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Goals

What is ADMETox?

Role of ADMETox in pharma: should we
care?

RO5 and others
Use of ADMETox by pharma

Understanding data complexity, data
variability and data errors

« Solubility

« Absorption - cell permeability

CRO; data generation and data availability
Available programs (public, commercial)

Models benchmarking: while models do fail
and can we know when do they fail?

Global and local models: how few relevant
measurements can be used to improve
model

Toxicity prediction: Ames test and
ToxAlerts

Not a comprehensive

Not a QSAR modeling lecture
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Pharma R&D Cost and Productivity:
Fewer drugs, more expenditure
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US pharma R&D spending (1993 = 100)
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D.J. Klinke and Q. Wang, Computational and Mathematical Methods in Medicine 2012,

Article ID 676015, 9 pages.
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Pharma R&D: Cost and Productivity issues
Compound numbers

1.000.000 Cpds <5000 Cpds < 50 Cpds <5 cpds
P , Upto 15 Years:

1 drug

~
Lead Profiling Clinics Approval
Target Discovery ADME/T
N 4

In vitro and in vivo ADME/T property determination:
Millions of screens for solubility, stability, absorption, metabolism, transport, reactive
products, drug interactions, etc etc

Preclinics Costs: > $300m PER COMPOUND to reach approval

HelmholtzZentrum miinchen Courtesy from Dr. Hofer - —
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Reasons for failure in drug development

B Pharmacokinetics

B Animal toxicity }

Bl Adverse effects ADME/T
B Lack of efficacy

O Commercial reasons

B Miscellaneous

> 60% of drug failures are due to absorption, distribution,
metabolism, excretion and toxicology (ADME/T) problems
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Interplay of physico-chemical properties with
in vivo pharmacological activities/data

Drug In-take _ )
Brain penetration
Dissolution log PID log PID
Solubility PKa pK,
log PID MW MW log PID
PKa PSA PSA pK,
Stability H-bond H-bond MW
Stability transporters | ¥ PSA
Efflux/influx H-bond
Absorption & transporters
1st pass metabolism S . distribution
R stemic S ,
p > cirﬁ;ulation p > Tissues / Organs
: 4 e 4 | Efficacy,
Reabsorption Elimination Toxicit?/‘ & ADR
log Gﬁ !la%vP/D Io}% PID
PAa
pK; pK, PSA
4 v H-bond

Excretion and

: Pharmacologic site
metabolism 9
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ADMET properties

Absorption MW, solubility, ionization, lipophilicity,
permeability, active transport

Affinity to different tissues, HSA,

Distribution permeability, active transport

Affinity to different enzymes (CYP, etc.)
Metabolism

Active transport, MW, lipophilicity,
Elimination ionization, permeability (also for
metabolites)

Presence of toxic groups, reactivity,

Toxicity nonspecific binding

HelmholtzZentrum miinchen @ nevinis:
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Interest in Phys-Chem properties
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Pharma R&D: Cost and Productivity issues
Compound numbers

1.000.000 Cpds <5000 Cpds < 50 Cpds <5 cpds
P , Upto 15 Years:

1 drug

~
Lead Profiling Clinics Approval
Target Discovery ADME/T
4
7

In vitro and in vivo ADME/T property determination:
Millions of screens for solubility, stability, absorption, metabolism, transport, reactive
products, drug interactions, etc etc

Preclinics Costs: > $300m PER COMPOUND to reach approval
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Early stage of drug discovery: Lipinski’s Rule of 5

Not more than 5 hydrogen bond donors
Not more than 10 hydrogen bond acceptors (nitrogen or oxygen atoms)
A molecular mass less than 500 daltons

An octanol-water partition coefficient log P (ClogP) not greater than 5

Experimental and computational approaches to estimate solubility and
permeability in drug discovery and development settings.

Lipinski CA, Lombardo F, Dominy BW, Feeney PJ.

