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CompuTox… mission impossible?CompuTox… mission impossible?CompuTox… mission impossible?CompuTox… mission impossible?

… or just a difficult mission?… or just a difficult mission?… or just a difficult mission?… or just a difficult mission?



OurOur gurusgurus::OurOur gurusgurus::
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https://eurl-ecvam.jrc.ec.europa.eu/



Some Some preliminarypreliminary definitionsdefinitions::Some Some preliminarypreliminary definitionsdefinitions::

CompuTox… or Predictive Toxicology: CompuTox… or Predictive Toxicology: CompuTox… or Predictive Toxicology: CompuTox… or Predictive Toxicology: 

It is a discipline for the implementation of chemicals policy
(including the safety assessment of industrial chemicals,
chemicals in consumer products, pesticides and biocides)
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chemicals in consumer products, pesticides and biocides)
through the development, assessment and application of
computational, or in silico, methods. These methods,
sometimes referred to as non-test methods, can be used to
reduce our reliance on experimental testing, and in
particular animal testing.

Source: European Union Reference Laboratory for alternatives to animal testing (EURL-ECVAM)



Some Some preliminarypreliminary definitionsdefinitions::Some Some preliminarypreliminary definitionsdefinitions::

in in silicosilico methods: methods: in in silicosilico methods: methods: 

The expression in silico is used to mean "performed on
computer or via computer simulation." The phrase was
coined in 1989 as an analogy to the Latin phrases in vivo and
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coined in 1989 as an analogy to the Latin phrases in vivo and
in vitro which are commonly used in biology and refer to
experiments done in living organisms and outside of living
organisms, respectively.

Source: European Union Reference Laboratory for alternatives to animal testing (EURL-ECVAM)



Some Some preliminarypreliminary definitionsdefinitions::Some Some preliminarypreliminary definitionsdefinitions::

nonnon--test  test  methods: methods: nonnon--test  test  methods: methods: 
A non-test method refers to any non-experimental method or approach
that can be used to provide data for the assessment of chemicals. Data,
produced by a non-test method, are called non-test data. Non-test
methods include QSAR models and read-across/grouping approaches
and can be used to predict in a quantitative or a qualitative manner the

S. MORO – SSVGRCM
M S Confidential and Property of ©2012 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy

and can be used to predict in a quantitative or a qualitative manner the
physicochemical, biological, i.e. (eco)toxicological, and environmental
fate properties of substances from knowledge of their chemical
structure and other properties. Both QSARs and read-across/grouping
approaches are based on the principle that the properties of
substances, including their biological activities, depend on their
chemical structure and hence can be predicted from it (similar
substances have similar properties).

Source: ECHA, Expert Workshop “Dealing with Uncertainty of Non-Test Methods under REACH” 23-24 September 2010.



Why Why in in silicosilico ??Why Why in in silicosilico ??

Experiment Typical Cost per Compound (Experiment Typical Cost per Compound (€€))

Computer modeling 7
Biochemical assay 270
Cell culture assay 2.700
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Source: D.C. Young in “Computational Drug Design: A Guide for Computational and Medicinal Chemists” Wiley, 2009.

Cell culture assay 2.700
Rat acute toxicity 8.100
Protein crystal structure 68.000
Animal efficacy trial 200.000
Rat 2-year chronic oral toxicity 550.000
Human clinical trial 3.500.000



the real drama with the real drama with in vivo in vivo exp: exp: the real drama with the real drama with in vivo in vivo exp: exp: 
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Source: http://www.navs.org/animal-research-numbers-continue-downward-trend-according-to-newly-released-report/



the real drama with the real drama with in vivo in vivo exp: exp: the real drama with the real drama with in vivo in vivo exp: exp: 
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Source: http://www.navs.org/animal-research-numbers-continue-downward-trend-according-to-newly-released-report/



the real drama with the real drama with in vivo in vivo exp: exp: the real drama with the real drama with in vivo in vivo exp: exp: 

mutagenicity
3%

acquatic toxicity
4%

others
23%

Acute and sub-
acute toxicity

37%
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Source: http://www.navs.org/animal-research-numbers-continue-downward-trend-according-to-newly-released-report/

phototoxicity 
3%skin-eye 

corrosion
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skin
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the real drama with the real drama with in vivo in vivo exp: exp: the real drama with the real drama with in vivo in vivo exp: exp: 
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Source: http://www.animalstudies.bayer.com/en/numbers.aspx



REACHREACH:: thethe newnew EuropeanEuropean chemicalschemicals
legislationlegislation
REACHREACH:: thethe newnew EuropeanEuropean chemicalschemicals
legislationlegislation

According to the European Commission (EC)
a new European chemicals legislation is
needed.
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REACH
(Registration, Evaluation, Authorization of  

CHemical substances)
Source: ECHA web site /



REACHREACH:: screeningscreening forfor what?what?REACHREACH:: screeningscreening forfor what?what?

