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Biological Activity: Finding Definition



Biological Activity: Some Definitions
bioactive 

Etymology: Gk, bios, life; L, activus, with energy
having an effect on or causing a reaction in living tissue. 

Mosby's Medical Dictionary, 8th edition. © 2009, Elsevier.

bioactive [bi″o-ak´tiv] 
having an effect on or eliciting a response from living tissue.

Miller-Keane Encyclopedia and Dictionary of Medicine, Nursing, and Allied 
Health, Seventh Edition. © 2003 by Saunders, an imprint of Elsevier, Inc. 
bioactive

having an effect on or eliciting a response from living tissue.
bioactive food components

constituents in foods or dietary supplements, other than those needed to 
meet basic nutritional needs, that are responsible for changes in health status.
Saunders Comprehensive Veterinary Dictionary, 3 ed. © 2007 Elsevier, Inc. 

In pharmacology, biological activity or pharmacological activity describes 
the beneficial or adverse effects of a drug on living matter. When a drug is a 
complex chemical mixture, this activity is exerted by the substance's active 
ingredient or pharmacophore but can be modified by the other constituents. 





Among the different properties of chemical 
compounds biological activity plays a particular 
role, because it can provide the reason for their 
medical applications. 

Biological Activity: Positive Aspects
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Among the different properties of chemical 
compounds biological activity plays a particular 
role, because it can provide the reason for their 
medical applications. 

Structure Biological Activity Drug Name
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Biological Activity: Positive Aspects



Among the different properties of chemical 
compounds biological activity plays a particular 
role, because it can provide the reason for their 
medical applications. 

Structure Biological Activity Drug Name

Biological Activity: Positive Aspects
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Among the different properties of chemical 
compounds biological activity plays a particular 
role, because it can provide the reason for their 
medical applications. 

Structure Biological Activity Drug Name

Biological Activity: Positive Aspects
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On the other hand, due to its biological activity, 
chemical compound may have some adverse and 
toxic actions prevented its use in medical practice.

Structure Biological Activity Drug/Chemical

Biological Activity: Negative Aspects
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On the other hand, due to its biological activity, 
chemical compound may have some adverse and 
toxic actions prevented its use in medical practice.

Structure Biological Activity Drug/Chemical

Biological Activity: Negative Aspects
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On the other hand, due to its biological activity, 
chemical compound may have some adverse and 
toxic actions prevented its use in medical practice.

Structure Biological Activity Drug/Chemical

Biological Activity: Negative Aspects

Anticholesterolemic,
Rhabdomyolysis
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On the other hand, due to its biological activity, 
chemical compound may have some adverse and 
toxic actions prevented its use in medical practice.

Structure Biological Activity Drug/Chemical

Biological Activity: Negative Aspects

Antiarthritic,
Antiinflammatory,
COX-2 inhibitor,
Heart attack

Vioxx
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Due to biological 

activity, chemical 

compound may be 

used as a medicine 

for treatment       

of certain disease. 

Due to biological 

activity, chemical 

compound may 

cause adverse    

or toxic effects    

in human.



Depending on the Dose and Route of Administration, 
the Substance May Be either Drug or Poison  

https://integrity.thomson-pharma.com/



Nobody has the comprehensive 

information about biological 

activity profile for any 

pharmaceutical. 



Acetaminophen (Paracetamol): Launched in 1900



Drug Interaction with a Human Organism

Antipyretic

Analgesic

NSAID
Hepatotoxic

Typically, any 
drug interacts 
with many 
targets, that 
might  be a 
cause for many 
pharmacological 
& toxic effects.

Antineoplastic

Antiosteoporotic

Cyclooxygenase 
Inhibitor

OHN
CH3

O

Acetaminophen

And more ???



Pharmacological Studies of Acetaminophen
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O

https://integrity.thomson-pharma.com/



How to estimate the biological activity 
of chemical compounds at the early 

stages of research?

1 target 2 targets 3 targets …

!

The cost of experimental testing of millions
chemical compounds versus thousands targets 
is rising multiplicatively.

Samples of chemical compounds may be not 
available at these stages.

Computer prediction is the “Method of the Choice”.
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Ligand-based approaches to prediction 
of biological activity

Prerequisites: 

Set of ligands with known biological activity 
(training set).

Methods:

(Quantitative) Structure-Activity Relationships 
(Q)SAR, Pharmacophore model.
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IC50 (µM):    0.1 12 87 0.03

. . .

. . .

Activity: Active           Inactive Inactive Active . . .



http://www.qsar.org/
A = A0 + k1*D1 + k2*D2 + k3*D3 + k4*D4 + k5*D5 + … (Free-Wilson)

log 1/C = a*p + b*p2 + c*s + d*Es + const (Hansch)

MLR, ANN, SVM, etc.



Similarity principle: “Me-too-compounds” design

Wermuth C. The Practice of Medicinal Chemistry, 3rd edition, 2008, p.126.



