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Some Information About Natural Compounds

At the end of XX century about 80 percent of the 
world population to some extend are using natural 
compounds as medicines1. 

 Pharmaceuticals of vegetable or microbial origin 
make up more than 30% of global sales2.

About 70% of NCEs were obtained on the basis of 
natural products in 1981-20063.

1 World Health Organization
2 Sneader W. Drug Discovery: A History. Wiley: Chichester, 2005, 88-150.
3 Newman D.J., Cragg G.M. J. Nat. Prod., 2007, 70:461-477. 



Greater chemical diversity in comparison 
with the compounds obtained using only 
synthetic methods.  

 Better ADME/T characteristics.

Advantages of Natural Compounds

Гинкго 
двулопастной
Ginkgo biloba

Зверобой 
продырявленный

Hypericum perforatum

Черника 
обыкновенная

Vaccinium myrtillus

Эхинацея  
пурпурная

Echinacea purpurea



Traditional Indian Medicine (Ayurveda)
A lot of empirical knowledge about 

pharmacotherapeutic properties of natural 
products is accumulated in Traditional Indian 
Medicine (TIM) Ayurveda, which is known earlier 
than 1000 years BC.

 Some Ayurvedic plants are included into the list of 
national Indian priorities. 



Problems with Study of Phytocomponents

Utilization of extracts in a folk medicine.

 The difficulty of separation of each component in 

pure form.

 Changes in composition of components depending 

on the location and time of collection.

 Pleiotropic (multitargeted) action.



The empirical knowledge contained in Ayurveda can 

be currently analyzed using modern computer-aided 

methods. 

Such studies could give information about the basic 

mechanisms of TIM actions, providing the basis for 

rational design of new medicinal plant combinations, 

and identification of new lead compounds for future 

pharmaceuticals.

Analysis of Ayurvedic (TIM) Medicines 
Using In Silico Approaches



Some Publications on Computational Studies of TIM



Requirements for a computer program evaluated
biological activity profiles (spectra) 

Predicts
(ideally) all known 

activities

Prediction on the basis 
of structural formulae 

(MOL or SDF) 

Possibility of 
training  with a new 

data

User-friendly interface



Biological activity is one of the most important characteristics of
organic compound, which provides the basis for its use in
therapeutic purposes. Biological activity reflects the result of
interaction between the substance and biological object, and
depends on substance structure and properties, biological object
(species, sex, age), and mode of action (administration route,
dose). Biological activity spectrum of an organic compound is the
set of different kinds of biological activity that reflect the results
of the compound's interaction with various biological entities. It
represents the "intrinsic" property of a substance depending only
on its structure. This is a qualitative characteristic property of a
substance that depends only on its molecular structure.

Biological activity spectra of organic compound

Poroikov V. et al. Automatic Documentation and Mathematical Linguistics, 1993, 27: 40-43. 
Filimonov D. Chemistry of Heterocyclic Compounds, 2014, No. 3, 483-499. 



Structure-activity relationships: (Q)SAR

Molecular descriptors

Mathematical methods

Sub-structural (-COO, -NH2, -OH, С6Н5, и др.); physical-chemical 
(molecular weight, melting point, IR frequencies, chemical shifts in 
NMR, etc.); molecular connectivity, Wiener indices, Balaban indices, 
hydrophobicity constant, pKa, van der Waals volume, Log P,  water 
solubility, etc. (several thousand).

Multiple linear regression (MLR); non-linear regression; partial least squares (PLS); 
regression on principal components (PCR); artificial neural networks (ANN); similarity 
matrices; genetic algorithms; support vector machine (SVM); cluster analysis (CA); 
discriminant analysis; etc.



The spatial configuration of the free 
uncharged molecules in the ground state 
in a vacuum is a necessary and sufficient 
description of its structure.
The use of this molecular structure 
description 
requires substantial computational 
resources for molecular modeling and/or 
quantum-chemical calculations.

However, the basis of all calculations 
is the traditional structural formula. 

Chemical structure representation

Thus, the structural formula 
uniquely determines all properties 
of the organic molecule.

