HHHHH

Computer-Aided Prediction
of Biological Activity for Finding
Safety and Potent Medicines

Viadimir Poroikov, Prof. Dr.

Department for Bioinformatics,

Institute of Biomedical Chemistry of Rus. Acad. Med. Sci.,
Pogodinskaya Street, 10, Moscow, 119121, Russia
E-mail: vladimir.poroikov@ibmc.msk.ru
http://www.ibmc.msk.ru



Outline

 Chemical compounds & biological activity

 Computational approaches to prediction of
biological activity.

o PASS: Prediction of Activity Spectra for
Substances

e PharmakExpert: Tool for analysis of PASS
predictions

e GUSAR: General Unrestrained Structure-
Activity Relationships

e Summary
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Biological Activity: Finding Definition
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» Scholarly articles for biological activity definition
‘% .. extrema as descriptors of biological activity: definition ... - Cheeseright - Cited by 49
.. and biological activity of basement membrane proteins - TIMPL - Cited by 640
.. helper T cell clone. |. Definition according to profiles of ... - Mosmann - Cited by 4391

bi-o-log-i-cal ac-tiv-i-ty

Pharmacological or biological activity is an expression describing the beneficial or adverse
effects of a drug on living matter. ... More »

en wikipedia org/wiki/Biological_activity Source

Wikipedia

Biological activity definition by Babylon's free dictiona

rmacological or biological a IS an expression descnbing the beneficial or adverse
effects of a drug on Ilwng mafter. When the drug is a complex ...
dictionary babylon. com/biological%20activity/ - Cached - Similar

Biological activity - definition of Biological activity in the ..

or relating to a substance that has an effect on iving tissue. bioactive. Etyrnulbgy Gk, bios, life;
L, activus, with energy ...
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by CM Jackson - 2007 - Related articles
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definition for biological activity is the ...
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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"o0-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.
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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

Cardiotonic Enoximone
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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
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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

)k/©fL Antidiabetic, Insulin Repaglinide

Secretagogues



Biological Activity: Negative Aspects

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

Q. H
yN o - -
HO/\SiTN\/C Sorivudine
HO OH Br

Neurotoxicity



Biological Activity: Negative Aspects

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
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HO Hepatotoxicity



Biological Activity: Negative Aspects

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

Baycol
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Biological Activity: Negative Aspects

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
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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 P0|son
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Nobody has the comprehensive

Information about biological

activity profile for any

pharmaceutical.




Acetaminophen (Paracetamol): Launched in 1900
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Drug Interaction with a Human Organism

Acetaminophen
Typlcally, any chJZ) Antipyretic }
] NOOH .
drug interacts Analgesic }
with many |2

targets, that

_ { Hepatotoxic
might be a

NSAID }

cause for many

pharmacological

Cyclooxygenase
Inhibitor

& toxic effects.

And more ??? Antiosteoporotic }




Pharmacological Studies of Acetaminophen

N Pain, abdominal (24.1%)

15.4%

M. (15.4%)

Cyclooxygenase-2 (COX-2) (9.3%)
. Cycloosygenase-1 (COM-1) (6.79%)
. Inflamrnation (6.09%) 9. 3%
. Owidative stress  (2.0%)

. Cyclooxygenase-3 (COX-3] ([1.3%)
.M-lllr'la (1.3%) 6.7
Hepstoblastorna (1,3%)

Cthers (32.2%)
6%

Major Therapeutic Groups
Query definition not availabla for this oparation.
. ANALGESIC AND ANESTHETIC DRUGS 44.8%
(44.8%)
ENDOCRINE DRUGS (10.3%)

ANTIINFECTIVE THERAPY [6.89%)
.HELIROLOGICDRLIGS (6.8%)
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B oncoutic oruss (6.8%)
B ceseiratory DRUGS (2.4%)10-3
B ooy croprarmacoLoaIc DRUGS (3.

TREATMENT OF POISOMING, DRUG ABL:
and DEPENDEMCY (3.4%)

Others [B.8%) 6.8%

36
32
28
24
20

24.1%

O
e
N OH

IIII------_.._._....
B ODDODO0ODO0OD0DD0DO0Db00O0O0OD0OAR0OcELE
& 9 8§ 3§ 9 3 £E E ¢ § B 3 OE 3 3 E
= x % 2 2 % £ ¥ 3 3 # % 0B OBR OB 2
gggzgsiggsuxuas;
v o= 3 2 o 2 8 3 3 o Kk 5 8 m %
b & E g5 & 5 Y ¥ 8§ 8 8 o o = 3
£ e 5 £ i EUHHEE'EE
5 % s &£ 3oz EoE g ¢
?; i‘ E ;ﬁéﬂ-ﬂ-ﬁu
g 2 g 3 i 48 8 2 5 ¢
i 3 5§ & -
o O 4] 3 oo &
o <
]
T i
& g

6.8%

6.8%

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




How to estimate the biological activity
of chemical compounds at the early
stages of research?

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

1 target 2 targets 3 targets

. s e - - * |

_f’ f‘ ,fj ."‘ _-" .l'.
$ S S S 8 S

e —— el e

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

-

Computer prediction is the “Method of the Choice”.
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o PASS: Prediction of Activity Spectra for
Substances
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predictions

e GUSAR: General Unrestrained Structure-
Activity Relationships

e Summary



Ligand-based approaches to prediction
of biological activity

Prerequisites:

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

1ICcy (LM): 0.1 12 0.03
Activity:  Active Inactive Inactive Active
Methods:

(Quantitative) Structure-Activity Relationships
(Q)SAR, Pharmacophore model.



Acfl'w’fy

http://www.qgsar.org/
A=A, +Kk*D; + k,*D, + k3*D; + k,*D, + ks*D; + ... (Free-Wilson)
log 1/C = a*n + b*n? + c*c + d*E, + const (Hansch)

MLR, ANN, SVM, etc.