Similarity-based prediction of biological activity



Similarity search in ChemNavigator Library

Acetylsalicylate



Some results of similarity search for Acetylsalicylate

TC=99%

TC=87%

TC=86%

TC=86%

TC=84%

TC=84%



…”there is only a 30% chance that a compound 
that is > 0.85 (Tanimoto) similar to an active is 
itself active”.



“The concept of diversity only makes sense within a frame of 

reference. Within such a frame of reference - in the case of medicinal 

chemistry, the biological assay - a particular attribute carries far greater 

weight than any other. The difference may be light years on the relevant 

axis, but mere millimeters on all other axes. If this key axis (unit of 

measurement = light years) were missing from the frame of reference 

(equivalent to the comparative examination of the diversity of chemical 

structures irrespective of their effect in biological tests {= structural 

diversity}) and one were to zoom in sufficiently on the picture, then 

differences of mere millimeters may erroneously appear relevant”.

Roth H.-J. Cur. Opin. Chem. Biol., 2005, 9: 293–295.

Similarity & Dissimilarity terms have sense only 
in relation to the particular biological activity 



Structural similarity might be a reason 
for rejection of patent application



Target-based approaches to prediction 
of biological activity

Prerequisites: 
ü Data about 3D structure of target 

macromolecule (X-ray, NMR, Modeling).
ü Data about 3D structure of active site 

(binding site).

Methods:
ü Docking and estimation of binding 

energy (scoring function).
ü Active site mapping and de novo design.  



Molecular mechanics

Description of molecules by “force fields”

Ø Atom types 

Ø Bond types

Ø Relative positions of atoms

Ø General energy is the sum of components:
Etotal = Estretch + Ebend + Etorsion + Evdw + Eelectrostatic + ...



Visualization techniques



Target-Based Drug Design

Problems:

ü3D structure of the target is 
necessary.

ü3D structure in crystal vs. 3D 
structure in solution.

üApproximation of energy binding 
estimates.

üApproximation of 3D conformation of 
flexible ligands.
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Examples of drugs developed on the 
basis of target-based drug design

HIV-1 protease inhibitors
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Alzheimer disease 
treatment (AChE inhibitor) 
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PASS: Prediction of Activity Spectra for Substances



• All research Institutes and Universities were in 
the State ownership.

• The Registration cards on a new chemical 
compound synthesized or extracted from natural 
sources should be sent to the Registration 
System.

• All new chemical compound obtained a unique 
registration number.

• The most prospective compounds should be 
selected for biological testing.

• The samples on the selected compounds were 
tested in biological assays.



PASS History: Permanent Updating and Improvement

1972 Collection of the training set started (USSR National
System of New Chemical Compounds Registration). 

1976- Early versions of different computer programs 
1993 for biological activity spectra prediction 

(V.A. Avidon; V.E. Golender & A.B. Rosenblit)

1995  First publication about PASS software: 
9,314 compounds; 114 activities, AP~76%. 

1998 PASS C&T version 4.0: 
30,537 compounds; 541 activities, AP~82%.

2005 PASS Pro 2005:                   
~60,000 compounds; ~2500 activities, AP~89%.

2009 PASS Professional version 9.1:
~205,000 compounds; 3750 activities, AP ~95%. 

2011 PASS Pro 11.4:
250,407 compounds; 4444 activities, AP ~95%. 



Ø 250,407 drugs, drug-candidates and 
pharmacological substances comprise the 
training set.

Ø 4444 biological activities can be predicted 
(Active vs. Inactive)

Ø Multilevel Neighborhoods of Atoms (MNA) 
descriptors (Filimonov et al., 1999).

Ø Bayesian approach was selected by 
comparison of many different methods 
(Filimonov & Poroikov, 2008).

Ø Average accuracy of prediction in LOO CV 
for the whole training set is ~95%; 
robustness was shown using principal 
compounds from MDDR database (Poroikov 
et al., 2000).  

PASS 11.4 Characteristics
ü Training Set

ü Biological 
Activity

ü Chemical 
Structure

ü Mathematical 
Algorithm

ü Validation

Filimonov D.A. et al. J. Chem. Inform. Computer Sci., 1999, 39, 666.
Poroikov V.V. et al. J. Chem. Inform. Computer Sci., 2000, 40, 1349.
Filimonov D.A., Poroikov V.V. In: Chemoinformatics Approaches to Virtual Screening. 
RSC Publ., 2008, p.182-216. 



18977 compounds with 124 activities were selected from 
MDDR.

The set of compounds was 50 times divided at random into 
two equal subsets.

The first subset was used as the training set, the second 
one as the evaluation subset and vice versa (100 
experiments).

20, 40, 60, 80% of information (activity/structure data) 
were excluded from the training set.

Average accuracy of prediction (IAP) was calculated for 
each type of activity.