Influence of the environment? 

- Structural formula determines, at 
least, potential “intrinsic" 
properties of the molecule.

http://upload.wikimedia.org/wikipedia/commons/9/99/Clopidogrel_3D.png
http://upload.wikimedia.org/wikipedia/commons/9/99/Clopidogrel_3D.png
http://upload.wikimedia.org/wikipedia/commons/d/dd/Clopidogrel_chemical_structure.png
http://upload.wikimedia.org/wikipedia/commons/d/dd/Clopidogrel_chemical_structure.png


The most biological activities of organic compounds are the result of molecular 
recognition, which in turn depends on the correspondence between particular 
atoms of the ligand and the target.

MOLECULAR BIOLOGY
QUANTUM CHEMISTRY

QUANTUM FIELDS THEORY

M = V + VgM = V + VgV + VgVgV + VgVgVg + …
Mi = Vi + VigM = Vi + Vig(M1 + M2 + … + Mm)

Descriptors are based on the concept of atoms’ of molecule taking into account 
the influence of the neighborhoods:
MNA - Multilevel Neighborhoods of Atoms
QNA - Quantitative Neighborhoods of Atoms
LMNA - Labeled Multilevel Neighborhoods of Atoms

Filimonov D.A., Poroikov V.V. In: Chemoinformatics Approaches to Virtual Screening. Eds. 
Alexandre Varnek and Alexander Tropsha. Cambridge (UK): RSC Publishing, 2008, 182-216.
Filimonov D.A. et al. SAR and QSAR Environ. Res., 2009, 20: 679-709.
Rudik A.V. et al. J. Chem. Inform. Model., 2014, 54: 498–507.

Neighborhoods of atoms descriptors

D.A. Filimonov



Substance representation: Clopidogrel

Cl

N

O O

S

Activity Spectrum
Abdominal pain
Acute neurologic disorders treatment
Agranulocytosis
Allergic reaction
Anaphylaxis
Anemia
Angioedema
Angiogenesis inhibitor
Antianginal
Antiarthritic
Anticoagulant
Antineoplastic
Antipsoriatic
Antithrombotic

. . .
112 known activities in PASS SAR Base

HC
CHHHO
CHHCC
CHHCN
CHCC
CHCCN
CHCS
CCCC
CCCS
CCCCl
CCOO
NCCC
OC
OCC
SCC
ClC

C(C(CCC)C(CC-H-H)S(CC))
C(C(CCC)C(CS-H)-H(C))
C(C(CCC)N(CC-C)-H(C)-H(C))
C(C(CCS)C(CC-H)C(CN-H-H))
C(C(CCS)C(CN-H-H)-H(C)-H(C))
C(C(CC-H-H)N(CC-C)-H(C)-H(C))
C(C(CC-H)C(CC-H)-H(C))
C(C(CC-H)C(CC-C)-H(C))
C(C(CC-H)C(CC-C)-Cl(C))
C(C(CC-H)C(CC-Cl)-H(C))
C(C(CC-H)C(CC-Cl)-C(CN-H-C))
C(C(CC-H)S(CC)-H(C))
N(C(CN-H-H)C(CN-H-H)-C(CN-H-C))
S(C(CCS)C(CS-H))
-H(C(CC-H))
-H(C(CC-H-H))
-H(C(CN-H-H))
-H(C(CS-H))
-H(-C(CN-H-C))
-H(-C(-H-H-H-O))
-C(C(CC-C)N(CC-C)-H(-C)-C(-C-O-O))
-C(-H(-C)-H(-C)-H(-C)-O(-C-C))
-C(-C(CN-H-C)-O(-C)-O(-C-C))
-O(-C(-H-H-H-O)-C(-C-O-O))
-O(-C(-C-O-O))
-Cl(C(CC-Cl))

MNA Descriptors (1st and 2nd levels)Structural formula



Reliable data on structure and activity of drug-like molecules

Training 
procedure

New molecule Prediction results

MNA descriptors Bayesian algorithm

SAR knowledgebase 

Full text publications, databases, presentations at conferences etc.