Physico-chemical 
properties 

Environmental fate and 
ecotoxicity 

Human health  

melting point good photodegradation limited acute oral 
toxicity 

limited 

boiling point good hydrolysis limited skin irritation limited 
density  biodegradation good eye irritation limited 
vapour 
pressure 

very good bioaccumulation good skin 
sensitisation 

limited 
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pressure sensitisation 
partition 
coefficient 

very good acute tox to fish good chronic 
mammalian 
toxicity 

very 
limited 

water 
solubility 

very good acute tox to 
invertebrates 

limited mutagenicity in 
vitro 

limited to 
good 

  acute tox to algae limited carcinogenicity very 
limited 

  acute tox to 
bacteria 

limited teratogenicity very 
limited 

  chronic toxicity very 
limited 

  

 
Source: ECHA web site /



Test animal need for different endpoints 
(% of total test animals needed)

Short-term repeated dose

Accumulation

Developm. tox screening

Long-term fish tox

Skin sensitisation

Further mutagenicity

Developm. tox study

Two-generation reprotox

Estimated test animal need for the different endpoints

(van der Jagt et al., 2004)
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In vivo skin irritation

In vivo eye irritation

Acute oral tox

Acute dermal tox

Acute inhalation tox

Short-term fish

Long-term repeated tox

Sub-chronic tox

Carcinogenicity

%Source: ECHA web site /



REACHREACH:: testingtesting costscosts andand testingtesting
needsneeds ((vanvan derder JagtJagt etet alal..,, 20042004;; IHCPIHCP EUREUR reportreport

2140521405))..

REACHREACH:: testingtesting costscosts andand testingtesting
needsneeds ((vanvan derder JagtJagt etet alal..,, 20042004;; IHCPIHCP EUREUR reportreport

2140521405))..

� Direct testing costs: € 2,4 billion (max. scenario)

� Animals numbers: 3,9 million  (max. scenario)
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� Time foreseen: 11 years (http://ecb.jrc.it)

This corresponds to a 3% increase of  the total 
number of  vertebrate test animals used if  no 
alternative intelligent approaches are applied

Source: ECHA web site /



REACHREACH:: andand rememberremember……REACHREACH:: andand rememberremember……

≈ 85% of  toxicological data on ‘old’ chemicals 
are lacking.
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are lacking.

Source: ECHA web site /



• develop screening procedures to effectively identify
chemicals with potentially harmful properties or
uses of concern for the purposes of prioritising
substances for which further information is urgently
needed …(Conclusion 40)

REACHREACH:: thethe CommissionCommission isis invitedinvited toto……REACHREACH:: thethe CommissionCommission isis invitedinvited toto……
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• develop procedures … to simplify the identification
of the relevant testing strategies and reduce the
need for animal testing, including the use of
decision trees and specific screening methods for
all chemicals, such as validated computer
modelling…(Conclusion 43)

Source: ECHA web site /



TheThe principleprinciple ofof 33RR’s’s (Directive(Directive
8686//609609/EEC)/EEC)
TheThe principleprinciple ofof 33RR’s’s (Directive(Directive
8686//609609/EEC)/EEC)

RRefinementefinement:: reducereduce sufferingsuffering andand distressdistress;;

RReductioneduction:: reducereduce numbernumber ofof animalsanimals neededneeded toto
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obtainobtain equivalentequivalent informationinformation;;

RReplacementeplacement:: substitutionsubstitution ofof animalanimal tests,tests, eithereither
completelycompletely oror partiallypartially (certain(certain chemicalchemical typestypes
and/orand/or endpoints)endpoints)..

Source: ECHA web site /



IntelligentIntelligent TestingTesting Strategy,Strategy, ITSITS..
(Bradbury(Bradbury etet alal..,, 20042004))
IntelligentIntelligent TestingTesting Strategy,Strategy, ITSITS..
(Bradbury(Bradbury etet alal..,, 20042004))

(i) In-vitro tests
(ii) Optimised in-vivo tests
(iii) Thresholds of toxicological concern
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(iii) Thresholds of toxicological concern
(iv) SARs and QSARs
(v) Read-across and chemical categories
(vi) Exposure assessment/exposure-based

waiving

Source: ECHA web site /



inin silicosilico andand informaticsinformatics……inin silicosilico andand informaticsinformatics……

Informatics is, in its most general sense, the
science of information.
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I didn’t fond a better representation of this
definition that this:



FromFrom anan informaticsinformatics pointpoint ofof view,view, anyany compucompu
tooltool isis aa virtualizationvirtualization processprocess:: thethe creationcreation ofof
aa virtualvirtual versionversion ofof thethe realreal processprocess..