PASS Validation (Experiment Design)



PASS Validation (Results)
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What is the Biological Activity Spectrum?
Biological Activity Spectrum is the “intrinsic” property of the 
compound that reflects all biological activities, which can be 
found in the compound’s interaction with biological entity.
Poroikov V.V., Filimonov D.A., Boudunova A.P. (1993). Automatic Documentation and 
Mathematical Linguistics. Allerton Press, Inc., 27 (3), 40. 
Filimonov D.A., Poroikov V.V., et. al. (1995). Experimental and Clinical Pharmacology, 58, 56 
(Rus).
Filimonov D.A., Poroikov V.V. (1996). In: Bioactive Compound Design: Possibilities for 
Industrial Use, BIOS Scientific Publishers, Oxford (UK), 47-56.
Geronikaki A., Poroikov V., et al. (1999). Quant. Struct.-Activ. Relationships, 18, 16.
Poroikov V.V., Filimonov D.A., et al. (2000). J. Chem. Inform. Comput. Sci., 40, 1349.
Lagunin A., Stepanchikova A., Filimonov D., Poroikov V. (2000). Bioinformatics, 16, 747.
Poroikov V., Filimonov D. et al. (2001). SAR & QSAR in Environ. Res., 12, 327.
Anzali S., Barnickel G., Cezanne B., Krug M., Filimonov D., Poroikov V. (2001). J. Med. Chem., 
44, 2432. 
Poroikov V.V., Filimonov D.A. (2002). J. Comput. Aid. Molecul. Des., 16, 819.
Stepanchikova A.V., Lagunin A.A., Filimonov D.A., Poroikov V.V. (2003). Current Med. Chem., 
10, 225.
Poroikov V. and Filimonov D. In: Predictive Toxicology. Ed. by Christoph Helma. Taylor & 
Francis, 2005, p.459-478.
Poroikov V., Filimonov D., Lagunin A. et al. (2007). SAR & QSAR in Environmental Research., 
18, 101-110. 



This Definition Significantly Differs from Some Others: 

Lewi P.J. Spectral mapping, a technique for classifying biological
activity profiles of chemical compounds. Arzneimittelforschung.
1976;26 (7):1295-1300.
Battistini A. et al. Spectrum of biological activity of interferons.
Annali dell'Istituto Superiore di Sanità. 1990;26 (3-4):227-253.
Gringorten J.L. et al. Activity spectra of Bacillus thuringiensis delta-
endotoxins against eight insect cell lines. In Vitro Cell Dev Biol Anim.
1999;35 (5):299-303.
Fliri A.F. et al. Biological spectra analysis: Linking biological
activity profiles to molecular structure Proc Natl Acad Sci USA.
2005; 102 (2): 261–266.
Rana A. Benzothiazoles: A new profile of biological activities.
Indian J Pharm Sci 2007; 69:10-17.
Fedichev P., Vinnik A. Biological Spectra Analysis: Linking Biological
Activity Profiles to Molecular Toxicity. 2007; http://www.w-
pharm.com.



- Anti-infective actions (e.g., Antileishmanial);

- Pharmacotherapeutic actions (e.g., Anxiolytic);

- Actions blocking a certain process (e.g., Apoptosis antagonist); 

- Actions stimulated a certain process (e.g., Apoptosis agonist); 

- Actions blocking activity of certain endogenous substance (e.g., 
Acetylcholine antagonist); 

- Actions simulating activity of certain endogenous substance (e.g., 
Acetylcholine agonist); 

- Action blocking a release of a certain endogenous substance (e.g., 
cytochrome C release inhibitor);

- Action stimulating a release of a certain endogenous substance (e.g., 
acetylcholine release stimulant);

- Action blocking an uptake of a certain endogenous substance (e.g., 
adenosine uptake inhibitor);

- Actions inhibiting a certain enzyme (e.g., 12 Lipoxygenase inhibitor);

- Actions stimulating action of a certain enzyme (e.g., ATPase stimulant);

Information Included into PASS Activity Spectra (I)



- Actions blocking a certain receptor (e.g., 5 Hydroxytrypamine 1 agonist);

- Actions stimulating a certain receptor (e.g., 5 Hydroxytrypamine 1 
antagonist);

- Actions blocking a certain channel (e.g., Chloride channel antagonist);

- Actions stimulating a certain channel (e.g., Calcium channel agonist);

- Actions blocking a certain transporter (e.g., GABA transporter 1 inhibitor);

- Actions that is a substrate of a certain metabolic enzyme (e.g., CYP3A4 
substrate)

- Actions inhibiting a certain metabolic enzyme (e.g, CYP3A4 inhibitor)

- Actions inducing a certain metabolic enzyme (e.g., CYP3A4 inducer);

- Actions inhibiting a certain protein (e.g., Collagen inhibitor);

- Actions inhibiting an expression of a certain transcription factor (e.g., 
Transcription factor Rho inhibitor);

- Actions stimulating an expression of a certain transcription factor (e.g., 
TP53 expression enhancer);

- Actions that cause a certain adverse/toxic effect (e.g., Carcinogen).