Filimonov D.A. et al. Chem. Heterocycl. Comps., 2014, 50: 444-457.  

PASS Training set 
(~1 mln structures)

PASS: Prediction of Activity Spectra for Substances



PASS 2014 Characteristics

1. Filimonov D.A. et al. J. Chem. Inform. Computer Sci., 1999, 39: 666-670.
2. Filimonov D.A., Poroikov V.V. Chemoinformatics Approaches to Virtual Screening, 2008, 182-216. 
3. Poroikov V.V. et al. J. Chem. Inform. Computer Sci., 2000, 40: 1349-1355.

Training Set 959,801 drugs, drug-candidates, 
pharmacological and toxic substances 
comprise the training set

Biological Activity 7,158 biological activities can be predicted 
(Active vs. Inactive)

Chemical Structure Multilevel Neighborhoods of Atoms (MNA) 
descriptors [1, 2]

Mathematical 
Algorithm

Bayesian approach was selected by 
comparison of many different methods [2]

Validation Average accuracy of prediction in LOO CV 
for the whole training set is ~95% [2]; 
robustness was shown using principal 
compounds from MDDR database [3]



Results of PASS Prediction for Clopidogrel



Results of PASS Prediction for Clopidogrel
Abdominal pain
Acute neurologic disorders  
treatment
Agranulocytosis
Allergic reaction
Anaphylaxis
Anemia
Angioedema
Angiogenesis inhibitor
Antianginal
Antiarthritic
Anticoagulant
Antineoplastic
Antipsoriatic
Antithrombotic
Anxiety
Arthralgia
Atherosclerosis treatment
Back pain
Behavioral disturbance
Blindness
Bronchoconstrictor
Cardiotoxic
Cataract
CCL4 expression enhancer
CCL5 expression enhancer
Chest pain
Colic
Colitis

Conjunctivitis
Consciousness alteration
Constipation
Cough
CYP2 substrate
CYP2C substrate
CYP2C19 inhibitor
CYP2C19 substrate
CYP2C9 inhibitor
CYP3A substrate
CYP3A4 substrate
Cytochrome P450 inhibitor
Dermatitis
Dermatologic
Dizziness
Drug eruption
Dyspepsia
Emetic
Eosinophilia
Erythema
Erythema multiforme
Exanthema
Flatulence
GP IIb/IIIa receptor antagonist
Hallucinogen
Headache
Heart failure
Hematotoxic
Hemorrhage

Henoch-Schonlein purpura
Hepatic failure
Hepatitis
Hepatotoxic
Hypertensive
Hyperthermic
Hypotension
Infection
Insomnia
Lassitude
Leukopenia
Lichen planus
Lichenoid eruption
Malaise
Menstruation disturbance
Myalgia
Nausea
Necrosis
Nephrotoxic
Neuroprotector
Neutropenia
Ocular toxicity
Pain
Pancreatitis
Pancytopenia
Platelet aggregation inhibitor
Platelet antagonist
Pruritus
Pulmonary embolism

Purinergic P2 antagonist
Purinergic P2T antagonist
Purinergic P2Y antagonist
Purinergic P2Y12 antagonist
Purinergic receptor antagonist
Purpura
Renal colic
Reproductive dysfunction
Rhinitis
Sensory disturbance
Serum sickness
Shock
Sinusitis
Sleep disturbance
Stomatitis
Syncope
THBS1 expression enhancer
Thrombocytopenia
Toxic
Toxic epidermal necrolysis
Toxic, gastrointestinal
TP53 expression enhancer
Urticaria
Vasculitis
Vertigo
Vision disturbance

Blue – predictions coincided with the experiment.
Black – unpredictable activities. Red – unpredicted activities. 