InformaticsInformatics isis thethe basicbasic sciencescience ofof anyany
virtualizationvirtualization processprocess ::
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ligand

receptor

complex

∆Gbind

(aq)

REAL WORLD
ligand

receptor
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∆Gbind

(aq)

VIRTUAL WORLD



ligand

receptor

complex

∆Gbind

(aq)

REAL WORLD
ligand

receptor

complex

∆Gbind

(aq)

VIRTUAL WORLD

TheThe accuracyaccuracy ofof thisthis virtualizationvirtualization
processprocess isis crucialcrucial::
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complex



ligand

receptor

complex

∆Gbind

(aq)

REAL WORLD
ligand

receptor

complex

∆Gbind

(aq)

VIRTUAL WORLD

MyMy favoritefavorite exampleexample::

S. MORO – SSVGRCM
M S Confidential and Property of ©2012 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy

Q: determine the molecular weight
of benzene?
A:

C6H6
Hydrogen (H) 1.00794 atomic mass
Carbon (C) 12.0107 atomic mass

Molecular weight calculation:
12.0107*6 + 1.00794*6

= 78.11184 g/mol



Now,Now, inin whatwhat informaticsinformatics hashas
influencedinfluenced moremore inin ourour daily life?
Now,Now, inin whatwhat informaticsinformatics hashas
influencedinfluenced moremore inin ourour daily life?

Well,Well, wewe probablyprobably summarizesummarize thethe
answeranswer inin onlyonly oneone wordword::
Well,Well, wewe probablyprobably summarizesummarize thethe
answeranswer inin onlyonly oneone wordword::

S. MORO – SSVGRCM
M S Confidential and Property of ©2012 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy

TimeTimeTimeTime



Informatics… synonymous of  speed?Informatics… synonymous of  speed?Informatics… synonymous of  speed?Informatics… synonymous of  speed?
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InformaticsInformatics…… thethe BigBig Data’sData’s era!era!InformaticsInformatics…… thethe BigBig Data’sData’s era!era!
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1 PetaB = 1000000000000000B = 1015bytes = 1000 terabytes. 



InformaticsInformatics…… thethe BigBig Data’sData’s era!era!InformaticsInformatics…… thethe BigBig Data’sData’s era!era!

Dropbox has grown enormously since launching in 2008, surpassing 500 million
signups and 500 petabytes (i.e., 5 followed by 17 zeroes!) of user data. That’s
almost 14,000 times the text of all the books in the Library of Congress. To give
you a sense of the incredible growth we’ve experienced, we had only about 40
petabytes of user data when I joined in 2012. In the 4 years since, we’ve seen
over 12x growth.
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The experiments in the Large Hadron Collider produce about 15 petabytes of
data per year, which are distributed over the Worldwide LHC Computing Grid. In
July 2012 it was revealed that CERN amassed about 200 petabytes of data from
the more than 800 trillion collisions looking for the Higgs boson.

It is estimated that the human brain's ability to store memories is equivalent to
about 2.5 petabytes of binary data.



TheThe principleprinciple ofof 33RR’s’s (Directive(Directive
8686//609609/EEC)/EEC)
TheThe principleprinciple ofof 33RR’s’s (Directive(Directive
8686//609609/EEC)/EEC)

RRefinementefinement:: reducereduce sufferingsuffering andand distressdistress;;

RReductioneduction:: reducereduce numbernumber ofof animalsanimals neededneeded toto

S. MORO – SSVGRCM
M S Confidential and Property of ©2012 Molecular Modeling Section 

Dept. Pharmaceutical and Pharmacological Sciences –University of Padova - Italy

obtainobtain equivalentequivalent informationinformation;;

RReplacementeplacement:: substitutionsubstitution ofof animalanimal tests,tests, eithereither
completelycompletely oror partiallypartially (certain(certain chemicalchemical typestypes
and/orand/or endpoints)endpoints)..



SubstitutionSubstitution:: aa “magic”“magic” word!word!SubstitutionSubstitution:: aa “magic”“magic” word!word!
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from the real from the real 
worldworld

to the virtual to the virtual 
worldworld



SubstitutionSubstitution:: aa “magic”“magic” word!word!SubstitutionSubstitution:: aa “magic”“magic” word!word!
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from the real from the real 
worldworld

to the virtual to the virtual 
worldworld



(Q)SAR(Q)SAR:: aa paleopaleo versionversion ofof thethe BunnyBunny
Avatar!Avatar!
(Q)SAR(Q)SAR:: aa paleopaleo versionversion ofof thethe BunnyBunny
Avatar!Avatar!

In the real world:In the real world:

cause

effect
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In the virtual world:In the virtual world:

(alphanumeric) chemical
properties

(alphanumeric) toxicity 
data  

f(x) ?

effect