Information Included into PASS Activity Spectra (II)



MNA/0:   C

MNA/1:   C(CN-H)

MNA/2:   C(C(CC-H)N(CC)-H(C))
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Filimonov D.A. et al. J. Chem. Inform. Computer Sci., 1999, 39, 666.



Prediction of Biological Activity Spectra
According to the Bayes' theorem, the probability P(A|S) that the 
compound S has activity (or inactivity) A, equals to:

P(A|S) = P(S|A)•P(A)/P(S)

If the descriptors of organic compound D1, ..., Dm are independent, then:

P(S|A) = P(D1, ..., Dm|A) = ПiP(Di|A)

P(A) and P(A|Di) are calculated as sums through all compounds of the 
training set:

å
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PASS Approach is Described in Detail:

Filimonov D.A., Poroikov V.V. (2008). Probabilistic Approach in
Virtual Screening. In: Chemoinformatics Approaches to Virtual
Screening. Alexander Varnek and Alexander Tropsha, Eds. RSC
Publishing.

Filimonov D.A., Poroikov V.V. (2006). Prediction of biological
activity spectra for organic compounds. Russian Chemical
Journal, 50 (2), 66-75.

Poroikov V., Filimonov D. (2005). PASS: Prediction of Biological 
Activity Spectra for Substances. In: Predictive Toxicology. Ed. 
by Christoph Helma. N.Y.: Taylor & Fransis, 459-478.

Stepanchikova A.V., Lagunin A.A., Filimonov D.A., Poroikov V.V.
(2003). Prediction of biological activity spectra for substances:
Evaluation on the diverse set of drugs-like structures. Current
Med. Chem., 10 (3), 225-233.

Sadym A., Lagunin A., Filimonov D., Poroikov V. (2003). Prediction
of biological activity spectra via Internet. SAR and QSAR in
Environmental Research, 14 (5-6), 339-347.

http://pharmaexpert.ru/passonline



The Results of Prediction Are Presented by:

The list of activities which are probable for a particular 

compound with the estimates of Pa (probability to be active) 

and Pi (probability to be inactive) for each activity.

Pa and Pi are calculated independently: Pa + Pi ¹ 1.

Pa (Pi) can be considered as the probability of the compound 

belonging to classes of active (inactive) compounds 

respectively, or as the probability of the first (second) kind of 

errors for the compound under prediction.



O

O

C l

C l Anxiolytic
Sedative

5HT1A Inhibitor
Carcinogen

Structure of new compound

Estimating the probability that it has a 
particular  biological activity   

Predicted biological 
activity spectrum

How PASS Predicts Biological Activity Spectrum?

Pa Pi Action:
0.853 0.020 Anxiolytic
0.694 0.035 Sedative



Initial Estimation Functions of Pa and Pi 
for Antihistaminic Activity
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• 4-Biphenylamine

• Antiinfective
• (Pa = 0.559)
• Carcinogenic 
• (Pa = 0.605)

• Derivative 

• Antiinfective
• (Pa = 0.550)
• No carcinogenic 

effect is 
predicted

O

OH

NH2

Example: Choosing the Antiinfective 
Compounds Without Carcinogenicity



Prediction for RFI-641 (Wyeth)
>  <PASS.ACTIVITY.SPECTRUM>
0.929  0.008  Carcinogen, female rats, ezy
0.762  0.010  Carcinogen, female rats, smi
0.706  0.006  Carcinogen, female rats, lgi
0.743  0.056  Hematotoxic
0.707  0.020  Toxic
0.682  0.014  Teratogen
0.674  0.013  Anaphylatoxin receptor antagonist
0.675  0.028  Carcinogen, female mice, hmo
0.655  0.015  Embryotoxic
0.634  0.015  Angiogenesis inhibitor
0.629  0.025  Transactivat. transcript. prot. inhib.
0.615  0.045  Carcinogen, male rats, ezy
0.600  0.038  Carcinogen, male rats, kid
0.549  0.021  Carcinogen, female rats, liv
0.545  0.021  Carcinogen, male rats, liv
0.550  0.040  Carcinogen, female mice, sto
0.529  0.026  Antiprotozoal (Toxoplasma)
0.536  0.037  TNF alpha antagonist
0.508  0.020  Carcinogenic
0.517  0.030  Carcinogen, male rats
0.502  0.030  Carcinogen, female rats
0.501  0.042  Platelet aggregation stimulant

. . .
0.304  0.107  Antiviral
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A. Nikitenko et al., ASDD-2005.



Bisphenol А: Cause of Diabetes 
and Cadiovascular Disorders? 



