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REACH

Registration, Evaluation, Authorisation and
Restriction of Chemical substances

R E A C H Guidance

Registration, Evaluation, Authorisation and restriction of CHemicals

European Chemicals Agency (ECHA) in Helsinki
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REACH and QSAR (Quantitative Structure
Activity Relationship) models

> 30,000 chemicals to be registered ... is a lot!

It is expensive to measure all of them ($200,000 per compound), a lot of
animal testing

QSAR models can be used to prioritize compounds

« Compound is predicted to be toxic @

* Biological testing will be done to prove/

disprove the models TOXIC
CHEMICALS

« Compound is predicted to be not toxic
e tests can be avoided, saving money, animals
e but ... only if we are confident in the predictions .
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Requirements of biological testing
following QSAR model prediction

model prediction confidence
prediction high low toxic
toxic, strong need

IC50 > LIMIT

non-toxic, low need —I

other properties)

|
IC50 < LIMIT (depends on @ '

non-toxic

Acceptance of decisions will be more accurate if confidence intervals
(prediction errors) are known and are taken into analysis: concept of
applicability domain.
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Declining R&D productivity in the
pharmaceutical industry

Dwindling R&D Productivity in the Pharmaceutical Industiy
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Reasons for failure in drug development

Il Pharmacokinetics

[ Animal toxicity }ADME/T
B Adverse effects

M Lack of efficacy

[1Commercial reasons

[ Miscellaneous

> 60% of drug failures are due to absorption, distribution,
metabolism, excretion and toxicology (ADME/T) problems
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" Oaenhn i Notvenstbhnacdiftheluaserith igseeabéehdds

Possible: 100 - 10190 molecules theoretically exist
( > 108 atoms in the Universe) : L

Achievable: 1020 - 10?4 can be synthe x
(weight of the Moon is ca 1023 kg) SR

Available: 2*10

Measured: 102 -

—
Problem: To pre N\/

market we m
molecules! R
1

lonic Liquids ca 108 (Prof.

Methods that can estimate
the accuracy of predictions
are required.

Both environmental & health
sciences have similar problems!
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Models can fail due to chemical diversity
of training & test sets

QIOH
o s}

Training set data used
to develop a model

Our model given o

(©)
the training set N

New data to be estimated

© Correct model
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It is easy to build a QSAR model

but it is much more difficult to estimate its
accuracy for new data
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Representation of Molecules for Quantitative Structure-
Activity Relationship (QSAR)

Can be defined with calculated

properties (logP, quantum- " 142_'63
chemical parameters, etc.) B
Can be defined with a set of - 132
structural descriptors — 101
(topological 2D, 3D, etc.).
One of these sets of descriptors is o
usually used for determination 13.7]
the applicability domain of 4.8
models. — > |

_-)N\\\ 15.8
= 12.0

Distance to model:
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Goals of this study

e Develop new models for prediction of environmental
toxicity against T. pyriformis

e Benchmark different applicability domains (distances to
models)

Is accuracy of predictions limited by the approach or by
the data themselves?

Is there a best (“universal”) AD?
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Estimation toxicity of T. pyriformis

Initial Dataset!.?
n=983 molecules

n=644 training set
n=339 test set 1

Test set 2:
n=110 moleculesi?

The overall goal is to predict (and to assess the reliability of predictions)
toxicity against T. pyriformis for chemicals directly from their structure.

1Zhu et al, J. Chem. Inf. Comput. Sci, 2008, 48(4), 766-784.
2Schultz et al, QSAR Comb Sci, 2007, 26(2), 238-254.
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Overview of analyzed QSAR
approaches and distances to models

country modeling descriptors abbreviation distances to models (in space)
techniques descriptors  property-based
ensemble of 192 MolconnZ kNN-MZ EUCLID STD
kNN models
ensemble of 542 Dragon kNN-DR EUCLID STD
kNN models
SVM MolconnZ SVM-MZ
SVM Dragon SVM-DR
SVM Fragments SVM-FR
kNN Fragments kNN-FR EUCLID,
I I TANIMOTO
MLR Fragments MLR-FR EUCLID,
(ULP) TANIMOTO
MLR Molec. properties MLR-COD

(CODESSA-Pro)

I I OLS Dragon OLS-DR LEVERAGE

(UD)
I PLS Dragon PLS-DR LEVERAGE PLSEU
I
(UK)
ensemble of 100 E-state indices ASNN- CORREL, STD
neural networks ESTATE
(HMGU)
consensus model - CONS STD
Tetko et al, J Chem Inf Model, 2008, 48(9):1733-46.
HelmholtzZentrum miinchen # weLmuoLTz

German Research Center for Environmental Health | ASSOCIATION



Overview of analyzed distances to models (DMs)

EUCLID : TANIMOTO
d.
EU = Z ' ki b f t Tanimoto(a,b) = E Faitos
W is number of neares St D - S,
_ neighbors, m index of
EUCLID=EU, model x,;and x, , are fragment counts
LEVERAGE PLSEU (DModX)

LEVERAGE=x"(XTX)'x

Error in approximation (restoration) of the
vector of input variables from the latent
variables and PLS weights.