Adv Drug Deliv Rev. 1997 23, 4-25.
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Properties Used to Define Drug-Likeness

Property Drugs

MW <500
logP <5
HA <10
HD <5
logD- 4, 1-3
PSA <140

CNS-Drugs
<450

0-4

1-4

<80

Leads

<400

<4

<8

<4

<120

Fragments
<300
<3
<3

<3

<90
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Tetko-Oprea rule for BBB permeation
(modified Norinder—Haeberlein rule)

100

80 -

60 -

40

JARARRRENA
1 2 3 4 5 6 7 8 9

(N+O) atoms

Percentage of molecules passing through the blood—brain barrier as a function of
the number of (N+O) atoms (using data from the WOMBAT- PK database).

" In: Chemoinformatics: An Approach to Virtual Screening
HelmholtzZentrum miinchen é
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ADMET Traffic Lights

TL TL TL TL TL TL
Value Solubility CLOGP MWecorr PSA  Rot Bonds
[mg L] [A7]
0 =50 =3 =400 <120 <7

1 10-50 3-5 400-500 120-140 8-10

Oral
Structure PhysChem
Score

23
M 4 . 674

EO F
A 2
ﬁ*{.‘i

Lobell, M et al ChemMedChem 2006, 1, 1229 — 1236.
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Profiling of chemical compounds (Optibrium Ltd)

Property Desired Yalue

B logs > 1
B HIA category +
W logP € 35
B P-gp category no
" PPE category low
B 2C9 pKi £ 6

2D6 affinity category low medium
B hERG pICS0 £ 5
B BBEB log([brain):[blood]) £ -0.5
B BBE category -

HelmholtzZentrum miinchen Segal et al, Chem. Biodiver., 2009, 6, 2144. 7 neLwnourz
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Solubility in water
Different solubilities
« Apparent solubility (fixed pH)
 Pure water
« Intrinsic solubility

Different measurements

« Static methods
« Kinetics (from DMSO solution)

Dependencies
« Temperature
« Ionic strength
« Oversaturation
Errors
« Degradation
» Purity
« Interference with measurement techniques

HelmholtzZentrum miinchen @ nevinis:
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Standard deviation of AlogS values as a
function of AT of measurements

1,4
1,2

1
0,8
0,6
0,4
0,2

0

1,22

0,97

average standard deviation number of points/1000
m<10 m10-30 m30-50 m50-80 =>80

HelmholtzZentrum miinchen  Balakin et al, Curr. Med. Chem., 2006, 13, 223-241/ ucLmnoLrz
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Solubility of Dichlorodiphenyltrichloroethane
DDT in water — a case study

The Search for Reliable Aqueous Solubility (Sw) and Octanol-Water
Partition Coefficient (Kow) Data for Hydrophobic Organic Compounds:
DDT and DDE as a Case Study

By James Pontolillo and Robert P. Eganhouse

U.S. Geological Survey
Water-Resources Investigations Report 01-4201

Reston, Virginia 2001
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Case study solubility of DDT in water

DDT
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ADMET parameters

Absorption

Caco-2 (colorectal carcinoma cells)
MDCK (Madin-Darby Canin Kidney)
PAMPA (parallel artificial membrane
permeability assay)

Human Intestinal Absorption

%FA (% of absorbed drug mass)
Active transporters (P-glycoprotein,
multi drug resistance protein -
efflux, peptide, amino-acid
transporters — absorption)

Metabolism

CYP450

Aldehyde/Alcohol dehydrogenases
Hydrolases, oxidases, esterases
Microsomes, hepatocytes
Genetically modified cell lines to
express single CYP450

Distribution

BBB (Blood-Brain Barrier)

PPB (Plasma protein Binding)

HSA (Human Serine Albumin) binding
Tissue partitioning

Volume of distribution

Elimination
Route of elimination: renal, liver (bile-
faces, metabolism)

Toxicity

AMES test

DDI (inhibition/activation of CYP450)
hERG (human ether-a-go-go-related
gene) potassium channel inhibition
Toxicity alerts
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Bioavailability 1

5—

Portal blood—~
system-

Colon

Duodenum

Jejunum

Intestinal membrane

@@@

To reach the protein target in the human body a drug has to get absorbed in the gut,

travel through the portal vein and reach the blood circulation after the first-pass
through the liver while passing numerous cell membranes on its way.
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ADME Properties: Absorption

s e - -
Paracelluviar Transcellular Carrier- P-gp
transport transport mediated mediated
transport efMhux
Dy Disonwveary Tockan
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ADME Properties: Absorption