PharmaExpert: Interpretation of the prediction results

A. Lagunin



www.way2drug.com/Projects.php

Web-services based on our methods

D. Druzhilovsky

A. Rudik

A. Zakharov



Some examples of practical applications of biological 
activity spectra prediction

Athina Geronikaki, 
AUT, Greece

Rajesh Goel, 
PU, India

Marc Nicklaus, 
NCI/NIH, USA

Sergey Kryzhanovsky, 
Inst. of Pharmacol., Russia



Examples of search for new compounds based on predictions 



Sources of information about natural products:
Dictionary of Natural Products

Chemical, physical, and biological data on more than 
259,859 compounds contained in over 68,000 entries.

http://dnp.chemnetbase.com/



Sources of information about natural products:
InterBioScreen Natural Compounds database

Over 55 000 natural compounds available in stock.



http://way2drug.com/plants

Natural products are used in folk medicine
since many thousands year. They represent a
significant, though often underappreciated
resource for the development of new
medicines.

Criteria:
(1) Ayurvedic /traditional medicinal use;
(2) adequately explored for phytochemical

analysis;
(3) unexplored for pleiotropic pharmacological

studies.

Content:
(1) 50 medicinal plants;
(2) structural formulae of 1906 

phytochemicals; 
(3) biological activity of 288 phytochemicals.

Lagunin A.A. et al. Biomedical Chemistry, 2015, 61: 286-297.

Sources of information about natural products:
our Ayurvedic Medicines database



Reference set of synthetic molecules: ChemBridge DVS



Comparison of three chemical libraries: 
distribution by molecular weights



Comparison of three chemical libraries: 
average number of biological activities*

*Predicted by PASS for one structure.
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Comparison of three chemical libraries: 
pharmacological potential (PP)*

*PP = Number of predicted effects / Number of predicted mechanisms



Comparison of predicted and known activities for 
phytoconsituents from fifty TIM medicinal plants

Blue – predicted; red – not predicted
Druzhilovskiy D., Rudik A., Ivanov S., Lagunin A., Filimonov D., Dinesh Gawande, Rajesh 
Kumar Goel, Vladimir Poroikov. (2012). Computer-aided analysis of hidden potential in 
traditional Indian medicine Ayurveda. Abstr. 19th EuroQSAR Symposium, Vienna, Austria, 
August 26-30, p. 128.