1 \2
STD STD=ﬁE(yi‘y)

; 1s value calculated with model i and ¥ is average

value

CORREL

CORREL(a) =max, CORREL(a,))=R*(Y? 1., Y} ,1.)

calc?

Y?*=(y,,...,yy) 1s vector of predictions of molecule i
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Mixture of Gaussian
Distributions (MGD)

|dea is to find a MGD,
which maximize
likelihood (probability)

I1 N(0,0%(e,)

of the observed
distribution of errors
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MGDs for the

simulated datasets

A) Non significant
MGD was found

B) A MGD composed
of 3 (Gaussian
distributions  was
found
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Several Og for MGD

_ 2
S(Gy)=-log IN(0.0,°(c;)

one o, for one Gauss G0

S(G)=-log IN(0,0’(e;)

Significance (bootstrap test)

D(Gy,Gy) = S(Gp)-S(Gy) >>0
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Analysis of DMs for a linear model

Log(IGC.,1)=
-18(%+0.7) +0.065(£0.002)AMR-
0.50(0.04)056-0.30(0.03)058
-0.29(0.02)nHACcc+0.046(0.005)H-
046+16(0.7)Me

The use of various DM
provides different
discrimination of molecules
with low and large errors.
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Tetko et al, J Chem Inf Model, 2008, 48(9):1733-46.

Training
Validation
Training MGD
Validation MGD

Training
Validation
Training MGD
Validation MGD

ﬁ HELMHOLTZ

| ASSOCIATION



Performances of MGDs calculated with different
definitions of Distance to Models (DM)

DM average rank highest rank’

LOO 5-CV Valid.* LOO 5-CV Valid.

STD-CONS 1 1.8 1.1 12 2 11

STD-ASNN 2 1.2 2.5 10 |

STD-kNN-DR 6.6 4.3 4.1

STD-kNN-MZ 9.2 8.3 5.3

EUCLID-kNN-DR 7.1 4.9 5.4

LEVERAGE-PLS 8.4 5 6.3

EUCLID-kNN-MZ 7.5 7.1 6.4

TANIMOTO-kKNN-FR 7 6.1 6.8

TANIMOTO-MLR-FR 8.3 8.3 9

CORREL-ASNN 10.7 10.8 9.4

LEVERAGE-OLS-DR 12.3 12.6 11.1

EUCLID-MLR-FR 7 9.3 11.5

PLSEU-PLS 11.1 11.8 11.5

EUCLID-kNN-FR 12.1 13.3 12.1

*Ordered by performance of the DMs on the validation dataset
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Standard Deviation of Models (STD)

country modeling descriptors abbreviation ©
techniques
kNN ensemble MolconnZ kNN-MZ 1.12
kNN ensemble Dragon kNN-DR 1.02
SVM MolconnZ SVM-MZ 0.97
SVM Dragon SVM-DR 0.91
SVM Fragments SVM-FR 0.88
kNN Fragments kNN-FR 0.95
I I MLR Fragments MLR-FR 0.99
MLR CODESSA-Pro MLR-COD 1.14
(ULP)
OLS Dragon OLS-DR 1.06
(UD)
PLS Dragon PLS-DR 1.08
neural networks E-state indices ASNN-ESTATE 1.10
ensemble

STD STD-CONS 0.09
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Errors using MGD & STD distance to models
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Estimations of errors using STD distance to

models
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Estimations based on training set errors
calculated with incorrect validation protocol
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Prediction of data from the training and two

external database

2 100
Experimental accuracy: 175 L
HPV
_ _ 1.5 1 75 0
Estimated experimental EINECS D
accuracy:! _ 1.25 T. pyriformis N §
SE = 0.38 reactive g 1 T. pyriformis data + 50 6
and 0 -
SE = 0.21 narcosis 0.75 n — S
mechanism of action 0
0.5 - 25 ©
error predicted by
025 ASNN-STD MGD
+
0 : ' 0
0 0.5 1 1.5 2
STD-ASNN distance to model
HelmholtzZentrum miinchen 'Seward et al, Aguat Toxicol. 2001, 53(1), 33-47. ﬁ HELMHOLTZ
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Sustainable or Green Chemistry