« Two passive processes : Trans- and paracellular absorption
 Transcellular:

intramembrane or through cytoplasm, may occur along
whole GI tract, quite fast

- Paracellular:

via aqueous pores (3-10A), slower, only small intestine
(“Absorption window”)

 Models: Intestinal cell lines (Caco-2, MDCK) or PAMPA

HelmholtzZentrum miinchen @ ieiiiini
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Measurement of permeability

Transwell
insert ‘
Apical
chamber
Cell
monolayer
Permeable Basolateral
membrane chamber
HelmholtzZentrum miinchen P —
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Caco-2%*

The Caco-2 cell line is derived from a human colon carcinoma. The
cells have characteristics that resemble intestinal epithelial cells such
as the formation of a polarised monolayer, well-defined brush border
on the apical surface and intercellular junctions.

Assessing transport in both directions (apical to basolateral (A-B) and
basolateral to apical (B-A)) across the cell monolayer enables an
efflux ratio to be determined which provides an indicator as to
whether a compound undergoes active efflux.

The P-glycoprotein (P-gp) inhibitor, verapamil, can be included to
identify whether active transport is mediated by P-gp.

HelmholtzZentrum miinchen # weLmovrz
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MDCK*

Madin Darby canine kidney (MDCK) cells are an epithelial cell line of
canine kidney origin.

MDCK cells have low expression of transporter proteins and low
metabolic activity.

MDCK cells are often transfected with transporter proteins to
investigate drug efflux e.g., the MDR1-MDCK cell line which
expresses human P-glycoprotein. This cell line is a useful model for
the identification of P-gp substrates and inhibitors.

HelmholtzZentrum miinchen # weLmovrz
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PAMPA*

The Parallel Artificial Membrane Permeability Assay (PAMPA) is used
as an in vitro model of passive, transcellular permeation.

PAMPA avoids the complexities of active transport, allowing test
compounds to be ranked based on a simple permeability property
alone.

The ability of this assay to evaluate permeability over a large pH
range is valuable for an early understanding how new oral
compounds might be absorbed across the entire gastrointestinal
tract.

HelmholtzZentrum miinchen # weLmovrz
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ADME/T providers: CRO (Contract Research
Organization)

Cyprotex http://www.cyprotex.com

Evotec http://www.evotec.com

Bio-Rad Laboratories, Inc http://www.bio-rad.com
Galapagos NV http://www.glpg.com

Prestwick Chemical http://www.prestwickchemical.com

and many other companies.

HelmholtzZentrum miinchen - —
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Availability of ADMETox properties

Physico-chemical Biological properties
Lipophilicity (logP/logD) %FA (Fraction Absorbed) ~1k
. ~ 100k Blood-Brain barrier ~1k

Aqueous solubility CYP450 affinities ~10k

Transporters (PgP) ~10k

« ~ 100k
oK Ion channels (hERG) ~10k
Caco-2, MDCK, PAMPA ~10k
* ~ 100k Microsomes ~100k
Solubility in DMSO Hepatocytes ~10k
« ~ 200k VD ~300

Available sources: WOMBAT, Symyx, CHeMBL, PHYSPROP, ChemSpider, OCHEM

HelmholtzZentrum miinchen @ ieiiiini
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ADME /Tox Research

Method Costs Time Quality

Blind in-vitro testing of all compounds

HelmholtzZentrum miinchen @ ieiiiini
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Overview of existing ADMETox commercial
companies

Accelrys http://accelrys.com
ACDLabs http://www.acdlabs.com

SimulationsPlus http://www.simulations-plus.com

MolecularNetworks GmbH http://www.molecular-networks.com
eADMET GmbH http://www.eadmet.com

Lhasa Limited http://www.lhasalimited.org

LeadScope http://www.leadscope.com

And again, many other small and large companies

HelmholtzZentrum miinchen - —
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Virtual Computational Chemistry Laboratory