Similarity principle: “Me-too-compounds” design

a . 77 Mo
HG\/E_N ) — . U Hﬂch‘“ N=N
N Nk HOCTN fN\ N NH

E

Losartan Eprosartan Valsartan
DuPont (1986/1994) SmithKline Beecham (1989/1997) Novartis (1990/1096)

Qe -, G S
S~

DD_,( N/\\DN=NDN
0
0

Ny NH N\NH Y@i}\/\ OH

Candesartan Irbesartan Telmisartan
Takeda (1990/1999) Sanofi (1990/1997) Boehringer Ingelheim (1991/1999)

FIGURE 6.1 Angiotensin AT1 receptor antagonists derived from losartan. Despite their structural similarity of the structures, it can be assumed that the
corresponding discoveries were made independently. The first year under parentheses is the basic palent year, the second one is the year of the first launch.

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



Similarity-based prediction of biological activity

Tanimoto Coefficient of similarity for Molecules A and B:

C
a+b—c

Sab =

Where:

a = bits set to 1 in A,

b = bits setto 1 in B,

¢ = number of 1 bits common to both

Range is 0 to 1.

Value of 1 does not mean the molecules are identical.



Similarity search in ChemNavigator Library

Simple Sketcher (JME) Query Entry

Please select database collections to search.

A

Search Type
Find compounds:

IE - 80 ) % similar to this

one

‘—1 Containing this as a
substructure

Search Options
Include Sample Duplicates

¥ Allow substitution at all H
atoms

[V] Fill valences with H atoms

No more than 20 hits

Acetylsalicylate

New List name:

MyHits

Search




Some results of similarity search for Acetylsalicylate

Shipping Window: 30 Days

TC=99%

e

[1#1: CNC-315394159 |T0 oo o 180927302 Fl #4: CNC-310472239 |rochureiDr 6913430
Collection: Archived Compounds Collection: virtual Custorn Chemigtry
Matched by: Similarity: 99% 2, Matched by: Similarity: 86%
DH-E ,rfo Major MW: 183.18 Major MW: 270.28
eLoagP: 1.28 clogP: 3.72
Min Purity: 50 Min Purity: a2

Shipping Window: &0 Days

TC=86%

Structure ID: 79937939

Collectian: Archived Compounds
Matched by: Similarity: 87%
Major MW 194.19

cLogP; 1.86

Min Purity: 90

Shipping Window: 30 Days

TC=87%

|| #5: CNC-308281405

éﬁ%}&

Structure ID: 36090778

Collection: E::I;chﬂ::::et Select Screening
Matched by: Similarity: B4%

Major MW 242.27

clogP: 4.12

Min Purity: 22

Shipping Window: 14 Days

TC=84%

[ #3: CNC-310472181

(

Structure ID: 69154554

Collection: Virtual Custam Chemistry
Matched by: Similarity: 86%

Major MW 300.31

clogP: 4.15

Min Purity: 92

Shipping Window: &0 Days

TC=86%

[ #6: cNC-310472240

=3

”@&

Structure ID: 69154583

Collection: Virtual Custam Chemistry
Matched by: Similanty: B4%

Major MW : 270.28

cLogPi 3.72

Min Purity: 92

Shipping Window: &0 Days

TC=84%
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J. Med. Chemn. 2002, 45, 4350—4358

Do Structurally Similar Mo

Yvonne C. Martin,* ' James L. Kofron,

Global Pharmaceutical Research and Devel

Received April 12, 2002

To design diverse combinatori
collection, computational cher
already chosen for the combing
this report shows that for I
screening assays, there is only
to an active is itself active. Al
screening and docking to threg
compounds occurs not only b
similarity calculations but al
the target macromolecule in
probabilistic nature of library
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Figure 4. For five selected assays, a comparison of the
fraction of similars to a potent active that are themselves
active as a function of the similarity threshold used for the
searching.

...”there iIs only a 30% chance that a compound
that is = 0.85 (Tanimoto) similar to an active is

itself active”.




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

“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.



Structural similarity might be a reason
for rejection of patent application

* * United States Patent and Trademark Office

Home Site Index Search FAD Glossary Guides Contacts eBusiness aBiz alerts News Help

Patents > Soarch Collections > MPEP > 2144.09 Close Structural Similarity Between Chemical Compounds {Homologs, Analogues, Isomers) [R-6] - 2100 Patentability

Go to MPEP - Table of Contents

browse before

2144.09 Close Structural Similarity Between Chemical Compounds (Homologs, Analogues, Isomers) [R-6] - 2100
Patentability

2144.09 Close Structural Similarity Between Chemical Compounds (Homologs, Analogues, Isomers) [R-6]
>

I. < REJECTION BASED ON CLOSE STRUCTURAL SIMILARITY |S FOUNDED ON THE EXPECTATION THAT COMPOUNDS SIMILAR IN STRUCTURE WILL HAVE SIMILAR PROPERTIES

A prirma facie case of obviousness may ba made whan chemical compounds have very close structural similarities and similar utilities. "An obviousness rejection based on similarity in
chemical structure and function entails the motivation of one skilled in the art to make a claimed compound, in the expectation that compounds similar in structure will have similar
properties.” In re Payne, 606 F.2d 303, 313, 203 USPQ 245, 254 (CCPA 1979), See In re Papesch, 315 F 2d 381, 137 USPQ 43 (CCPA 1863 (discussed in more detail below) and
In re Dillon, 919 F.2d 688, 16 USPQ2d 1897 (Fed. Cir. 1991) (discussed below and in MPEP § 2144) for an extensive review of the case law pertaining to ocbviousness based on
close structural similarity of chemical compounds. See also MPEP § 2144.08, paragraph [1.A.4.(c).

=

. < HOMOLOGY AND ISOMERISM ARE FACTS WHICH MUST BE CONSIDERED WITH ALL OTHER RELEVANT FACTS IN DETERMINING OBVIOUSMNESS

Compounds which are position isomers (compounds having the same radicals in physically different positions on the same nucleus) of hamaologs (compounds differing regulary by the
successive addition of the same chamical group, e.g., by -CHz- groups) are generally of sufficiently close structural similarity that there is a presumed expectation that such compounds
possass similar properties. In re Wilder, 563 F_2d 457, 195 USPQ 426 (CCPA 1977). Sea also In re May, 574 F.2d 1082, 197 USPQ 601 (CCPA 1978) (steracisomears pnma facie
obvious)




Target-based approaches to prediction
of biological activity

Prerequisites:

v Data about 3D structure of target
macromolecule (X-ray, NMR, Modeling).

v' Data about 3D structure of active site

Methods:

v Docking and estimation of binding
energy (scoring function).

v Active site mapping and de novo design.