PASS prediction for Bisphenol А

O

O

0.757  0.004  Toxic, respiratory center
0.740  0.021  Hypercholesterolemic
0.744  0.050  Hematotoxic
0.704  0.026  Hyperglycemic
0.644  0.014  Carcinogenic, group 1
0.630  0.010  Carcinogenic, group 3
0.693  0.076  Neurotoxic
0.625  0.023  DNA damaging
0.611  0.009  Eye irritation, high
0.584  0.016  Spasmogenic
0.583  0.023  Emetic
0.608  0.048  Cardiotoxic
0.569  0.034  Thrombocytopoiesis inhibitor
0.547  0.014  Eye irritation, weak
0.519  0.012  Skin irritation, weak
0.574  0.092  Convulsant
0.559  0.082  Hepatotoxic
0.555  0.109  Arrhythmogenic
0.506  0.070  Nephrotoxic
0.513  0.100  Torsades de pointes



Cotinine: New Agent for Alzheimer Disease Treatment?



If Cotinine’s Cognition Enhancing Effect Could Be Predicted by PASS?

N

N

O

17 of 501 Possible Pharmacological Effects at Pa > 0.500

0.892  0.005  Nootropic
0.887  0.003  Sialagogue
0.889  0.005  Antineurotic
0.830  0.004  Psychostimulant
0.672  0.005  Respiratory analeptic
0.672  0.009  Antihypoxic
0.668  0.047  Kidney function stimulant
0.603  0.008  Analeptic
0.591  0.003  Antismoking
0.592  0.019  Vasodilator, cerebral
0.609  0.041  Digestive functional disorders treatment
0.554  0.016  Cognition disorders treatment
0.635  0.136  Immunomodulator (HIV)
0.553  0.067  Autism spectrum disorders treatment
0.516  0.069  Vasoprotector
0.544  0.113  Antineoplastic (non-small cell lung cancer)
0.510  0.174  Antiinflammatory, pancreatic



Significant Increase of the Fraction 
of “Actives” by Computer Prediction  
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Cognition Enhacing Activity
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Geronikaki A. et al., Bioorg.Med.Chem., 2004, 12, 6559-6568.

Anxiolytic Activity
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Finding New Activities for Old Drugs

Example: Top 200 Pharmaceuticals
(132 different drug-like substances):

Acetaminophen/Codeine
Albuterol; Albuterol Aerosol

Alendronate; Fosamax
Allopurinol
Alprazolam
Amitriptyline
. . .
Verapamil
Warfarin; Coumadin
Zafirlukast; Accolate
Zolpidem; Ambien

Poroikov V., Akimov D., Shabelnikova E.,  Filimonov D. 
SAR & QSAR Environ. Res., 2001, 12 (4), 327-344.

93% of known 
pharmacological 
actions and 83% of 
known side effects 
& toxicity were 
predicted by PASS.
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N
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New Activities Were Predicted in Many 
Cases, e.g. for Carisoprodol

Known Activity:
Skeletal muscle 

relaxant

Predicted Activities:
Angiogenesis 
inhibitor 

(Pa=0.569)
Multiple sclerosis 

treatment 
(Pa=0.549)



Results of prediction for Lisinopril



Prediction of biological activity for some 
antihypertensive drugs

Name Nootropic 
effect, %

А1, % А2, % А3, % А4, % А5, % А6, %

Captopril 44,6 - - - - 81,7 -

Enalapril 65,5 37,8 50,9 - - 50,6

Lisinopril 61,8 33,6 - - 44,2 56,0 -

Prindopril 60,9 33,4 - 37,2 35,3 39,5

Quinapril 65,1 38,3 - 37,0 - 42,9

Ramipril 63,3 38,6 36,9 40,9 - 37,3

Monopril 30,9 - - - 70,7 63,2 31,3

Pirazetam 81,7 43,3 42,5 - 38,6 34,2 -

Amlodipin - - - - - - -

Hydrochlorothiazide - - - - - - 63,2

Ра values exceeding 30% are presented for several biological activities: А1 - Acetylcholine M2 
receptor agonist; А2 - Acetylcholine release stimulant; А3 - 5 Hydroxytryptamine release 
stimulant; А4 - GABA receptor antagonist; А5 - X-Pro dipeptidase inhibitor; А6 - Glutamate 
receptor agonist.



Patrolling behavior of mice in the cross-maize, 
as an express estimate for sedative, psychostimulative,   

tranquilizer, and nootropic  actions)

Salimov R. et al., Pharmacol. Biochem. Behav., 1995, 52: 637–640.