0,948  0,001  Preneoplastic conditions treatment Goel A. et al., 2008
0,939  0,004  Mucositis treatment Barasch A. et al., 2006
0,937  0,003  Feruloyl esterase inhibitor
0,931  0,002  Ulcer, gastric
0,924  0,005  Retinal oxidase inhibitor
0,898  0,002  Beta-carotene 15,15'-monooxygenase inhibitor
0,900  0,009  Aspulvinone dimethylallyltransferase inhibitor
0,892  0,003  CYP1A inhibitor Patel R., et al., 2007
0,893  0,005  Sneezing
0,897  0,012  NADH dehydrogenase (ubiquinone) inhibitor
0,891  0,014  Membrane integrity agonist
0,864  0,003  Monophenol monooxygenase inhibitor Panich U. et al., 2010
0,864  0,005  Non mutagenic, Salmonella
0,851  0,003  Ulcer, peptic
0,860  0,012  Antacid
0,843  0,002  Histone acetyltransferase inhibitor Israel M. et al., 2011
0,841  0,004  Antiinflammatory, intestinal Goel A. et al., 2008
0,855  0,023  Antieczematic Alhosin M. et a., 2011
0,832  0,002  Leukotriene C4 antagonist Yoon J-H. et al., 2005
0,834  0,005  Linoleate diol synthase inhibitor
0,828  0,002  CYP1A1 inhibitor
0,829  0,004  Reductant
0,831  0,010  Gluconate 2-dehydrogenase (acceptor) inhibitor
0,822  0,003  CYP1A inducer
0,834  0,015  Chlordecone reductase inhibitor
0,840  0,023  Ubiquinol-cytochrome-c reductase inhibitor
0,819  0,003  Choleretic Deters M. et al., 2003
0,816  0,002  GST P1-1 substrate
0,814  0,002  Vanillyl-alcohol oxidase inhibitor
0,813  0,002  GST P substrate
0,820  0,010  HIF1A expression inhibitor Choi H. et al., 2006
0,809  0,002  CYP1A1 inducer
0,802  0,004  Ulceration
0,796  0,004  Antimutagenic Biswas J. et al, 2010
0,821  0,032  Subarachnoid hemorrhage
0,796  0,014  GST A substrate
0,823  0,041  Porphyria
0,784  0,003  Steroid N-acetylglucosaminyltransferase inhibitor
0,779  0,007  Antihypercholesterolemic Deters M. et al., 2003
0,774  0,003  Leukotriene C antagonist Yoon J-H. et al., 2005
0,771  0,005  UDP-glucuronosyltransferase substrate
0,770  0,005  Apoptosis agonist Goel A. et al., 2008
0,757  0,003  Free radical scavenger Hatcher H. et al., 2008
0,761  0,010  Hypercholesterolemic
0,746  0,008  Caspase 3 stimulant Karmakar S. et al., 2007
0,742  0,004  Carminative
0,741  0,004  MAP kinase stimulant Suh HW et al., 2007
0,746  0,017  Mucomembranous protector
0,731  0,004  Glutathione S transferase substrate
0,744  0,020  CYP2 substrate
0,732  0,016  Fibrinolytic Ameye L.G. et al., 2006
0,728  0,018  Aldehyde oxidase inhibitor
0,711  0,003  4-Coumarate-CoA ligase inhibitor
0,714  0,010  CYP2D6 substrate
0,733  0,030  Membrane permeability inhibitor Morin D. et al., 2001
0,737  0,034  Sweating
0,717  0,016  Vasoprotector
0,708  0,007  Chemopreventive Goel A. et al., 2008
0,735  0,036  Glaucoma
0,701  0,002  HIV-1 integrase inhibitor Burke T. et al., 1995
0,743  0,045  Chorea
0,721  0,023  Urine discoloration
0,730  0,034  Toxic, vascular
0,734  0,040  Hematotoxic
0,702  0,010  Irritation
0,697  0,007  Laryngospasm
0,691  0,004  GST M substrate
0,690  0,003  NOS2 expression inhibitor Zheng M. et al., 2004
0,694  0,012  CYP2D substrate
0,666  0,003  HIV-1 integrase (3'-Processing) inhibitor
0,680  0,017  Fatty-acyl-CoA synthase inhibitor Zhao J. et al., 2011
0,659  0,004  Antioxidant Itokawa H. et al., 2008
0,671  0,018  Antiinflammatory Itokawa H. et al., 2008
0,721  0,072  Phosphatidyl-N-methylethanolamine N-methyltransferase inhibitor Goel A. et al., 2008
0,662  0,014  Caspase 9 stimulant
0,653  0,005  Radiosensitizer Aravindan N. et al., 2008
0,648  0,002  HIV-1 integrase (Strand Transfer) inhibitor
0,649  0,004  Peroxidase substrate
0,700  0,058  CYP2J substrate
0,645  0,004  Transcription factor NF kappa B inhibitor Amoli MM. et al., 2006
0,683  0,042  Depression
0,648  0,007  Antiulcerative Goel A. et al., 2008
0,646  0,009  Vasodilator, renal Ahn CM. et al., 2009
0,676  0,042  Urinary urge
0,641  0,009  Hepatoprotectant Somchit N., 2008
0,644  0,013  Cytoprotectant Sood et al., 2011
0,652  0,022  Smooth muscle myosin light chain kinase inhibitor
0,641  0,012  Anticarcinogenic Corona-Rivera A. et al., 2007
0,647  0,019  Cytochrome P450 inhibitor
0,636  0,009  Vasodilator, cerebral
0,632  0,005  Chemoprotective Goel A. et al., 2008
0,651  0,027  CYP2C8 inhibitor
0,686  0,062  Myopathy
0,623  0,003  Aryl sulfotransferase inhibitor Vietri M. et al., 2003
0,622  0,005  Antineoplastic (multiple myeloma) Goel A. et al., 2008
0,642  0,026  Skin necrosis
0,646  0,030  Gastrointestinal hemorrhage
0,668  0,056  Postural (orthostatic) hypotension
0,612  0,007  CYP2E1 inducer
0,646  0,051  15-Oxoprostaglandin 13-reductase inhibitor
0,610  0,019  Conjunctivitis
0,594  0,004  Transcription factor inhibitor Thaloor D. et al., 1999
0,595  0,006  Thyrotropin receptor antagonist
0,662  0,074  Hypomania
0,587  0,004  3-Demethylubiquinone-9 3-O-methyltransferase inhibitor Liu Z. et al., 2008
0,615  0,033  Fibrosis, interstitial
0,630  0,050  Parkinsonism
0,609  0,030  2-Hydroxyquinoline 8-monooxygenase inhibitor
0,637  0,061  Antiseborrheic
0,573  0,003  TNF expression inhibitor Goel A. et al., 2008
0,575  0,011  HMOX1 expression enhancer Pugazhenthi S. et al., 2007
0,575  0,013  Proliferative diseases treatment Anand P. et al., 2008
0,573  0,012  Pyruvate decarboxylase inhibitor Fujiwara H. et al., 2008
0,578  0,019  Sensitization
0,571  0,013  Plastoquinol-plastocyanin reductase inhibitor
0,592  0,036  Tachycardia, supraventricular
0,565  0,010  Antineoplastic (cervical cancer) Goel A. et al., 2008
0,564  0,010  Antimycobacterial Changtam C. et al., 2010
0,574  0,020  Radioprotector Goel A. et al., 2010
0,562  0,009  GABA aminotransferase inhibitor
0,608  0,055  Shivering
0,559  0,007  Antineoplastic (colorectal cancer) Goel A. et al., 2008
0,579  0,028  Trans-acenaphthene-1,2-diol dehydrogenase inhibitor
0,599  0,049  Protoporphyrinogen oxidase inhibitor
0,610  0,061  Ulcer, aphthous
0,558  0,010  UGT2B4 substrate
0,571  0,024  Antipruritic, allergic Graf J., 2000