O O O JME Editor of Pete™®

Welcome to the ALOGPS 2-1@om -

“rovide CAS RN oF SILES of  molecule and press the “submit” butje|il =1 =l A T TS
| | CLC(=0)0)=CNIC=CC=C1 ¢ oy
Upload a file with molecule(s) in 48 formats Gj? @ OH

[ clCi=0)0)=CiNIC=CC=C1 :] Ci . \ﬂ/
i LCASRM 118-92-3 formula C7H7NOZ F
| SMILES CL(C(=0)0)=C(N)C=CC=C1 =
logP {exp] 1.21 logs (exp] [:5ubmit SMILES :] [: Close :]%
ALOGPs 0.78 <-0.43> ALOCpS ;
| AC logP 0.78 <-0.43> AC 1005 -1.71(2.71 g/l)
ABSfLogP 1.36 <+0.15> ABJogs -1.63 (3.22 g/l)
COSMOFrag 0.94 <-0.27> Average logs -L.55(+-0.21)
| milogP 1.46 <+0.25>
ALOGP 0.89 <-0.52>
MLOGP l.64 =+0.43>
SRV 1.36 <+0.15> ABfpka (Base) 2.40
ELOGPZ 1.46 <+0.25> ABfpka (Acid) 5.00
: HLOGPS 1.21 <0.00> PhwsProp ref sahgster's ref

| Average logP 1.17(+-0.34) <-0.04>

User's LogP LIBRARY upload library User's Logs LIBRARY upload library

ﬁ HELMHOLTZ
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LA Open SD / mol file | Edit Structure | Register
FATHESE\DEVELOPPEMENTYSIDA_PREDICT \M aybridge 2008-fiench3_

Property :

ArtiCorwdsant_logEDSD -

: (2)
Synthesis/Test STELETEE N | QSAR models

of new molecules

Nb of compounds :

Dptions
B Bond normalization

Show distribution I I
. |

50 % done

e

(4 (3)
Virtual Screening and Generation of
hits selection Combinateorial libraries

ISIDA : “In Silico” Design and Data Analysis ISIDA-PREDICTOR:
Virtual screening of large databases

- Skin Permeation Rate,
- Brest Milk/Blood partition coefficients,
- Blood/Air and Tissue/Air partition coefficients
(Tissue: fat, brain, liver, muscle, kidney for humans and rats).
- Blood/Brain Barrier Permeation
- Ligquid/'\Water partition coefficients (Liquid: octanol, chloroform, hexadecane).
- Liquid/Air partition coefficients (Liguid: octanol, chloroform,
hexadecane, water).
- Aqueous Solubility.
- Renal Clearance.

Tools provided by group of Prof. Varnek

HelmholtzZentrum miinchen _ _ C nevsi
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admetSAR

Home Search Predict Download About

Home J

What is admetSAR ?

a dmetSAR provides the latest and most comprehensive manually curated data for diverse
chemicals associated with known Absorption, Distribution, Metabolism, Excretion and
Toxicity profiles. admetSAR created a user-friendly interface to search for ADMET properties
profiling by name, CASRN and similarity search. In addition, admetSAR can predict about 50

ADMET endpoints by our recently development chemoinformatics-based toolbox, entitled
ADMET-Simulator which integrates high quality and predictive QSAR models. admetSAR will be admetSAR)
helpful for in silico screening ADMET profiles of drug candidates and environmental chemicals.

HelmholtzZentrum miinchen C nevsi
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- Online chemical database v

with modeling environment Firefax 23 on Mag - Supger
£ log in create accou

Home ~ Database -

Welcome to OCHEM! Your possible actions

Explore OCHEM data

Search chemical and biological data: experimentally
measured, published and exposed to public access by
our users. You can also upload your data.

Create QSAR models

Build QSAR models for predictions of chemical
properties. The models can be based on the
experimental data published in our database.

Run predictions
Apply one of the available models to predict property
you are interested in for your set of compounds.

Screen compounds with ToxAlerts
Screen your compound libraries against structural alerts
for such endpoints as mutagenicity, skin sensitization,
aqueous toxicity, etc.