Twelve Principles

Prevent waste

Design safer chemicals and products

Use renewable feedstocks

Use catalysts, not stoichiometric reagents
Avoid chemical derivatives

Maximize atom economy

Use safer solvents and reaction conditions
Increase energy efficiency

Design chemical and products to degrade after use
Analyze in real time to prevent pollution
Minimize the potential for accidents
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QSAR for Sustainable or Green Chemistry

Twelve Principles

Prevent waste

v Design safer chemicals and products

Use renewable feedstocks

Use catalysts, not stoichiometric reagents
Avoid chemical derivatives

Maximize atom economy

Use safer solvents and reaction conditions
Increase energy efficiency

v Design chemical and products to degrade after use

Analyze in real time to prevent pollution
Minimize the potential for accidents
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Conclusions

« Development of green chemistry (environmental sciences) and discovery
of drugs (health sciences) share similar problems

« The use of QSAR approaches can help to identify toxic/non-toxic
compounds before start of their commercial exploitation in chemical
industry or clinical testing in the drug discovery

 Data (diversity, accuracy) but not the methods dominate in determination
of the accuracy of model predictions

« The standard deviation of models provided the best discrimination of
molecules with low and high prediction accuracy

« Models are available at http://www.qgspr.org (in development)

 Models can reliably predict only small % of molecules from the REACH-
like database
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Do you need more information?

Home
About
Partners
Software
Articles
Servers
Download
How to cite?

http://lwww.vcclab.org

Virtual Computational Chemistry Laboratory

Home About Partners Software Articles Servers Download How to cite?

on-line software

ALOGPS 2.1* is the most accurate program to predict
lipophilicity and aqueous solubility of molecules

e ASNN” calculates highly predictive non-linear neural network
models

BABEL is molecular structure information interchange hub
PNN produces clearly interpretable analytical non-linear models
PCLIENT generates more than 3000 descriptors

E-DRAGON calculates DRAGON molecular indices

PLS implements original two-step descriptors selection
procedure

e UFS produces a reduced data set that contains no redundancy
and a minimal amount of multicollinearity

If you have any questions, problems to run applets, please,
contact Dr. Igor V. Tetko.

*standalone version is free for academic and non for profit
organisations.

Home About Partners Software Articles Servers How to cite?

Copyright © 2001 -- 2006 VCCLAB. All rights reserved.

ON-LINE
SOFTWARE

ALOGPS 21
ASNN
E-BABEL
PNN
PCLIENT
E-DRAGON 1.0
PLS

http://lwww.qgspr.eu*

Online chemical database

with modeling environment

Welcome, Guest! Logout

Home v Database v  Models v

Compounds properties browser

Search for numerical compounds properties linked to scientific articles

¥ SOURCE

1-50f13803

RECORDS: [NEW] [BATCH UPLOAD] CURRENT SET: [SELECT] [UNSELECT] [EDIT.

Article/Source [select] —
— (5%) items on page [1] of 2761 2 ==

Page Table

¥ PROPERTY

¥ MOLECULE

Name / QID / InchiKey

Fragment Search

¥ MISCELLANEOUS
Current set [2]:
default
[ Filter from current set
(] Original records only
) Not validated only
[ Error records only

Activity/Property [selec] =5 . .
Warfarin
edit clone discuss

@ logs = 16.455 uM

3 Llinas A
" | Solubility challenge: can you ...

S| N:105 T:1
2008; 48 (7) 1289-303

@ logS = 105.743 uM

Llinas A

Solubility challenge: can you ...
N:104 T:1

2008; 48 (7) 1289-303

Verapami

edit clone discuss

@ 0aS = 506.279 uM
Llinas A

|/ Solubility challenge: can you ...
N:103 T:1
2008; 48 (7) 1289-303

tryptamine
edit clone discuss

Tetko et al, J Chem Inf Model, 2008, 48(9):1733-46.

Temperature = 25.04
lonic strength = 0.156

Temperature = 24.94
lonic strength = 0.153

Temperature = 25.42
lonic strength = 0.241

g0

0]

{OF5]

J

=13

[ |

HelmholtzZentrum miinchen

German Research Center for Environmental Health
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