox Domain ir 018 078 070 - -
Medium toxic
Skin sensitisation ToxTree/Protein Binding Kleinstrever, 2018 020 0.24
Skin sensitisation VEGAICAESAR® Kleinstrever, 2018 0.91 073 TOX Ic
Skin sensitisation DTU/CaseUlira Internal 070 097 R
Inconclusive
Skin sensitisation DTU/Leadscope Internal 07s 0.96
Skin sensitisation DTU/ScIQSAR Internal 082 097
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DIAMONDS toolbox (TNO)

1. Identify structural similars of the candidate compound

2. Retrieve toxicity data of similars from various databases
3. Predict toxicity of candidate compound based on similars

4] [ no mutagenicity
@:864 @1589 [0 known mutagenicity
3 @5931 [1 unknown mutagenicity
X @1341
Q1720 — @662
; @109386
119
Q247 g@ora777
0 @2095 @2174
-1
@1340
o (388668
3 ()3a8897
1
-4 -3 -2 -1 0 1 2 3 4 5

ToxSpace shows toxicological properties of chemically
most similar substances of target substance ID1720
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Integrate data (REACH, QSAR, RAX)

* If available, in vivo data (EXP) ‘overrules’ all other data
* Qutput: colour-coded ‘barcode’ with predictions on four endpoints
* Information on source data included (EXP, GHS, RAX)

Endpoint
C M R S

comp. A (EXP)

comp. B

comp. C
« EXP: experimental data was used Colowr | Fredlefion
* GHS: classification in GHS system used Cow toxic
 RAX: read-across was used Medium toxic

Toxic
Inconclusive
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SAFE AND EFFECTIVE BIO-BASED SOLVENTS

A panel of human cell based CALUX reporter gene assays
Rapidly and selectively measures activation of one specific nuclear receptor
or cell signaling pathway

CALUX-profile gives clues on possible mode-of-action, can be linked to
adverse outcome

@)
CHEMICAL .
\
o (&}
@) 3 ;
Receptor O Light sgnal
proportional
O to amount of biological
O active chemical in
sample

O 6 LUCIFERASE protein
(!E!! ! ! ‘_' LUCIFERASE mRNA
I ]

' ' Receptorbindingelements LUCIFERASE
] e ———— - —_ { BIOLOGICAL EFFECT }

ENDOGENOUS GENE
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Advantages of the
.R.Sﬁe!ve CALUX approach

SAFE AND EFFECTIVE BIO-BASED SOLVENTS

BDS)

Biological situation:
endogenous gene under
control of multiple RE’s ﬁ

unselective

[ 1 1 |
Transcription factor binding elements ENDOGENQUS GENE

Reporter gene assay:
reportergene under ﬁ _ I,—>I selective

control of one type of RE

Receptor binding elements LUCIFERASE
CALUX assay: Selecg've
reportergene under an
' v : ﬁ | responsive
control of multiple [T 1 |
Receptor binding elements LUCIFERASE

copies of one type of RE
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nSc Available CALUX assays
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ERa CALUX (ago/anta) Estrogen receptor (ant)agonists

AR CALUX (ago/anta) Androgen receptor (ant)agonists

PR CALUX (ago/anta) Progesterone receptor (ant)agonists
GR CALUX (ago/anta) Glucocorticoid receptor (ant)agonists

TRb CALUX (ago/anta) Thyroid receptor (ant)agonists

RAR CALUX Retinoic acid receptor agonists

LXR CALUX Liver X receptor agonists

PXR CALUX Pregnane X receptor agonists

PPARa CALUX Peroxisome proliferator activated receptor agonists
PPARg2 CALUX Peroxisome proliferator activated receptor agonists
PPARd CALUX Peroxisome proliferator activated receptor agonists
AhR CALUX Aryl Hydrocarbon receptor agonists

Hifla CALUX Chemical hypoxia response

TCF CALUX wnt/TCF pathway activation

AP-1 CALUX AP1 pathway activation / cell cycle control

ESRE CALUX Endoplasmic reticulum stress

NFkB CALUX Activation of NF-kB pathway (immune response)
Nrf2 CALUX Oxidative stress

p21 CALUX Transcription of p21 inhibitor of cell cycle progression
p53 CALUX p53-dependent pathway activation / genotoxicity
Cytotox CALUX Cytoxicity
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1. Determine appropriate exposure scenario
* assess solubility, volatility, water-miscibility

2. Determine appropriate assays
* screen representative reference compounds on broad panel
* select sub-panel of assays representing the most relevant endpoints

3. Evaluate data
*assign RAG status based on CALUX profile

4. Integrate with in silico outcome
* assign overall RAG status based on integrated in silico — in vivo
assessment
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In vitro outcome:
R&Solve the CALUX profile

SAFE AND EFFECTIVE BIO-BASED SOLVENTS

Lowest effect concentrations in Log(M)  —

assays-> selected assays not selected
ii

20Z%01034)

<-spunodwod

65-/+ XOLN3D £5¢d

benzene

Toluene

Hylene

ether 1,4-dioxane

acetonitrile

2-(ethoxymethyl) tetrabyd rofuran
1, 2-dichlorobenzene

propylene arbonate
Gamma-valerolactone [ GVL)
DMSO

sulfolane

1,3-Dimethyl-2-imid azolidinone
1,3-Dimethyl-3,4,5,6-tetrahydro-2{ 1H)-pyrirm
DMF
DMAC
MNP
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e Data evaluation: RAG status
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Rules have been established for CALUX RAG status
___________________ _

0-2 >-5 green : RAG status: :
0-2 <-5 amber I R = serious toxicity, discontinue I
3-5 >-5 amber : = some toxicity, consider I
3-5 <5 red 1 G = limited toxicity, continue :
>5 any red |

(@) (@) ©
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3 o o
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() 2 m
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ID 1055

ID 1116

ID 1046

ID 1099
ID 1100
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R¥<alve In silico & In vivo Integration

SAFE AND EFFECTIVE BIO-BASED SOLVENTS

EDS

: in vitro bioavailability in silico
Work in progress! 1 1 |
| I 1| \
(o] T = (@] (7]
o Q| o 5 g ¢S @
N 2|2 ® * 8 3
(=] -] 8’ o
X S |la -
<
Compound Code
IS1 20 -20 N RAX RAX RAX
152 20 -20 N RAX RAX RAX
1S3 1.2 -12 N EXP EXP EXP
115 -2.2 L
AK1 1200 v
AK4 11 -1.1 M [ ExP RAX
AK6 11 <11 M RAX
AK7 -1.1 -1.1 H B rAX
LG1 1.0 -1.0 N exp [ Exp
LG6 R EE I
LG13 11 11 o [
1623 12 . | | | |
LG64 12 <12 M N
0T16 12 -1.2 N | | ]
Lv34 ERIERIN EXP EXP
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* An integrated strategy has been developed which combines:
« avalilable in vivo data (existing chemicals only)
* in silico predictions based on QSARSs and read-across

* in vitro data assessing interaction with ~20 different nuclear
receptors and cell signaling pathways

« Safety assessment early in the design process enables:
 early go-no go decisions

 feedback to design-team on chemical groups with unfavourable
tox properties
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