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Information technologies for identification of endocrine disrupting chemicals

Highlights:
= Human health and global chemical safety

= Recent achievements in computational chemistry

= Application of computer tools for identification of

estrogen disrupting chemicals (EDC)
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EDC Research Timeline

Historical landmarks in the EDCs Research

Silent Spring

The book “Silent WHO Issues First Endocrine Introduction of
Spring” by the The term Global Society issues the term
American biologist “Endocrine Assessment of Position “metabolism-
Rachel Carsonwas The “DES Disrupter”is the State ofthe  First use of the Statementson  disrupting
published. catastrophe” firstlyintroduced. ScienceofEDCs  term“obesogen” EDCs chemicals”
we2 1 1m0 2000 |GGG 205
Its publication was a Children born to During Wingspread  The document In 2006, researchers The Task Force’s Parma consensus
seminal event forthe  mothers prescribed  meeting, where 21 examined human atthe Universityof ~ work resultedina  statement proposed
environmental DES were found to international health impacts on California, Irvine, comprehensive the term
movement and have increased riskof  scientists from 15 reproduction, highlightedthe role  scientific document  “matabolism-
resulted in a large arare reproductive different disciplines  neurobehavior, of environmental published in 2009 as disrupting chemicals
public outcry that tract cancer in their convened to share cancer, the immune  chemicals in the the Society’s first (MDCs)” to describe
eventually led, in 1972, early 20’s. DES is their research system, and other emerging nhacity Scientific Statement. the onvironmantal
to a ban on the recognized as a relevant to endocrine systems  epidemic and coined chemicals that have
agricultural use of DDT  transplacental transgenerational potentially the term the ability to
in the USA. carcinogen. health impacts, the  vulnerable to EDCs  “obesogen”. promote diabetes,
term "endgcn'ne obesity and fatty
disruption” was liver, through
coined. perturbing

https://doi.org/10.3389/fend0.2019.00112

metabolism at
multiple levels.



Computational chemistry and human health

Xenobiotics in the environment

Unknown
biological effect(s)
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Computational chemistry and human health

How many chemicals are
available in the EU environment

Do we know their
possible biological/toxic
effect(s)



Computational chemistry and human health

European CHemicals Agency
Helsinki, Finland

REACH is the European Regulation on
Registrtion, Evaluation, Authorisation and
Restriction of Chemicals.

It entered into force in 2007, replacing the
former legislative framework for chemicals in

the EU.



Computational chemistry and human health

European CHemicals Agency
Helsinki, Finland

REACH is the European Regulation on
Registrtion, Evaluation, Authorisation and
Restriction of Chemicals.

It entered into force in 2007, replacing the
former legislative framework for chemicals in
the EU.

The Aim is to evaluate the potential risk to
human health of 30,000 chemicals used in
sufficiently high volume (1 tonne or more per
year).



Computational chemistry and human health

The main question is
how to assess the potential
risk of those 30,000 chemicals
to harm human health?




Computational chemistry and human health

&) OECD YECHA

BETTER POLICIES FOR BETTER LIVES EUROPEAN CHEMICALS AGENCY

= Ld |
NICEATM Health Canada
USA

The REACH legislation allows assessment of the chemicals based on
alternative non-testing methods. In this respect a non-commercial
software tool called OECD QSAR TOOLBOX have been developed and
used for prediction of variety biological/toxic effects.



Computational chemistry and human health

The OECD QSAR Toolbox
for Grouping Chemicals
into Categories

Developed by LMC, Bulgaria
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Computational chemistry and human health

Main actions performed by the Toolbox:

 Indicates if a chemical is included in national/regional regulatory inventories

or existing chemical categories.
« Searches for available experimental results for the chemical of interest.
« Explores a chemical list for possible similar chemicals.
« Extracts experimental data for similar chemicals.

« Allows user to construct and apply their own models



Presentation
Summary

» Landmarks in EDC Research and computational

chemistry

= Prediction the binding effect of chemicals toward

the estrogen receptor

= Conclusions



Quantitative Structure — Activity Relationship

QSAR method for idenstification of EDCs

Structure =— (Q)SAR —  Effect

Molecule Chemical




Prediction the binding effect of chemicals toward the estrogen receptor

Specificity of receptor-ligand interactions
Schematic representation of ER binding pocket

« Recognized are three sites of interaction within the pocket”
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Prediction the binding effect of chemicals toward the estrogen receptor

Specificity of receptor-ligand interactions
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Prediction the binding effect of chemicals toward the estrogen receptor

Steps in Estrogen hormon-receptor function
Stimulates development and maintenance of female sexual characteristics.

SAR/QSAR In vitro In Vivo

Motecular level Cell response Tissue/org

Gene

Xenobiotic Binding to ER - Proliferation Development




Modelling steps and prediction of EDCs
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Prediction the binding effect of chemicals toward the estrogen receptor

"\ OSAR Toolbox 4.2 [Document 1]
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Prediction the binding effect of chemicals toward the estrogen receptor

QSAR Toolbox 4.2 [Document 1] - *
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Prediction the ER binding effect of specific chemical

Case study for 3-methyl-4-pentylphenol

If data is not available
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1) Input target chemical 2) Search for
experimental data model for prediction

3) Applying rules or



Prediction the ER binding effect of specific chemical

Case study for 3-methyl-4-pentylphenol
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Prediction the ER binding effect of specific chemical

Predicted as weak binder to the estrogen receptor
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CONCLUSIONS

= Computational tools could be used successfully for
identification of EDCs

» Users of the QSAR Toolbox software are able to
apply different techniques for predictions

= Theoretical predictions reduces significantly
financial resources for experimental tests
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