Molecular mechanics

Description of molecules by “force fields”
» Atom types

» Bond types

> Relative positions of atoms

» General energy is the sum of components:

Etotal = Estretch + Ebend + Etorsion + Evdw + Eelectrostatic * ..



Visualization technigques

(a)




Target-Based Drug Design

Problems:

v 3D structure of the target is
necessary.

v 3D structure in crystal vs. 3D
structure In solution.

v Approximation of energy binding
estimates.

v Approximation of 3D conformation of
flexible ligands.



Examples of drugs developed on the
basis of target-based drug design

HIV-1 protease inhibitors
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Outline

e Chemical compounds & biological activity

 Computational approaches to prediction of
biological activity.

o PASS: Prediction of Activity Spectra for
Substances

e PharmakExpert: Tool for analysis of PASS
predictions

e GUSAR: General Unrestrained Structure-
Activity Relationships

e Summary



PASS: Prediction of Activity Spectra for Substances
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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%o.

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

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

2009 PASS Professional version 9.1.:
~205,000 compounds; 3750 activities, AP —95%¢0.

2011 PASS Pro 11.4:
250,407 compounds; 4444 activities, AP —959%940.



PASS 11.4 Characteristics

v Training Set  » 250,407 drugs, drug-candidates and
pharmacological substances comprise the
training set.

v Biological > 4444 biological activities can be predicted
Activity (Active vs. Inactive)

v' Chemical > Multilevel Neighborhoods of Atoms (MNA)
Structure descriptors (Filimonov et al., 1999).

v' Mathematical » Bayesian approach was selected by
Algorithm comparison of many different methods

(Filimonov & Poroikov, 2008).
v Validation > 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).
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.



PASS Validation (Experiment Design)

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.
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Robustness of Biological Activity Spectra Predicting by Computer Program PASS for
Noncongeneric Sets of Chemical Compounds

V. V. Poroikov.*' D. A. Filimonov." Yu. V. Borodina," A. A. Lagunin,’ and A. Kos?

Institute of Biomedical Chemistry RAMS, Pogodinskaya Str., 10, Moscow 119832, Russia, and
AKos Consulting & Solutions GmbH. Rossligasse 2. CH-4125 Riehen. Switzerland

Received March 1. 2000

The computer system PASS provides simultaneous prediction of several hundreds of biological activity
types for any drug-like compound. The prediction is based on the analysis of structure—activity relationships
of the traming set including more than 30000 known biologically active compounds. In this paper we
mvestigate the influence on the accuracy of predicting the types of activity with PASS by (a) reduction of
the number of structures in the training set and (b) reduction of the number of known activities in the
training set. The compounds from the MDDR database are used to create heterogeneous traiming and evaluation
sets. We demonstrate that predictions are robust despite the exclusion of up to 60% of information.

INTRODUCTION

Traditional QSAR and 3D molecular modeling are suc-
cessful at predicting the biological activities for chemical
structures, provided they work with small number of types
of activity and usually stay in the same chemical series.!~
Similarity searching®’ and clustering methods’® can be used
to separate compounds into structural groups’ and for the
prediction of biological activities and compound selection.!°

Table 1. Some Predicted Biological Activities for Cavinton®

no. Pa Pi activity expt
1 0929 0.004 peripheral vasodilator
2 0900 0000 multiple sclerosis treatment
3 0.855 0.005 vasodilator +
4 0844 0003 abortion inducer +
5 0812 0001 antineoplastic enhancer
6 0760 0006 coronary vasodilator +
7 0.007 spasmogenic

0.732



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'lstituto Superiore di Sanita. 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.



Information Included into PASS Activity Spectra (1)
- 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.qg.,
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 (I1)
- 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).



Multilevel Neighborhoods of Atoms (MNA) Descriptors
T " MNAZO: C
H ¢ & H  MNA/1: C(CN-H)

H/C\(F//C\C/O\H MNA/2: C(C(CC-H)N(CC)-H(C))
H

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 Dy, ..., D, are independent, then:
P(S|A) = P(Dy, ..., DylA) = ILP(Dj|A)

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

D 9 (D)w, (A)
>..9,.D)

DD, 9. (D)w, (A)
>.>.,.9.(D)

P(AID;) =

P(A)=



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 iIn
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.

Pa (P1) 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.



How PASS Predicts Biological Activity Spectrum?

Structure of new compound

. g

Estimating the probability that it has a
particular biological activity

;.

Predicted biological
activity spectrum

& N

oL Anxiol_ytic Pa Pi Action:
: Sedative 0.853 0.020 Anxiolytic
0 SHTIA Inhibitor 0.694 0.035 Sedative

Carcinogen

. F




Initial Estimation Functions of Pa and Pi
for Antihistaminic Activity
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Example: Choosing the Antiinfective
Compounds Without Carcinogenicity

* 4-Biphenylamine * Derivative

e Antiinfective

e (Pa = 0.550)

e NoO carcinogenic
effect Is
predicted

garcinogenic
(Pa = 0.605)



Prediction for RFI1-641 (Wyeth)

NH ) }\l
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A. Nikitenko et al., ASDD-2005.
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.706
.743
.707
.682
.674
.675
.655
.634
.629
.615
.600
.549
.545
.550
.529
.536
.508
.517
.502
.501

.304

<PASS.ACTIVITY.SPECTRUM>

.008 Carcinogen, female rats, ezy
.010 Carcinogen, female rats, smi
.006 Carcinogen, female rats, Igi
.056 Hematotoxic

.020 Toxic

.014 Teratogen

.013 Anaphylatoxin receptor antagonist
.028 Carcinogen, female mice, hmo
.015 Embryotoxic