Tutorials

Check our video tutorials to know more about the
OCHEM features.

474 properties
collected from
12444 sources

Loading

physprop: Mr. physprop iphyschem
33 minutes ago

¢

sveiope: Dr. Vlyacheslav Semenov
34 minutes ago

€

ValeriyaSh: Mrs. Valeriya Sharikova
36 minutes ago

€

midnighter: Dr. Yuriy Sushko
46 minutes ago

€«

igor: Dr. Igor Tetko
about an hour ago

(8

Latest published models

OECD Ready biodegradability model published
: by svarberg
about a week ago

Models ~ A+ e
Check out the Stay with us on
properties available loading tweets...
on OCHEM
OCHEM contains Latest active users
1890150 o Sankalp: Mr. Sankalp Jain

experimental “% 23 minutes ago

records for about

ﬁ HELMHOLTZ
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Osiris property explorer (Actelion)
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log P, log S
log P, log S

log P
log P, log S

log P, log S
log P, log S
log P, logS

log P, logS
log P, logS

log P, log S
log P, log S
log P

log P, log S
log P, logS

logP

Examples of programs available to calculate logP and logS

ACDIabs log P/S

TSAR, VLOGP,
CERIUS
ClogP

CSlogP, CSlogS

S+log P/S
SLIPPER

COSMOTherm,
COSMOFrag
QikProp

SPARC

CHEMICALC-2

KOWWIN,
WSKOWWIN

XLOGP

Osiris
ALOGPS

miLogP

fragmental
several models

fragmental

topological
descriptors
topological

properties
quantum-chemical

guantum-chemical

quantum chemical,
fragmental
atomic values

fragmental

atomic values

atomic values

topological
descriptors
group contributions

Group contribution

linear

linear
neural networks

neural networks
linear
linear

linear
linear

linear
linear

linear

linear
neural networks

linear

www.acdlabs.com
www.accelrys.com

www.biobyte.com
www.chemsilico.com

www.simulations-plus.com
www.timtec.net
www.cosmologic.de

www.schrodinger.com

ibmlc2.chem.uga.edu/spar
C
www.osc.edu/ccl/qcpe

www.epa.gov/opptintr/expo
sure/docs/episuite.htm

WwWWw.sioc-
ccbg.ac.cn/software/xlogp3
organic-chemistry.org

www.vcclab.org

www.molinspiration.com
www.chemicalize.org
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Benchmarking of logP predictors

RMSE  Failed' rank —inemorrange — RMSE | oo o %inerrorrange

Benchmarking was done by Pfizer Method D8 0E e 0o oy
and Nycomed - no data were Consensus log P 0.95 | 48 29 24 094 |058 | 61 32 7
available to participants ALOGPS 1.02 | 41 30 29 101 | 068 1 51 34 15
S+logP 1.02 | 44 29 27 100 [069 | 58 27 15

Several methodg performed_ _ NC+NHET 1.04 Il 38 30 32 104 088 M 42 32 26
worse than making no prediction, MLOGP(S+) 1.05 Il 40 29 31 105 [147 M 32 26 41
XLOGP3 1.07 Il 43 28 29 106 |065 | 55 34 12

MiLogP 110 27 Il 41 28 30 109 (067 | 60 26 14

AB/LogP 112 24 Il 39 29 33 111 (088 W 45 28 27

ALOGP 1.12 Il 39 29 32 112 [072 N 52 33 15

ALOGP98 1.12 Il 40 28 32 110 [073 N 52 31 17

OsirisP 113 6 Il 39 28 33 112 (085 Il 43 33 24

AAM base (o model’) model, R2=0, R
it used just one logP value as CLOGP 1.23 M 37 28 35 121 [ 101 W 46 28 22
predicted value for all 95809 or 882 ACD/logP 1.28 M 35 27 38 128 | 087 MWl 46 34 21
molecules, respectively. CSlogP 129 20 W 37 27 36 128 |106 W 38 29 33
COSMOFrag | 1.30 1088® Ml 32 27 40 130 |[1.06 W 29 31 40