Influence of Perindopril on patrolling behavior of mice in a cross-maize 

Control 1 mg/kg 4 mg/kg 8  mg/kg

N M SEM N M SEM N M SEM N M SEM

F_PtrN 14 5,2 0,2 14 5,6 0,5 14 5,1 0,4 13 5,2 0,5

S_PtrN 10 5,8 0,5 11 4,5* 0,2 14 5,2 0,3 12 5,8 0,4

PatrlN 14 1,9 0,2 14 2,1 0,2 14 2,1 0,1 14 1,9 0,2

F_ChTm 14 23,7 8,7 14 11,9 2,0 14 9,9 2,1 14 10,7 3,0

F_GlTm 14 24,6 2,1 14 22,4 2,9 14 33,2 5,9 14 21,3 3,2

T_ChTm 14 76,0 14,9 14 47,6* 3,1 14 54,2* 5,3 14 42,4* 2,5

T_GlTm 14 160,1 8,6 14 152,4 8,3 14 167,6 16,1 14 158,8 16,8

R_TrnN 14 5,9 0,7 14 3,3* 0,8 14 4,1 0,7 14 3,9 0,7

L_TrnN 14 2,7 0,5 14 4,4* 0,9 14 2,9 0,6 14 3,3 0,3

rl_Ind 14 0,7 0,1 14 0,5 0,1 14 0,6 0,1 14 0,5 0,1

S_VisN 14 4,8 0,8 14 4,5 1,0 14 4,7 0,6 14 5,4 0,8

* - statistical significance in comparison with control (p<0,05)



Influence of Pirazetam on patrolling behavior of mice in a cross-maize 

* - statistical significance in comparison with control (p<0,05)

Control 100 mg/kg 300 mg/kg

N M SEM N M SEM N M SEM

F_PtrN 15 5,9 0,4 15 5,5 0,5 15 4,5* 0,2

S_PtrN 13 4,8 0,4 13 5,1 0,3 14 5,4 0,4

PatrlN 15 1,9 0,1 15 1,9 0,1 15 2,1 0,1

F_ChTm 15 17,7 3,0 15 20,8 7,8 15 11,6 2,7

F_GlTm 15 19,9 1,9 15 26,4 2,9 15 25,0 2,9

T_ChTm 15 45,2 2,7 15 48,0 2,9 15 46,1 3,6

T_GlTm 15 148,4 9,4 15 164,2 10,4 15 135,1 6,1

R_TrnN 15 5,2 0,5 15 4,5 0,5 15 3,4* 0,5

L_TrnN 15 2,9 0,4 15 3,1 0,4 15 4,5* 0,5

F_PasN 15 3,7 0,4 15 4,3 0,4 15 4,1 0,2

rl_Ind 15 0,6 0,0 15 0,6 0,1 15 0,4* 0,1

S_VisN 15 6,9 0,8 15 5,4 0,6 15 4,3* 0,8



Pharmaceutical Chemistry Journal, 2011.



PASS Predictions are available via Internet 
(http://pharmaexpert.ru/passonline)
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Statistics of 01.01.2011: >7,500 users, >200,000 predictions



Online Biological Activity Prediction with PASS

http://pharmaexpert.ru/passonline



Input of the Structural Formula (Clopidogrel)



Results of Prediction for Clopidogrel
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Over Forty Publications with Independent 
Confirmation of PASS Online Predictions

Reviewed: Geronikaki A. et al. SAR & QSAR Environ. Res., 2008, 19, 27.



Outline
• Chemical compounds & biological  activity
• Computational approaches to prediction of 

biological activity. 
• PASS: Prediction of Activity Spectra for 

Substances
• PharmaExpert: Tool for analysis of PASS 

predictions 
• GUSAR: General Unrestrained Structure-

Activity Relationships
• Summary   



PharmaExpert: Search for Compounds 
with the Required Activity Profile



PharmaExpert: Selection of Multi-Targeted 
Anticancer Agents in ChemBridge DVS Database



PharmaExpert: Statistics of Activities 
in Particular Chemical Library



PharmaExpert: Drug-Drug Interaction Analysis



PharmaExpert: Generation of the Report





Dictionary of Natural Products (DNP) Database

DNP contains the 
information about 
200 000 compounds with 
different kinds of 
biological activity found in 
plants, animals,  
microorganisms, etc.



Fluoxetine; 
8.9%

Mirtazepine; 
7.8%

Moclobemide; 
4.2%

Dothiepin;
2.6%

St John's 
Wort ; 1.3%

Dothiepin; 17

Fluoxetine; 16

Mirtazepine; 
15

Moclobemide; 
14

St John's 
Wort ; 10

St. John’s Wort

Adverse Effects (number)

Adverse Effects (frequency)



Number of predicted biological 
activities at different thresholds



Toxic and Side 
Effects; 34

Metabolism; 85
Transporters; 2

Mechanisms; 590

Gene expression; 4

Effects; 105

Predicted biological activity spectra for 
93 components of St. John’s Wort (Pa > 0.7)



Known biological activities predicted by PASS
Activity IDs
Analgesic* 58, 61
Antibacterial 23, 80, 24, 48, 30
Antidepressant 7, 19, 1, 5, 3, 6, 13, 4
Antiinflammatory 55, 20, 21, 52, 54, 30, 32, 24, 22, 53, 49, 79, 80, 43, 27, 88, 76, 23, 

35, 81, 50, 48, 68, 51, 78, 39, 91, 69, 77, 63, 31, 86, 28, 56, 38, 14, 
92, 60, 93, 65, 42, 57, 82, 29