.015 Angiogenesis inhibitor

.025 Transactivat. transcript. prot. inhib.
.045 Carcinogen, male rats, ezy
.038 Carcinogen, male rats, kid
.021 Carcinogen, female rats, liv
.021 Carcinogen, male rats, liv
.040 Carcinogen, female mice, sto
.026 Antiprotozoal (Toxoplasma)
.037 TNF alpha antagonist

.020 Carcinogenic

.030 Carcinogen, male rats

.030 Carcinogen, female rats

.042 Platelet aggregation stimulant

ol eoleolololNolNololololololNololNoelolololholoRNo o)

.107 Antiviral
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Bisphenol A: Cause of Diabetes
and Cadiovascular Disorders?
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PASS prediction for Bisphenol A

98
O

0.757 0.004 Toxic, respiratory center

0.740 0.021
0.744 0.050
0.704 0.026
0.644 0.014
0.630 0.010
0.693 0.076
0.625 0.023
0.611 0.009
0.584 0.016
0.583 0.023
0.608 0.048

Hypercholesterolemic
Hematotoxic
Hyperglycemic
Carcinogenic, group 1
Carcinogenic, group 3
Neurotoxic

DNA damaging

Eye irritation, high
Spasmogenic

Emetic

Cardiotoxic

0.569 0.034 Thrombocytopoiesis inhibitor

0.547 0.014
0.519 0.012
0.574 0.092
0.559 0.082

Eye irritation, weak
Skin irritation, weak
Convulsant
Hepatotoxic

0.555 0.109 Arrhythmogenic

0.506 0.070
0.513 0.100

Nephrotoxic
Torsades de pointes



Cotinine: New Agent for Alzheimer Disease Treatment?
: Top 100
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If Cotinine’s Cognition Enhancing Effect Could Be Predicted by PASS?

17 of 501 Possible Pharmacological Effects at Pa > 0.500

0.892
0.887
0.889
0.830
0.672
0.672
0.668
0.603
0.591
0.592
0.609
0.554
0.635
0.553
0.516
0.544
0.510

0.005 Nootropic

0.003 Sialagogue

0.005 Antineurotic

0.004 Psychostimulant

0.005 Respiratory analeptic

0.009 Antihypoxic

0.047 Kidney function stimulant

0.008 Analeptic

0.003 Antismoking

0.019 Vasodilator, cerebral

0.041 Digestive functional disorders treatment
0.016 Cognition disorders treatment

0.136 Immunomodulator (HIV)

0.067 Autism spectrum disorders treatment
0.069 Vasoprotector

0.113 Antineoplastic (non-small cell lung cancer)
0.174 Antiinflammatory, pancreatic



Significant Increase of the Fraction
of “Actives” by Computer Prediction
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Design of New Cognition Enhancers: From Computer Prediction to Synthesis
and Biological Evaluation

Athina A. Geronikaki,*' John C. Dearden,* Dmitrii Filimonov S Irina Galaeva, Taissia L. Garibova,!
Tatiana Gloriozova,’ Valentina Krajneva,!' Alexey Lagunin,® Fliur Z. Macaev,* Guenadij Molodavkin,"
Vladimir V. Poroikov,® Serghei 1. Pogrebnoi,* Felix Shepeli,t Tatiana A. Voronina/' Maria Tsitlakidou," and
Liudmila Vlad*

School of Pharmacy, Department of Pharmaceutical Chemistry, Aristotle University of Thessaloniki, Thessaloniki, Greece,
School of Pharmacy and Chemistry, Liverpool John Moores University, Liverpool, L3 3AF UK, Institute of Biomedical
Chemistry, Russian Academy of Medicinal Science, Moscow, Russia, Institute of Pharmacology, Russian Academy of
Medicinal Science, Moscow, Russia, and Institute of Chemistry, Moldavian Academy of Science, Kishinev, Moldova

Received November 3, 2003

To discover new cognition enhancers, a set of virtually designed synthesizable compounds from
different chemical series was investigated using two computer-aided approaches. One of the
approaches is prediction of biological activity spectra for substances (PASS) and the second is
prediction of toxicity, mutagenicity, and carcinogenicity (DEREK). To increase the probability
of finding new chemical entities, we investigated a heterogeneous set of highly diverse chemicals
including different types of heterocycles: five-membered (thiophenes, thiazoles, imidazoles,
oxazoles, pyrroles), six-membered (pyridines, pyrimidines), seven-membered (diazepines,
triazepines), fused five+six-membered heterocycles (indoles, benzothiazoles, purines, indolizines,
neutral, mesoionic, and cationic azolopyridines). A database including 5494 structures of
compounds was created. On the basis of the PASS and DEREK prediction results, eight
compounds with the highest probability of cognition-enhancing effect were selected. The
cognition-enhancing activity testing showed that all of the selected compounds had a pronounced
antiamnesic effect and were found to reduce significantly scopolamine-induced amnesia of
passive avoidance reflex (PAR). The action of compounds at doses of 1 and 10 mg/kg caused a
statistically significant increase in latent time of reflex and in the number of animals, which
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IDENTIFYING AND DEVELOPING
NEW USES FOR EXISTING DRUGS

new Indications could deliver the productivity ncreasas that the Industry nijeas
the locus of production to bictechnology companes. Morg and maone compal
axisting pharmacopoaia for repositioning candidates, and the number of re
stories is increasing.