QikProp 132 103 W 31 26 43 132 |[117 W 27 24 49

KowWIN 132 16 Ml 33 26 41 131 [120 W 29 27 44

QLogP 133 24 Wl 34 27 39 132 (080 I 50 33 17

XLOGP2 1.80 m 15 17 68 180 [ 094 WM 39 31 29

MLOGP(Dragon) | 2.03 Il 34 24 42 203 | 090 M 45 30 25

Pfizer set (N =95 809)

Nycomed set (N = 882)

HelmholtzZentrum miinchen

German Research Center for Environmental Health

ﬁ HELMHOLTZ
|ASSOCIATION



"One can not embrace the unembraceable.”

Possible: 10% - 101%° molecules theoretically exist
L2

,. ot

.l
4
’l

Kozma Prutkov
1080 atoms in the Universe

L R

FEiaresid

. ( »

Methods provides different
accuracies depending on a
similarity to the training set
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ADME /Tox Research

Method

Time

Blind in-vitro testing of all compounds

= // V //. e //_' E //.'

Blind in-silico testing of all compounds

e
o R 1 A
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Error increases with complexity of molecules defined
as Number of Non Hydrogen Atoms (NHA)

2.5

ALOGPS
S+logP
MlogP(S+)
XLOGP3
MiLogP
AB/logP
ALOGP
ALOGP98
OsirisP
CLOGP
ACDlogP
—=— GCSlogP
COSMOFrag
QikProp
KowWin
QLogP

AAM
NHA+NHET
Consensus logP

2.0

1.5F

Fititttedt

1.0}

0_0 1 1 1 1 1 1 1 1
10 20 30 40 50

Il

NHA

HelmholtzZentrum miinchen Mannhold, Poda, Ostermann, Tetko, J. Pharm. Sci., 2009, 98(3), 861-893.
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Global model: Accuracy of logP predictions as
function of disagreement of models
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Local models: Instant learning of logP for Pt(II) molecules

H,N_ Cl . ) *
Pt * o
CI/Q:HZN/ ~cl \/ " . x
Cl N Cl * x  x
H,N_ _Cl iN/Pt\ . ¥ *
cl .
HNT / . /\ T R
~ © x « X )
R (G : CoL
N \CI H /PT\ Q Dc;) »*
\ 2 Cl HN. _cl 8 .
HN T Se T .
O *
\N/ Cl x *
QPQQ Skl "
/\ o H, -
logP exp

Prediction of new classes of compounds can be extremely difficult as
exemplified by an absence of correlations between predicted and experimental
values using the ALOGPS program.

HelmholtzZentrum miinchen @ nevinis:
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Local models: Instant learning by knowledge transfer

i Blind * ; .
S - LIBRARY * .o "
0 B ALOGPS I —_ -
g WALOGPS ¥ | " - S Lt
g LIBRARY ;5 | ™ + +
- m3DPSA O . L e
(0v] i + M + i .
) ++ + ¥
= 0 QC DFT U
S, [ L
o . +
x R
Literature set,
N:43 1 1 L 1
logP exp
The use of LIBRARY mode (local correction of the global model)
dramatically (5 times!) decreased logP errors
HelmholtzZentrum miinchen # neLmnovtz
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Local models: Instant learning by knowledge transfer

S

L]

= B ALOGPS
o

i B ALOGPS
-

= LIBRARY
- B 3D PSA
G

(b]

S 0 QC DFT
o

(@]

x

Literature set,
N=43

Root Mean Squared Error

2.5

1.5

Wroclaw set, N=12

B ALOGPS
LIBRARY

B 3D PSA

O QC DFT

The right panel: correction of global ALOGPS model calculated lower errors
compared to the models developed using Pt(Il) data only (3D PSA & QC DFT)
for prediction of new molecules (blind set).
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ALOGPS decreases errors about twice using local
corrections for N=95809 in house Pfizer molecules

ALOGPS Blind prediction ALOGPS LIBRARY
>_
<
&
=
_4 1 ol 1 1 1
-2 0 2 4 6 8
LogPexp
RMSE=1.02 > RMSE=0.59

ca 30 minutes of calculations on a notebook!