Antineoplastic 66, 43, 71, 61, 38, 72, 35, 24, 23, 33, 25, 80, 48, 16, 8, 42
Antioxidant 30, 20, 21, 32, 80, 22, 53, 52, 49, 79, 48, 27, 76, 78, 5, 91, 7, 81, 50, 

29, 6, 51, 31, 92, 24, 82, 23, 54, 1, 83, 4, 55, 33, 93, 77, 87, 28, 56, 
86, 14, 19, 41, 13, 85, 57, 2, 15, 36, 58, 84, 12

Antiseptic 25, 89, 84, 67, 86, 37, 74, 47
Antiulcerative 54, 85, 1, 41, 7, 5, 6, 36, 27, 55, 68, 35, 15, 86, 77, 89
Antiviral* 78, 87
Choleretic 50, 81, 51, 77, 86, 76, 27, 68, 88, 92, 2, 18, 93, 84, 56, 31
Photosensitizer 18
Spasmolytic 89, 85, 91, 29, 28, 58, 44

*Predicted at Pa>0.4



Known adverse effects predicted by PASS
Adverse Effect ID

Dizziness 89, 37, 47, 74, 39, 75, 59, 84, 11, 70, 34, 30, 92

Dry mouth 89, 86, 75, 59, 47, 37, 74, 77

Headache 89, 52, 47, 74, 37, 30, 59, 75, 85, 84, 21, 79, 86, 34, 70, 11, 53, 49, 22, 91, 77, 32, 
39, 65, 44, 62, 78, 48, 20, 56, 40, 38

Insomnia 52, 30, 14, 32, 79, 49, 22, 53, 31, 82, 59, 75, 92, 56, 11, 70, 34, 74, 37, 47, 93, 86, 
89, 69, 77, 57, 84, 91, 48, 76, 83, 65, 78, 21, 62, 87, 28, 20, 38, 2, 80, 45, 16

Photophobia 18

Restlessness 59, 75, 86, 84, 47, 74, 37, 89, 77, 45, 34, 11, 70, 60, 56, 50, 81, 14, 73, 65, 44, 51, 
67, 57, 64, 46, 82, 93, 92

Skin reactions 41, 36, 85, 67, 74, 47, 37, 34, 11, 70, 62

Tiredness 91, 78, 65, 39, 63, 75, 59, 44, 84, 40, 56, 77, 28, 72, 86, 38

Tremor 30, 32, 89, 22, 53, 49, 79, 52, 37, 47, 74, 48, 80, 76, 20, 75, 59, 14, 21, 92, 11, 34, 
70, 31, 82, 93, 84, 57, 91, 58, 23, 83, 87, 78, 56, 28, 24, 86, 25, 62, 26, 77, 33, 
17, 16, 67, 73, 27, 18

Vertigo 37, 47, 74, 75, 59, 85, 65, 11, 70, 34, 62, 61, 44, 68, 38, 69, 42, 41, 84, 63, 60, 86, 
26, 35, 89, 45, 25, 77, 67, 39, 64, 73, 66, 91, 52, 46, 48, 40, 72, 8, 24, 71, 51, 
23, 78, 56, 57, 76, 36, 80, 16, 18, 82, 90, 32, 81, 50, 21, 49, 22, 17, 53, 58, 93, 
92, 43, 79, 31, 87, 2, 12, 28, 20



Additive/sinergistic effects predicted by PASS 
(for components of St. John’s Wort extracted in two countries)

No Serbia Lithuania
1 Allergic conjunctivitis treatment Allergic conjunctivitis treatment

2 Alopecia treatment Alopecia treatment

3 Ankylosing spondylitis treatment Ankylosing spondylitis treatment

4 Antidote, cyanide -

5 Antidyskinetic Antidyskinetic

6 - Antiepileptic

7 Antihypoxic -

8 Antiinflammatory Antiinflammatory

9 Antimetastatic Antimetastatic

10 Antimutagenic -

11 Antineoplastic Antineoplastic

12 - Antineoplastic (gastric cancer)

13 - Antiulcerative

14 …. ……………
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GUSAR: General Unrestricted Structure-
Activity Relationships

Filimonov D.A., et al. (2009). SAR and QSAR Environ. Res., 20 (7-8), 679-709.



QNA: Quantitative Neighborhoods of Atoms descriptors

Pi = Bi∑k(Exp(-½C))ikBk

Qi = Bi∑k(Exp(-½C))ikBkAk

A = ½(IP + EA),
B = (IP – EA)-½,

IP is the first ionization potential,
EA is the electron affinity.

Feynman R. Ph. Phys. Rev., 1939, 56, 340-343.
Robert G. Parr et al. J. Chem. Phys., 1978, 68(8), 3801-3807.

Gasteiger J, Marsili M. Tetrahedron, 1980, 36, 3219-3228.
Rappe A K and W A Goddard III. J. Ph. Ch., 1991, 95, 3358-3363.