The biopharmaceutical industry has a problem: output Pharmacenticals), which c
IIJ.‘- [ kd’lll: I:'lill.'l:’ 'Wi'll'l rht’ EN0TmoLS .EI:I{.I:EH.L-E.‘- i:ll. E'k'lt‘ll.rdfd'l.'l‘l.!il.!c‘ IIiiLLiII ﬁlr
pharma R&D spending (Ac. 11 This gap in productivity vanee { Bristol-Myers Squib),
exists even though pharma companies have invested plus glyburide for diabetes; a

THE VALUE OF DRUG
REPOSITIONING IN THE
CURRENT PHARMACEUTICA

MILATH JLONATN . Lwdaing

DRUG REPOS

DRUG REPOSITIONING:

TIONING SUMMIT:

Ted T. Ashibuirn and Karl B. Thor |r ]E N'r’ N || . ".' 5 ',|| | [ Co T _,I
Biopharmaceutical companies attempling to increase productivity through novel discovery w1 | IS cC
technologies have falien shor of achisving the desirad results. Repositioning existing urugm i P

Dineg Diacovery Today =Viclume 16, Wumbers 78+ Apdl 'Ia.|11

In silico repositioning of approved drugs
for rare and neglected diseases

WAARKFE Sean Ekins"***, Antony J. Williams®, i “_
r\‘hﬁ‘“_\ K |: T Matthew D. Krasowelki® and laal € Evanndlich? prvabrayinkipsi.
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Drug Discovery Using Chemical Systems Biology:
Repositioning the Safe Medicine Comtan to Treat |
Drug and Extensively Drug Resistant Tuberculosis

+ - To% = = 2% [ | F = nre & ape
Sarah L. Kinnings'®", Nina Liu®", Nancy Buchmeier'", Peter J. Tonge”, Lei Xie™. Philip E. Boy
1 Departrnant of Biology, Uriversity of Yerk, York, United Kingdam, 2 Institute of Chemical Biclogy & Drug Discovery, Depanment of Chemistry, Stony
Sbony Brook, New York, United States of America, 3 Department of Chemistry and Biochematry, University of California San Diego, La Jolla, Califomia,
Aredcs, 450 Diego Supercomputer Certer, University of Califomia Sen Diego, Ly Jolla, Colformes, United St of America 35kiggs School of
Pharmacsuticdl Soienced, Undwarity of Callomis Son [Bega, La Jolli, Califernia, Unned States of Ameica

Abstract
The rise of multi-drug resistant (MD¥F) and extensively drug resistant (XDR) tuberculosis around the world, indl
industrialized nations, poses a great threat to human health and defines a need to develop new, effective and ine
anti-tubercular agents, Previously we developed a chemical systems biology approach to identify off-targets
pharmaceuticals on a proteome-wide scale, In this paper we further demonstrate the value of this approach thr
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PRECLIMICAL STUTHES

A novel activity from an old compound: Manzamine
A reduces the metastatic potential of AsPC-1 pancreatic
cancer cells and sensitizes them to TRAIL-induced apoptosis

Esther AL Guemiin « Jacob [ Johmsen -
Patricia A- Linkey « Saruth E. CGunasckers -
Amy E. Wrighi

Recevwnl: 5 Movember JHE / Scoepied: 1] Barch 2018
17 Speifger SeicaceHHusiness Media, 1L 2000

Abstract Pirpose: Pancreatic cancer & the fourih leading  Indreduwction

cause of cancer death m the United States, and new drags o

treai the dsease ore meeded Pancreatic cancer cells are  Pancreatic cancer 15 the fourth leading cause of cancer
highly metastatic and exhibit resistance to spopiosis. Small  death in the United States, sccounting for abawt ten percent

discovery that existing commercially available drugs, prescribed for the treatment of Parkinson's disease, have the

to treat MDR and XDR tuberculosis. These drugs, entacapone and tolcapone, are predicted to bind to the enzyme InhA and |
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TOP 200 MEDICINES: CAN NEW ACTIONS
BE DISCOVERED THROUGH
COMPUTER-AIDED PREDICTION?*

V. POROIKOV*P! D. AKIMOV®, E. SHABELNIKOVA®
and D. FILIMONOV*

“Institute of Biomedical Chemistry of the Russian Academ y of Medical Sciences,
10, Pogodinskaya Street, Moscow, 119832, Russia; ®Medical and Biological
Faculty of the Russian State Medical University, 1, Ostrovityanova Street,
Moscow, 117869, Russia

{ Received 30 June 2000; In final form 31 March 2001)

Computer-aided prediction of the biological activity spectra by the program PASS was applied
to a set of 130 pharmaceuticals from the list of the Top 200 medicines. The known phar-
macological effects were found in the predicted activity spectra in 93.2% of cases. Additionally,
the probability of some supplementary effects was also predicted to be significant, including
angiogenesis inhibition, bone formation stimulation, possible use in cognition disorders
treatment, multiple sclerosis treatment, erc. These predictions, if confirmed experimentally, may
become a causc for a new application of pharmaceuticals from the Top 200 list. Most of known
side and toxic effects were also predicted by PASS. PASS predictions at carlicr R & D stages
may thus provide a basis for finding new “leads” among already launched drugs and may help
direct more attention to those particular effects of pharmaceuticals in clinical use which become
apparent only in a small part of the population and require additional precautions.

Keywords: Biological activity spectra; Top 200 medicines; Side effect; Toxicity; Computer-aided
prediction; PASS



Finding New Activities for Old Drugs

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

Albuterol; Albuterol Aerosol 93% of known

pharmacological
actions and 83% of

Alendronate; Fosamax

Allopurinol :

A.pr'“;zo.am known side effects
Amitriptyline & toxicity were

SRR predicted by PASS.
Verapamil

Warfarin; Coumadin
Zafirlukast; Accolate
Zolpidem; Ambien

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



New Activities Were Predicted in Many
Cases, e.g. for Carisoprodol

O O
L )\ Predicted Activities:
O N
Angiogenesis

Inhibitor
(Pa=0.569)
Known Activity:  puitiple sclerosis
Skeletal muscle treatment

relaxant (Pa=0.549)



Results of prediction for Lisinopril
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Prediction of biological activity for some
antihypertensive drugs

Name Nootropic Al, % A2, % A3, %0 A4, % A5, %% AG, %0
effect, %o
- - - - 81,7

Captopril 44.6

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

Amlodipin

- ------

Pa values exceeding 30% are presented for several biological activities: Al - Acetylcholine M2
receptor agonist; A2 - Acetylcholine release stimulant; A3 - 5 Hydroxytryptamine release
stimulant; A4 - GABA receptor antagonist; A5 - X-Pro dipeptidase inhibitor; A6 - 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