HelmholtzZentrum miinchen @?HHMHOUZ
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ALOGPS distinguishes reliable vs. non-reliable predictions
in property-based space

A

60% of molecules
predicted

| with average accuracy of
0.3 log units

could be identified

ALogPS LIBRARY

HelmholtzZentrum miinchen C nevsi
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The use of ALOGPS advanced features dramatically
increase prediction accuracy of the predictions

1 _
0.8 -
0.6 -
B Observed error
0.4 ,
E Estimated error
- .:
0 B T T

Blind prediction LIBRARY (N=96k) Reliable (N=60k)
(N=96k)

The experimental measurements accuracy was achieved for >60,000 Pfizer compounds.

HelmholtzZentrum miinchen 1o ot al, Chem. & Biodivers., 2009, 6(11), 197-202.  f HeLmmoL2
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ADME /Tox Research

Method

Blind in-vitro testing of all compounds

W 4 4 »

A A 4 4

Blind in-silico testing of all compounds

e

o

In-silico testing plus intelligent
testing of selected compounds

[

= 5 + /
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Toxicity

Genotoxicity
Carcinogenicity
Reproductive Toxicity
Developmental Toxicity

Neurotoxicity

etc.
HelmholtzZentrum miinchen C nevsi
German Research Center for Environmental Health | ASSOCIATION



Osiris property explorer (Actelion)
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Toxicity Risk Assessment in Osiris Explorer

Mutagenicity Irritating

Effects

7504 Mutagenic 2372 lrritant
Compounds Compounds
of RTECS of RTECS

3% 4% 4%

(3343 Compound
B High Risk [] Medium Risk [] Low Risk
HelmholtzZentrum miinchen Registry of Toxic Effects of Chemical Substances # weimnovrz
(RTECS)
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-, 48 B

GO for prediction 3

The PASS (Prediction of Activity Spectra for Substances) estimates the

probable biological activity profiles for compounds under study based on their

structural formulae presented in MOLfile or SDfile format

- Predictable biological activities consists of over 4,000 terms including
pharmacotherapeutic effects (e.g., antiarrhythmic)

« biochemical mechanisms (e.g., cyclooxygenase 1 inhibitor)

« toxicity (e.g., carcinogenic)

- metabolism (e.g., CYP3A4 inhibition)

« gene expression regulation (e.g., VEGF expression inhibition)

- transporter-related activities (e.g., P-glycoprotein substrate).

PASS prediction is based on the knowledge base about structure-activity
relationships for more than 260,000 compounds with known biological
activities.

HelmholtzZentrum miinchen

German Research Center for Environmental Health
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Toxicity: Ames Mutagenicity set

http://ml.cs.tu-berlin.de/toxbenchmark

Toxicity against Salmonella typhimurium

Training dataset: 4361 molecules
“Blind” test dataset: 2181 molecules

549% with mutagenic effect

Large international collaboration effort of
>10 labs from USA, Canada, EU, Russia,
the Ukraine & China (see also poster P-22)

Prof. Bruce N. Ames
Inventor of the test (1975)

HelmholtzZentrum miinchen 1Schwaighofer et al, JCIM, 2008, 48, 785-96. 7 weLuwours
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Accuracy of a AMES consensus model as
function of two Distances to Models
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Accuracy of different AMES model as function
of a Distance to Models
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Kazius, 2005, carcinogenicity