D. Filimonov et al. in Proceedings of the QSAR 2004, Ankara, 2005, pp. 98-99.
D. Filimonov et al. Abstr. 3rd Internat. Symp. CMTPI 2005, Shanghai, 2005.
A. Lagunin et al. SAR and QSAR in Environmental Research 18 (2007), pp. 285-298.



QNA: Quantitative Neighborhoods of Atoms descriptors

C
1 O

2

O
3

H4

H 5

 

 0 1 1 1 0 
 1 0 0 0 1 
C = 1 0 0 0 0 
 1 0 0 0 0 
 0 1 0 0 0  

 1.40 -0.59 -0.57 -0.57 0.14 
 -0.59 1.27 0.14 0.14 -0.54 

( )C2
1Exp -  = -0.57 0.14 1.13 0.13 -0.02 

 -0.57 0.14 0.13 1.13 -0.02 
 0.14 -0.54 -0.02 -0.02 1.13  

   
a) b) c) 

 
 EA IP A B P Q 

C 1.263 11.26 6.262 0.316 -0.00218 -0.1820 
O 1.461 13.62 7.541 0.287 0.02944 0.3019 
O 1.461 13.62 7.541 0.287 0.06199 0.5297 
H 0.754 13.60 7.177 0.279 0.05812 0.4706 
H 0.754 13.60 7.177 0.279 0.05304 0.3533 

 
d) 

(a) structural formula; 
(b) connectivity matrix; 
(c) exponent of the connectivity matrix; 
(d) electron affinities (EA), ionization potentials (IP), parameters A and B, P

and Q values for each of the atoms of formic acid molecule.



Self-Consistent Regression (SCR)

Self-consistent regression provides the means to 

develop a reliable QSAR/QSPR model using the 

training set with a large number of descriptors. 

SCR is based on the least-squares regularized 

method adopted for solving ill-imposed problems. 

During the SCR procedure the variables, which are 

worse for the description of independent variable, 

are removed from the model. 

Filimonov D. et al. Pharm. Chem.  J., 2004, 1: 21-24.



Evaluation datasets for GUSAR
CDK2 (cyclin-dependent kinases 2) inhibitors 29, test     7
Dihydrofolate reductase (DHFR) inhibitors 237, test 124
Angiotensin-converting enzyme (ACE) inhibitors 76, test   38
Alpha-2 adrenoreceptor ligands 30
Estrogenic receptor-β ligands 21
Acute toxicity to Vibrio fischeri 56
Acute toxicity to Chlorella vulgaris 65
Acute toxicity to Tetrahymena pyriformis 200, test  50
CYP2A5 inhibitors 23, test    5 
CYP2A6 inhibitors 23, test    5 

were studied earlier using:
2D Cerius2/PLS, 3D Cerius2/PLS, ANN/2D, CoMFA, CoMSIAbasic, 
CoMSIAextra, EVA, GA/2D, GFA/ETA, GRID/GOLPE, HQSAR, MLR, 
PLS, SWR1/2D, SWR2/3D
N. Dessalew, P. Bharatam, European Journal of Medicinal Chemistry 42 (2007), pp. 1014-1027.
J. Jeffrey, A. Lee, F. Donald, J. Med. Chem. 47 (2004), pp. 5541-5554.
M. Lopez-Rodriguez et al., J. Med. Chem. 40 (1997), pp. 1648-1656.
S. Mukherjee et al., Bioorg. Med. Chem. Lett. 15 (2005), pp. 957–961.
K. Roy, G. Ghosh, QSAR Comb. Sci. 23 (2004), pp. 526-535.
T. Netzeva et al., J. Chem. Inf. Comput. Sci. 44 (2004), pp. 258-265.
M. Cronin et al., Chemosphere 49 (2002), pp. 1201-1221.
A. Poso, J. Gynther, R. Juvonen, J. Comput.-Aided Mol. Design 15 (2001), pp. 195–202.



Alpha-2 Adrenoreceptors Ligands



DHFR Inhibitors



Vibrio Fischery  Acute Toxicity



Tetrahymena Pyriformis Acute Toxicity



CYP2A6 Inhibitors



Comparison of prediction accuracy with some other methods

-0.10 -0.05 0.00 0.05 0.10 0.15 0.20

2D Cerius2

3D Cerius2
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delta R2 test

delta Q2
delta R2

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





Just accepted for publication (July 5th, 2011): 



QSAR Modelling of antifungal activities



Comparison of computational predictions with the experiment



http://pharmaexpert.ru/gusar

GUSAR-Based Web-Service
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ü Computer-aided approaches is useful for finding of 
hits and their optimization to lead compounds. 

ü PASS predictions allow to identify the most 
relevant biological screens for testing of particular 
chemical compounds. 

ü PharmaExpert provides the means for selection of 
chemical compounds with desirable biological 
activity spectra (incl. multitargeted actions).

ü GUSAR can be used as an universal tool for solving 
various QSAR/QSPR problems.

ü Predictive web-services are freely available from 
http://pharmaexpert.ru

Summary