F_PtrN
S_PtrN
PatrIN

F ChTm
F_GITm
T _ChTm
T _GITm
R_TrnN

L_TrnN
rl_Ind

S_VisN

14

10

14

14

14

14

14

14

14

14

14

Control

M

5,2

5,8

1,9

23,7

24,6

76,0

160,1

5,9

2,7
0,7

4,8

SEM
0,2

0,5

0,2

8,7

2,1

14,9

8,6

0,7

0,5
0,1

0,8

14

11

14

14

14

14

14

14

14

14

14

1 mg/kg

M

5,6
4,5*
2,1
11,9
22,4
47,6
152,4
3,3*
4,4%

0,5

4,5

SEM
0,5

0,2

0,2

2,0

2,9

3,1

8,3

0,8

0,9
0,1

1,0

14

14

14

14

14

14

14

14

14

14

14

4 mg/kg

M

51
5,2
2,1
9,9
33,2
54,2*
167,6
4,1

2,9
0,6

4,7

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

SEM
0,4

0,3

0,1

2,1

5,9

5,3

16,1

0,7

0,6
0,1

0,6

13

12

14

14

14

14

14

14

14

14

14

8 mg/kg

M

5,2
5,8
1,9
10,7
21,3
42,4*
158,8
3,9

3,3
0,5

5,4

SEM
0,5

0,4

0,2

3,0

3,2

2,5

16,8

0,7

0,3
0,1

0,8



Influence of Pirazetam on patrolling behavior of mice in a cross-maize
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* - statistical significance in comparison with control (p<0,05)

15
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15
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15
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15
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Control
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5,9

4,8
1,9
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19,9
45,2
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5,2
2,9
3,7
0,6

6,9

SEM
0,4

0,4
0,1
3,0
1,9
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9,4
0,5
0,4
0,4
0,0

0,8
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100 mg/kg

M
5,5

51
1,9
20,8
26,4
48,0
164,2
4,5
3,1
4,3
0,6

5,4

SEM
0,5

0,3
0,1
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300 mg/kg
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4,5*

5,4
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4,3*

SEM
0,2

0,4
0,1
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2,9
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0,5
0,2
0,1
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NOOTROPIC-ACTION-OF ‘SOME-ANTIHYPERTENSIVE -DRUGS:q
COMPUTATIONAL-PREDICTION-AND-EXPERIMENTAL - TESTINGY|

1
Kryzhanovsky-S.A.,-Salimov-R.M.q

Bldg.8, Baltiyskaya-Str.,-Moscow, 125315
|
Lagunin-A.A., Filimonov-D.A.,-Gloriozova-T.A.,-Poroikov-V.V
Institute of Biomedical Chemistry-of-Rus.-Acad.-Med. Sci..f
Bldg.-10,-Pogodinskaya-Str.,-Moscow, 1191219

On-the-basis-of -computational-prediction-of*biological -activity spectra -using-computer -program-
PASS:- several- antihypertensive- drugs- belonging- to- the- group- of* ACE- inhibitors- have- been-
selected- for- testing- of - nootropic-activity.-Experiments- were-conducted-on-mice-by-the-test-of-
spontaneous-orientation-(patrolling-behavior)-in-the-cross-maze. -It-was-found-that-perindopril-in-
dose- of* 1-mg/kg, - and- quinapril- and- monopril- in- doses- of- 10-mg/kg- improved- the- patrolling:
behavior-in-the-maze. -This-effect-1s-similar-to-the-effects-of-standard-nootropic-drugs-piracetam-
and-meclofenoxate- (in- doses- of-300-and- 120-mg-/-kg, respectively).- The-observed-nootropic-
effectof'some-ACE inhibitors-are likely to-be unrelated to-their-antihypertensive effect, -since-the-
nootropic-action-took-place-only-at-relatively-low-doses-of-perindopril,-quinapril-and-monopril-
and-was-not- observed- with- further- increase- in- dose. - Identification- of- nootropic-action- of- the-
commonly-used-in-clinical practice antihypertensive-drugs-lead-to-new-clinical-applications -with-
regard-to-the relevant-individual -peculiarities-of-patients.*

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
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Online Biological Activity Prediction with PASS

» Home »  Definition »  Products »  Senvices » FAQ »  Contacts

'’AS5S5 online

It is easy to use

Get more information News 9
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PASS Online predicts over 3500 kinds of biological activity, e O
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Input of the Structural Formula (Clopidogrel)

PASS PREDICTION

-------------------------------------------------------------------------------------

(Get Prediction]

-------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------

Use of Marvin Applet (http//w ww chemaxon com)

To run the applet, you need the Java x86 installed on your PC
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Over Forty Publications with Independent

Confirmation of PASS
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FRANCOIS ARTIGUENAVE ANDRE LINS,' WESLEY DIAS MACIEL,!
ANTONIO CELSO CALDEIRA JUNIOR,! CARLA NACIF-COELHO?
MARIA MARGARIDA RIBEIRO DE SOUZA LINHARES?
GUILHERME CORREA DE OL HHRL- LUIS HUMBERTO REZENDE BARBOSAY
JULIO CESAR DIAS LOPES, and CLAUDIONOR NUNES COELHO JUNIOR!

Available online at www.sciencedirect.com

Aval online at www.sciencedirect.com . .
Bioorganic &
-ouno-@mn-or- Medicinal
Chemistry
Letters
ELSEV] ER Bicorganic & Medianal Chemistry Letters xxx (2005) xxx-xxx

Quinazolines revisited: search for novel anxiolytic and
GABAergic agents

R. K Goel.™* Vipan Kumar® and M. P. Mahajan™*

*Department of Pharmaceutical Sciences, Guru Nanak Dev University, Amritsar 143 005, India
® Deparmient of Applied Chemistry, Guru Nanak Dev University, Amritsar 143 005, India

.cl:nc-@nlnnero Expcrimellta.l
Parasitology

ELSEV!ER Experimental Parasitology 106 (2004) 67-74

www._elsevier.com/locate/vexpr
In vitro activity of the B-carboline alkaloids harmane. harmine,
and harmaline toward parasites of the species Leishmania infantum