o}
N NH.0 NH, ,OH
Ar—I\(/ Ar—NH, ) R—N=0 Ha. N=N —x
o MO N
lAromatic nitro (general) Aromatic amine Three-membered Nitroso (general) Unsubstituted Azo-type (general) Aliphatic halide Polycyclic aromatic
(general) heterocycles (general) heteroatom-bonded (general) system (general)
heteroatomn (general)
o R H
N R N ~, Na 0 b
Ar— N Ar—NH Ar—N=0 g R NS N N=N=N
“or 2 07 "o | © AN yAN
Ry
Aromatic nitro (specific) Aromatic amine Aromatic nitroso Alkyl nitrite (specific) Nitrosamine (specific) Epoxide (specific) Aziridine (specific) Azide (specific)
(specific) (specific)
-
Cc=R=n Ar 0
/ NH, ,OH o
N=N—N N=N 2 —N— — ¥ R—< X
t / rl\l o Ar u OH X . \/\NI
A Ar :
C—N=N
Diazo (specific) Triazene (specific) Aromatic azo (specific) Unsubstituted Aromatic Aliphatic halide Carboxylic a?d halide Nitrogen and sulphur
heteroatom-bonded hydroxylamine (specific) (specific) mustard (specific)
hetercatom (specific 1 ifir)
H & NN
N N ava\ G = 7 i i 0 4 N
(f J ()—\/)_\}:< Hf’_\\a‘—'ff)_{'u o= I e— N— ;(/ Ar—N=N 3o
=N N H HH H AW / 4 H \0_ |
Polycycli ti Bay-region in polycyclic K-region in polyeyclic —_— - )
ycyclic aromatic . N Sulfonate-bonded a, B-Unsaturated Aliphatic N-nitro Diazonium (additional) B-Propiclactone
system (specific) aromatic hydrocarbons aromatic hydrocarbons o I~
¥ P (specific) (specific) carbon atom aldehyde (additional) (additional) (additional)
{additinnall
H
H / | CHs ) “ N\f\‘“‘]
NH -~ N~ . §
\—O HNT HT Ar H \n S g N
H Ar Ar o Polyeyclic planar
) system (additional)
a,B-Unsaturated alkoxy) 1-Aryl-2-monoalkyl Aromatic methylamine Aromatic
(additional) hydrazine (additional) (additional) hydroxylamine ester
{additionaly

ﬁ HELMHOLTZ

| ASSOCIATION

J Med Chem. 2005 Jan 13;48(1):312-20.
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Chemical providers alerts

Life Chemicals, 72 alerts
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ToxAlerts: Storing

Barratt, MD; Toxicol In Vitro 1994, 8 (5) 1053-60
Kazius, J.J. Med. Chem. 2005; 48 (1) 312-20

Mutagenicity
Carcinogenicity

[CX41[CLBrI] ' e Skin sensitization, ...
1, CXANOX 2R [cR1[cRINcRIN[OX2]H 1, CX4][cR1][cR111 SOUI’CE Of mformatlon
[NXIRI[CXARINICHXARACXI{=[0OX1])

\ * Endpoint*
@ARTS PalleM gMARTS - a universal notation to identify molecular
- patterns.

Based on SMILES notation.

o Examples:
Description . Epoxides C10C1
Aldehydes [#6][CX3H1](=[0OX1])

R = any atom/ group; X = CI, Br,

R= “ézotr".ﬂi?;’;ﬂ’m"‘é”ﬂe‘e Carboxylic acid esters [CX4]C(=0)O[#6][!#1]
Extended syntax:
MW > 100 AND [$([NX3](=0)=0),$([NX3+](=0)[O-
DI['#8] > 2
molecules with molecular weight of more than 100 Da
Hetmnotzzentrum muncne @nd containing more than two nitro groups

German Research Center for Environmental 59



Alerts available at http://ochem.eu

Skin sensitization 161
Potential electrophilic agents 120
Genotoxic carcinogenicity, mutagenicity 117
Acute Aquatic Toxicity 99
Idiosyncratic toxicity (RM formation) 35
Non-genotoxic carcinogenicity 5
Promiscuity 178
PAINS 480
Reactive, unstable, toxic compounds 340
General alerts from chemical 280
providers
(reactive, unstable and toxic
compounds)
Enamine 108
ChemDiv 100
Life Chemicals 72
HelmholtzZentrum miinchen # neLmnovtz
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ADMETox in silico prediction challenges

new measurement

ADMETox models should allow navigation in space of molecules with a confidence and:
v' should reliably estimate which compounds can/can’t be reliably predicted.
v provide experimental design and to minimize costs of new measurements.

v' be easily interpretable for chemists

HelmholtzZentrum miinchen @ ieiiiini
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environmental chemoinform

arne cur
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SEVENTH FRAMEWORK
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