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Drug Research and Development: From Idea to Pharmacy 

Mohsa R.C., Greig N.H. Drug discovery and development: Role of basic biological research. 
Alzheimer’s & Dementia: Translational Research & Clinical Interventions, 2017, 3: 651-657.



Drug Repositioning: Time, Costs, Risks estimates

Poroikov V., Druzhilovskiy D. Drug Repositioning: New Opportunities for Older Drugs. In: In Silico Drug Design, 1st Edition. 
Repurposing Techniques and Methodologies. Chapter 1. Editors: Kunal Roy. Elsevier, Academic Press, 2019, p. 3-17.



How to increase the chances for development of new drugs?

If any new drug 
exists that has 

been discovered 
without 

computations?

Target-Based Drug Design

Ligand-Based Drug Design

Network 
Pharmacology



PASS 2019 version (launched in July, 2019)  

Burov Yu.V., Poroikov V.V., Korolchenko L.V. National system for registration and biological testing of chemical compounds: facilities for new drugs 
search. Bulletin of the National Center for Biologically Active Compounds, 1990, No. 1, p.4-25 (Rus.).
Poroikov V.V., Filimonov D.A., Gloriozova T.A., et al. Computer-aided prediction of biological activity spectra for organic compounds: the possibilities 
and limitations. Russ. Chem. Bull., 2019, 68 (12), 2143-2154. DOI: 10.1007/s11172-019-2683-0

SAR Base Information   1989            2019
Substances 9 314   1 025 468
Descriptors 106 816
Activity Types 114           8 054
Selected Activity Types    5 066
Average IAP                       0.74             0.96
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“One of the earliest and most widely used examples of data-
mining target elucidation is the continuously curated and
expanded Prediction of Activity Spectra for Substances (PASS)
software, which was assimilated from the bioactivites of more
than 270,000 compound-ligand pairs.”
Mervin L.H., … , Bender A. Journal of Cheminformatics, 2015, 7: 51.

Andreas Bender
(University of Cambridge)



Important remarks regarding the starting point of this project
(seventies – eighties of the XX century)

Most of the pharmacological experiments 
were performed in vivo/ex vivo.

 Pharmacological effects were observed at the organism’s level that leaded 
to the potential variety of molecular mechanisms of action.  

Chemical compounds were synthesized by different chemists, 
in different institutions, for different purposes.

 Significant heterogeneity of chemical classes of the compounds submitted 
for the state registration.



PASS: Development & Updating Workflow 

Full text publications, databases, presentations at conferences, etc.

Reliable data on structure and activity of drug-like molecules

PASS Training Set

Training 
procedure

SAR knowledgebaseNew Molecule Prediction Results

MNA Descriptors Bayesian algorithm



Both Chemical and Biological Data Must be Curated

Muratov, Fourches, Tropsha. Trust but verify. 
J. Chem. Inf. Model. 2010, 50:1189-1204.

Fourches, Muratov, Tropsha. 
Nat Chem Biol. 2015,11:535. 

Thanks to the courtesy of Alex Tropsha (presentation at the XX Mendeleev Congress, Ekaterinburg, 2016).  

Fourches, Muratov, Tropsha. Trust but verify II. 
J. Chem. Inf. Model. 2016, 56:1243. 

Alex Tropsha



PharmaExpert: Interpretation of the predictions

Poroikov V. et al. In: QSAR and Molecular Modelling in Rational Design of Bioactive Molecules. Ankara, CADD & D Society, 2005, p.514.

Lagunin A. et al. Chemo- and bioinformatics resources for in silico drug discovery from medicinal plants beyond their traditional use: a 

critical review..  Nat. Prod. Rep., 2014, 31: 1585.

Alexey Lagunin



Filimonov D.A. et al. SAR and QSAR Environ. Res., 2009, 20: 679-709.

GUSAR: General Unrestricted Structure-Activity Relationships

Alexey Zakharov
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METAPREDICT
No. 2004610666 of 12.03.2004

PASS
No. 2006613275 of 15.09.2006

PreTox
No. 2006613276 of 15.09.2006

PharmaExpert
No. 2006613590 of 16.10.2006

GUSAR
No. 2006613591 of 16.10.2006

BIOGENPHARM
No. 2006614395 of 15.02.2007

BIOGENERATOR
No. 2006614396 of 15.02.2007

NetFlowEx
No. 2011617330 of 26.05.2011

Net2Target
No. 2014660877 of 17.10.2014

PASS CLC Pred
No. 2016610382 of 11.01.2016 

PASS Targets
No. 2016610846 of 20.01.2016 

PASS SMP
No. 2016663627 of 13.11.2016 

Our Software Registration by the Russian State Patent Agency



Our freely available predictive web-services

Dmitry  
Druzhilovskiy

Anastassia 
Rudik

20 predictive 
web services

. . .



PASS, PharmaExpert and GUSAR: Some Applications 



Could we estimate in silico which drug is not safe enough? 

Predicts ~500
adverse and toxic 

effects 

Toxicity Index (TI) = ∑ Nadv&tox
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For 88% of 276 withdrawn drugs TI exceeds 
the Threshold. 

For Fenspiride TI = 293; 
threshold exceeded by 
more than twice.

Poroikov V., Filimonov D. et al., 2020. Unpublished.



Based on our long-term studies in bio- and chemoinformatics, we developed
general computational methods predicted with reasonable accuracy many
biological activities/properties using structural formula of drug-like compound
as an input data.

We developed 20 web-services that are widely used by about 24 thousand
researchers from 100 countries; more than 800 independent papers published
with the appropriate citations.

Further development of these resources requires integration, curation of the
information, improvement of functionality, etc.

Active cooperation between the researchers working in the field of drug
discovery will be beneficial for all parties.

Summary and further prospects
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Thank you for your kind attention!

Your questions, please, address to: vladimir.poroikov@ibmc.msk.ru; vvp1951@yandex.ru