C. Di Giorgio.™* F. Delmas.” E. Ollivier.,® R. Elias.” G. Balansard.” and P. Timon-David*

* Laboratoire de Parasitologie, Hygiene et Zoolagie Faculte de Pharmacie, 27 Bd. Jean Moulin, 13385 Marseille cedex 03, France
™ Laboratoire de Pharmacognosie Faculte de Pharmacie, 27 Bd. Jean Moulin, 13385 Marseille cedex 05, France

Diavmaan = of el nm O pey i 000 PR 28T

CaveTs % v #rs & Baned e

European Journal of Medicinal Chemistry -

B T T e L O e e H

Originad arvicle
Photo-indudble cytotoxic and clastogenic activities of 3 6-di-substituted acridines
obtained by acylation of proflavine

Yohann Benchabane® Carole Di Giorgio™*, Gérard Boyer®, Anne-Sophie Sabatier %, Diane Allegro®,
Vincent Peyrot ©, Michel De Méo®*

# i bt b By o Madprate D ayecteaste (20 Tl P8 B 0 SLRS, Ui i S wie, f s de Sr e S0 e sbesm 7100
n..n-lq. Colw A%, Frawr s

¥ i T, e A2 (1wt — - LIS A A - vt M s, st . v, 11087 Ma el oo 30, Brarwe
g O i g Pena i e R e L A e

Ethnobotanical Leaflets

Volume 2008, Issue 1 2008 Article 29

Phytochemical Investigation and
Pharmocological Studies of the Flowers of
Pithecellobium Dulce

P. G. R. Chandran” S. Balaji'

Reviewed: Geronikaki A. et al. SAR &

QSAR Environ. Res., 2008, 19, 27.



Outline

e Chemical compounds & biological activity

 Computational approaches to prediction of
biological activity.
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PharmaExpert: Search for Compounds
with the Required Activity Profile
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PharmaExpert: Selection of Multi-Targeted
Anticancer Agents in ChemBridge DVS Database
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Current Pharmaceutical Design, 2010, 16, 1703-1717 1703

Multi-Targeted Natural Products Evaluation Based on Biological Activity Prediction
with PASS

Alexey Lagunin. Dmitry Filimonov and Vladimir Poroikov*

Institute of Biomedical Chemistry of Rus. Acad. Med. Sci., 10, Pogodinskaya Str., Moscow, 119121, Russia

Abstract: Natural products found a wide use m folk medicmne. Presently, when routine development of new drugs faced a considerable
challenge, they become an mspiration and valuable source i dmgs discovery. Rather complex and diverse chemucal structures of natural
compounds provide a basis for modulation of different biological targets. Natural compounds extubit a multitargeted action that may lead
to additive/synergistic or antagonistic effects. Rational design of more safe and potent pharmaceuticals requires an eshmation of probable
multiple actions of natural products. Our software PASS can perform such estimation. It predicts with reasonable accuracy over 3500
pharmacotherapeutic effects. mechanisms of action. interaction with the metabolic system, and specific toxicity for dmg-like molecules
on the basis of their structural formulae. We analyzed PASS predictions utihzing PharmaExpert, which perfanm selection of compounds

with multiple mechanisms of action, analysis of activity-activity relationships and dmg-drug interactions. The paper describes an
application of PASS and PharmaExpert to the evalvation of biological activity of natural compounds including marine sponge alkalods,
triterpenoids of lupane group, and therr denvatives. Proposed computer-aided methods can gemerate combmatonal hbranes of
macrohdes. They help to select the most promusing pharmaceutical leads with the requured properties. Case study, based on the analysis
of biological activity spectra predicted for St John's Wort constituents, clearly demonstrates capabilities of computational methods in the
evaluation of multtargeted actions. additive/synergistic and/or antagomstic effects of natural products.

Kevwords: Natural products. computational evaluation. biological activity spectra prediction. PASS. multitargeted action. dmg-dmg
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St. John’s Wort

Adverse Effects (frequency)

St John's
- 1.3%

Dothiepin;

2.6%
Fluoxetine;
8.9%

oclobemide;

4.2%

Adverse Effects (number)

St John's
Wort ; 10

Dothiepin; 17

Moclobemide;
14

Fluoxetine; 16

Mirtazepine;
15



Number of predicted biological
activities at different thresholds
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Predicted biological activity spectra for
93 components of St. John’s Wort (Pa > 0.7)

Gene expression; 4

Transporters; 2 Effects: 105
Metabolism; 85 N

Toxic and Side
Effects:; 34



Known biological activities predicted by PASS

Activity

IDs

Analgesic*
Antibacterial
Antidepressant
Antiinflammatory

Antineoplastic
Antioxidant

Antiseptic
Antiulcerative
Antiviral*
Choleretic
Photosensitizer
Spasmolytic

58, 61
23, 80, 24, 48, 30
7,19,1,5,3,6,13,4

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

66, 43, 71, 61, 38, 72, 35, 24, 23, 33, 25, 80, 48, 16, 8, 42

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

25, 89, 84, 67, 86, 37, 74, 47

54, 85,1,41, 7,5, 6, 36, 27, 55, 68, 35, 15, 86, 77, 89
78, 87

50, 81, 51, 77, 86, 76, 27, 68, 88, 92, 2, 18, 93, 84, 56, 31
18

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
e - Andeplepic
7 Antihypoxic -
8 Antiinflammatory Antiinflammatory
Antimetastatic Antimetastatic

10  Antimutagenic -
11  Antineoplastic Antineoplastic

_

14



Outline

e Chemical compounds & biological activity

 Computational approaches to prediction of
biological activity.

o PASS: Prediction of Activity Spectra for
Substances

e PharmakExpert: Tool for analysis of PASS
predictions

e GUSAR: General Unrestrained Structure-
Activity Relationships

e Summary



GUSAR: General Unrestricted Structure-
Activity Relationships
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QONA: Quantitative Neighborhoods of Atoms descriptors
Pi = BiZ(EXp(-¥2C))i By
Qi = Bi (EXp(-72C))iBi A
A =2(IP + EA),
B =(IP - EA)™”,
IP 1s the first ionization potential,
EA 1Is the electron affinity.