Exploited and Hidden Pharmacological Potential of Curcumin
PASS Prediction

O O
O O

O O



In silico mining several medicinal plants with desirable pleiotropic 
(anticonvulsant, antidepressant, and nootropic) effects

No Plant Structure Name PASS predictions 

1 Achyranthes aspera
3-Pyrrolidine-
carboxylic acid; N-
Me

0.547  0.098 Nootropic
0.593 0.024 Anticonvulsant
0.281 0.069  Antidepressant

2 Aerva lanata
6H-Indolo(3,2,1-
de)(1,5)naphthyrid
in-6-one, 10-
methoxy-

0.687 0.041  Nootropic
0.285 0.138 Anticonvulsant
0.205 0.111  Antidepressant

3 Berberis vulgaris Lambertine 0.386 0.231  Nootropic
0.326 0.109 Anticonvulsant
0.469 0.026  Antidepressant

4 Glycyrrhiza glabra Cyclotetradecane 0.544  0.100  Nootropic
0.406 0.067 Anticonvulsant
0.218 0.102  Antidepressant

. . . . . . . . . . . . . . .



Predicted biological activities for major phytocomponents 
of Passiflora Incarnata: Harmine

CH3

NH

O
CH3 N

0.674   0.045  Nootropic
0.698  0.004  5 Hydroxytryptamine 3A antagonist
0.557  0.081  Nerve growth factor agonist
0.469  0.031  Cyclic AMP phosphodiesterase inhibitor
0.499  0.091  Calcium channel (voltage-sensitive) activator
0.437  0.072  Cyclic AMP agonist
0.367  0.030  Calcium channel activator

0.116   0.336 Anticonvulsant
0.698  0.004  5 Hydroxytryptamine 3A antagonist
0.629  0.005  Cyclic AMP antagonist
0.438  0.038  Calmodulin antagonist
0.374  0.010  Benzodiazepine agonist partial

0.253   0.083  Antidepressant
0.745  0.023  5 Hydroxytryptamine release stimulant
0.698  0.004  5 Hydroxytryptamine 3A antagonist
0.557  0.081  Nerve growth factor agonist
0.414  0.046  5 Hydroxytryptamine 7 antagonist
0.351  0.039  Imidazoline receptor agonist