QONA: Quantitative Neighborhoods of Atoms descriptors

01110 140 059 -057 -057 0.14
O 1000 1 059 127 014 014 -054
¢ wr C=|100 0 0f Bxp-ic)=[-057 014 113 013 -002
H 10 1 0000 057 014 013 113 -0.02
01000 0.14 -054 -0.02 -0.02 1.3
a) b) c)
EA IP A B P Q

1263 1126 6262 0316 -0.00218 -0.1820
1461 1362 7541 0287 0.02944 0.3019
1461 1362 7541 0287 0.06199 0.5297
0.754 1360 7177 0279 0.05812 0.4706
0.754 1360 7177 0279 0.05304 0.3533

I T OO0

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 iIs 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-g 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
CYP2AG6 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.
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DHFR Inhibitors
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Vibrio Fischery Acute Toxicity
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Tetrahymena Pyriformis Acute Toxicity
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CYP2AG6 Inhibitors
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Comparison of prediction accuracy with some other methods
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SAR and QSAR in Environmental Research Taylor & Francis
Vol 20, Nos. 7-8, October-December 2009, 679-709 Tavler b francs Group

QNA-based ‘Star Track® QSAR approach’
D.A. Filimonov®, A.V. Zakharov, A.A. Lagunin and V.V. Poroikov

Institute of Biomedical Chemistry of Russian Academy of Medical Sciences, Moscow, Russia
(Received 6 July 2009; in final form 1 October 2009)

In the existing quantitative structure—activity relationship (QSAR) methods any
molecule is represented as a single point in a many-dimensional space of
molecular descriptors. We propose a new QSAR approach based on Quantitative
Neighbourhoods of Atoms (QNA) descriptors, which characterize each atom of
a molecule and depend on the wholk molecule structure. In the “Star Track’
methodology any molecule is represented as a set of points in a two-dimensional
space of QNA descniptors. With our new method the esimate of the target
property of a chemical compound is calculated as the average value of the
function of QNA descriptors in the pomts of the atoms of a molecule in QNA
descriptor space. Substantially, we propose the use of only two descriptors rather
than more than 3000 molecular descniptors that apply in the QSAR method.
On the basis of this approach we have developed the computer program GUSAR
and compared it with several widely used QSAR methods including CoMFA,
CoMSIA, Golpe/GRID, HQSAR and others, using ten data sets representing
various chemical senes and diverse types of biological activity. We show that
in the majority of cases the accuracy and predictivity of GUSAR models appears
to be better than those for the reference QSAR methods. High predictive ability
and robustness of GUSAR are also shown in the leave-20%-out cross-vahdation
procedure.

Keywords: QNA; QSAR; biological activity; toxicity; GUSAR
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Synthesis, Antifungal Activity and QSAR study of 2-Arylhydroxynitroindoles

Galina V. Kokurkina® Mikhail D. Dutov® #, Svyatoslav A. Shevelev®, Sergey V. Popkov®, Alexey V.
Zakharov® and Vladimir V. Poroikov*

*Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, 119991 Moscow, Russian Federation
*Mendeleev University of Chemical Technology of Russia, 125047 Moscow, Russian Federation
* Institute of Biomedical Chemismry of Russian Academy of Medical Sciences, 119121 Moscow, Russian Federation

ARTICLE INFO ABSTRACT

Article history: A series of 2-arylhydroxynitroindoles were prepared and tested for antifungal activity in vino.

Received The prelmmary broassays indicated that some compounds are comparable to the commereial

Received in revised form fungicide (triadimefon). To further explore the structure — activity relationships, the data set of

Accepted the seventeen structures and thewr quantitative values of antifungal activities were used for

Available onlins QSAR modeling. Based on the obtained QSAR models four new chemical compounds were
designed, synthesized and tested in fungicidal assays. Reasonable comespondence between the

Keywords: experimental and predicted values of antifungal activity was observed.

2-Arylhydroxymitroindoles

Cyclization of ketoxiumes

Fungicidal activity

= " )
OSAR 2011 Elsevier Ltd. All rights reserved.




QSAR Modelling of antifungal activities

Table 3. QSAR modeling of antifungal activities results.
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Bs 12/5 4 089 | 072 | 057 80 | 3574 o '
Test Sst With the spplacchdiry domain
Fm 12/5 21 089 | 077 | 080 100 | 28.01 - HE &
Fo 12/5 3 085 | 068 | 0.66 | 100 17
Figure 1. QSAR modeling workflow
Rs 12/5 20 091 | 079 | 0.72 100 | 27.58 ¢ Q &
Ss. 12/5 11 089 | 0.79 | 081 100 | 37.29
Vi 12/5 2 083 | 061 | 0.82 100 | 2037
R” — determination coefficient
TDH CHJ
Q" — determination coefficient calculated for leave-one-out L | - EE
cross validation procedure HC” X J‘Q* i
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Figure 2. Atom contribution info the antifungal activity.



Comparison of computational predictions with the experiment
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Figure 3. Comparison of the experimental (black line) and
predicted (grev line) antifungal activities for compounds 10a (1-
6), 10b (7-12), 10¢ (13-18), 10d (19-24). 1-6, 7-12, 13-18 and
19-24 are activities against B.s, F.m.,, F.o., Rs, 5s. and Vi,
respectively. Average RMSE values calculated for each activity
vary from 12 to 23; for each compound — from 12 to 28. All
values are given in percent of inhibition at 30 pug mL™
concentration of the compound.



GUSAR-Based Web-Service
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GUSAR software was developed to create QSAR/QSPR models on the aY ‘.‘
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http://pharmaexpert.ru/gusar




Outline

e Chemical compounds & biological activity

 Computational approaches to prediction of
biological activity.

o PASS: Prediction of Activity Spectra for
Substances

e PharmakExpert: Tool for analysis of PASS
predictions

e GUSAR: General Unrestricted Structure-
Activity Relationships

e Summary



Summary

Computer-aided approaches is useful for finding of
hits and their optimization to lead compounds.

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

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

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

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