Predicted biological activities for major phytocomponents 
of Passiflora Incarnata: Harmaline

CH3

NH

O
CH3 N

0.704   0.036  Nootropic
0.478  0.052  5 Hydroxytryptamine 3A antagonist
0.443  0.039  Cyclic AMP phosphodiesterase inhibitor

0.269   0.150 Anticonvulsant
0.478  0.052  5 Hydroxytryptamine 3A antagonist
0.440  0.037  Calmodulin antagonist
0.424  0.126  Cyclic AMP antagonist
0.394  0.062  5 Hydroxytryptamine 7 antagonist

0.344   0.048  Antidepressant
0.745  0.023  5 Hydroxytryptamine release stimulant
0.478  0.052  5 Hydroxytryptamine 3A antagonist
0.388  0.005  MAO inhibitor
0.409  0.027  Imidazoline receptor agonist
0.394  0.062  5 Hydroxytryptamine 7 antagonist



Predicted biological activities for major phytocomponents 
of Passiflora Incarnata: Harmalol

NOH
NH CH3

0.672   0.046  Nootropic
0.662  0.005  5 Hydroxytryptamine 3A antagonist
0.568  0.044  Calcium channel (voltage-sensitive) activator
0.409  0.050  Cyclic AMP phosphodiesterase inhibitor
0.330  0.034  Adrenaline release stimulant

0.245   0.170 Anticonvulsant
0.662  0.005  5 Hydroxytryptamine 3 antagonist
0.409  0.050  Cyclic AMP phosphodiesterase inhibitor
0.431  0.116  Cyclic AMP antagonist
0.425  0.048  Calmodulin antagonist

0.209   0.108  Antidepressant
0.844  0.011  5 Hydroxytryptamine release stimulant
0.662  0.005  5 Hydroxytryptamine 3 antagonist
0.387  0.005  MAO inhibitor
0.400  0.056  5 Hydroxytryptamine 7 antagonist





Computer-aided discovery of biological activity spectra for 
anti-aging and anti-cancer olive oil oleoproteins

Corominas-Faja B. et al. Aging, 2014, 6: 731-741.



Predicted biological activity spectra for oleoprotein aglycone

Corominas-Faja B. et al. Aging, 2014, 6: 731-741.



Predicted biological activity spectra for decarboxymetyl 
oleoprotein aglycone

Corominas-Faja B. et al. Aging, 2014, 6: 731-741.



Corominas-Faja B. et al. Aging, 2014, 6: 731-741.

Contribution of particular atoms to anti-aging/anti-
cancer activities of OA and DOA



Brahmi Ghrita: Bacopa monnieri, Acorus calamus, 
Saussurea lappa and Evolvulus alsinoids



More information could be found in our joint publications



Way2Drug web platform
We have proposed the local
correspondence concept, which is
based on the fact that most
biological activities of organic
compounds are the result of
molecular recognition, which in turn
depends on the correspondence
between the particular atoms of the
ligand and the target.

Using this concept, we have
developed a consistent system of
atom-centered neighborhoods of
atoms descriptors including MNA,
QNA, and LMNA, and have
implemented them in several
SAR/QSAR/QSPR modeling app-
roaches.

www.way2drug.com



www.way2drug.com

Components of Way2Drug platform (I)

PASS Online
Predicts about 4000 biological activity types of organic 
compounds by their structural formulas, including 
pharmacological effects, mechanisms of action, toxicity 
and side effects, interaction with metabolic enzymes, 
effects on gene expression, etc.

GUSAR Online
GUSAR online presents: consensus prediction,
applicability domain assessment, internal and external
models validation and clearly interpretations of
obtaining results (acute rodents toxicity, antitargets,
etc.).

DIGEP-Pred
Gene expression profiles are used to solve various
problems in pharmaceutical research, such as the
repositioning of drugs, overcoming resistance,
estimating toxicity and drug-drug interactions.



www.way2drug.com

CLC-Pred
Web-service for in silico prediction of cytotoxicity to
the tumor and non-tumor cell-lines based on structural
formula of chemical compound.

Components of Way2Ddug platform (II)

META-Pred
Prediction of interaction with 18 cytochrome P450 and
UGT isoforms: CYP1A2, CYP2C9, CYP2C19, CYP2D6,
CYP3A4, UGT1A10, UGT1A1, UGT2B7, UGT1A7,
UGT2B15, UGT1A8, UGT1A4, UGT2B17, UGT2B10,
UGT1A3, UGT1A9, UGT1A6, UGT2B4.

SOMP
Prediction of sites of metabolism for drug-like
compounds for (five major human) cytochrome P450s:
CYP1A2, CYP2C9, CYP2C19, CYP2D6 and CYP3A4. Also
in the training set were included the sites of
glucoronidation, catalyzed by UGT.

.  .  .



12 949 users

91 country

Way2Drug services are available online 



Over 300 papers published citing our web-services 
(>50% with the experimental confirmation; the other 50% -

just with the prediction results without experiments)



№ Natural product Activity
Experimental
confirmation

1
Spirosolenol from roots of Solanum
anguivi

Antiinflammatory in vitro

2 Phytocomponents of Vitex negundo Antioxidant, antineoplastic in vitro

3
Phytocomponents of Ficus religiosa
L. (Moraceae)

Anticonvulsant GABA ,
Aminotransferase inhibitor

in vitro

4 Quercetin
Antiinflammatory, 
antibacterial

in vitro

5
Polyketides from marine-derived 
fungus Ascochyta salicorniae

Protein phosphatase 
inhibitor

in vitro

Somw publications with the experimental confirmation
of prediction results for natural products

There is dozen publications where the authors used our web-services for prediction
of the biological activity spectrum of natural products with the experimental 
confirmation of the prediction results.

Lagunin A.A. et al. Nat. Prod. Rep., 2014, 31: 1585-1611.



More info about the computational resources:



General computer-aided approach to estimating the hidden 
pharmacotherapeutic potential of medicinal plants



Comparison of predictions with known effects 
of Aloe vera phytocomponents

No. Known effects
Prediction by PASS and PharmExpert with the cutoff Pa>0.5

Effects MOA KEGG NCI pathways Reactome Any approach
1 Antibacterial + + + + + +
2 Antifungal + + + + + +
3 Anti-inflammatory + + + + + +
4 Antimutagenic + - - - - +
5 Antioxidant + + - - + +
6 Antiprotozoal (Leishmania) + - - - - +
7 Antiulcerative + + + - + +
8 Cardioprotectant + - + + + +
9 Cytostatic + - - - + +
10 Cytotoxic + - + + + +
11 Hepatoprotectant + + + + + +
12 Hypoglycemic - + + + + +
13 Hypolipemic - + + - + +
14 Immunostimulant - - + + + +

15
Neurodegenerative diseases 
treatment - - + + + +

16 Wound-healing agent - + + + + +
True Positives (TP) 11 9 12 10 14 16
True Negatives (TN) 67 63 54 67 49 28
False positives (FP) 39 43 52 39 57 78
False negatives (FN) 5 7 4 6 2 0
Sensitivity, TP/(TP+FN) 0.69 0.56 0.75 0.63 0.88 1.00
Specificity, TN/(TN+FP) 0.63 0.59 0.51 0.63 0.46 0.26
Precision, TP/(TP+FP) 0.22 0.17 0.19 0.20 0.20 0.17



Summary
 Natural products is a valuable source for creating novel 

medicines because they are particularly designed by 
“Mother Nature” for interaction with biological systems, 
and due to their great chemical and pharmacological 
diversity.

 The hidden pharmacological potential of medicinal 
plants, their phytoconstituents and other natural 
products may be discovered using computer-aided 
analysis by PASS and PharmaExpert.

 Way2Drug containing many computational predictive 
resources may become a platform for different 
collaborative projects in the field of drug discovery. 
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Thank you for your kind attention!

We are open for collaboration. 
Please, address your questions to:
vladimir.poroikov@ibmc.msk.ru

or 
vvp1951@yandex.ru

mailto:vladimir.poroikov@ibmc.msk.ru
mailto:vvp1951@yandex.ru
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