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Outcome for R & D of Pharmaceuticals:

New tar gets New ligands “New” Patients

~500 targets are  More efficacy; Genotyping,

currently in use; more safety Individual ,
responses to
5.000-10,000+ (less adverse & the drugs.

are expected ina toxic effects).
few years.

Better understanding of individual responses to drugs
— Personalized Medicine.



Pharmacotherapeutic Action is the Results
of Drug Interaction with a Human Organism

Qf% Anxiolytic
Typically, any
drug interacts XL Antihypertensive |
with many
ta_rgets, that Antiarrhythmic ]
might be a

cause for many
pharmacological
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Example: Some Biological Activities Found
for Vinpocetine after 25+ Years of Study

Psychotropic

Acute neurological disorders
treatment

Cognition disorders treatment
Antihypertensive
Antiarrhythmic

Antiischemic

Antihypoxic

Vasodilator

Thrombolytic

Lipid peroxidase inhibitor
Alpha 2 adrenoreceptor antagonist
Sedative

Abortion inducer




Some pharmaceuticals withdrawn from clinical
trials or from the market due to the toxicity.

6-Azauracil, Sorivudine Neuroroxicity.
(Antiviral, Antitumor)

Troglitazone Hepatotoxicity.
(Antidiabetic)

Phenylpropanolamine Risk of hemorrhagic
Hydrochloride stroke.
(Decongestant)

Baycol Rhabdomyolysis.

(Anticholesterol)



Examples of New Indications for Old Drugs

N OY Acetgzola_mide
O=J S { Diuretic
cé/\g ?/ Antiepileptic
Levamisole
© W s Antihelmintic
H/( MR Immunostimulator
N
5 g Thalidomide
Ji';( Hypnotic
Q&l I Teratogen
o Angiogenesis inhibitor




A Huge Number of Compounds Is
Registered in the Existing Databases

CAS > 32,000,000
Beilstein > 7.500,000
ACD > 2,500,000
ChemDiv ~ 400,000
InterBioScreen ~ 250,000

ChemBridge ~ 250,000



It Is Impossible to Test Experimentally
Each Compound Vs. All Known Screens

B15nm
TNFR1-Eu '{EEE\N\
B43nm
TNF-Sm t{sgn:%\,d\

Streptavidin




Evaluation of compounds in silico
IS “the method of choice”

BRR = 0.35(40.18) log P + 1.93(0.48) I (Bi)
+ 1.15(0.60)1 (F) — 1.06(+0.53)1 (BiBr)
4 2.75(£0.64)1 (RNNO) — 0.48(+0.30)
n=41, r=0933, r2=0871, s=0.398,
F =474, P <0.001

I\
Structure M’NM
NH—N 5 o
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comp act logP MW
CP1 1 0.67 234 -
QSAR CP2 0 243 187
Table CP3 1 1.56 341 -~
CP4 1 ~ ~
PCA l peA
Conditional Bayes’ Theorem
probability analysis

QSAR model Binary QSAR Model




Is It Possible to Predict General Biological
Potential of the Molecule Under Study?

Yes, by the analysis of its chemical structure comparing to
the structures of known pharmaceutical agents.

Similarity Estimations:

Chemical similarity. Pharmacological similarity.

With molecules from the  With classes of molecules that

same chemical classes. have the same biological
activity.

IT Tanimoto coefficient IT probability of belonging to
exceeds 70%, the same the same class of activity
biological activity is exceeds a certain threshold,
suggested. then ...



Predictivity for Poor Covering
of Chemical Space (by ChemSim)

Training
Set

Range of
Predictivity

General Chemical
Space for Active
Compounds



Predictivity for Better Covering
of Chemical Space (by PharmSim)

Range of

Iraining Predictivity

General Chemical
Space for Active
Compounds



Impact of the Chemical Structure

Basic information about biological activity of chemical
compound is contained in its structural formula.

At the early stage of medicinal chemistry R & D
only structural formula is available.

It is difficult to synthesize proposed structures
and to test them in experimental assays.

It Is easy to evaluate them in silico.



Impact of Both Chemistry & Biology

Basic information about potential biological activity of
chemical compound is contained in its structural
formula.

If potential biological activity will be found by experiment,
depends on:

Assay (in vitro, in vivo, in animals, in human);

State of biological system (expression of receptors, etc.);
Dosage & route of administration,;

PK: ...



Biological Activity Spectrum

e All potential activities caused by the

compound in biological entities are presented

by Biological Activity Spectrum of the
Substance.

Biological Activity Spectrum:

- (1) is defined as an "intrinsic* property of the
compound;

- (2) represents each activity qualitatively.

eQualitative description of activities provides the

basis to include the data collected from many
different sources into the training set.



Examples of Biological Activity Types

Acetylcholinesterase inhibitor

Alcoholdehydrogenase inhibitor Mechanisms
Alpha 2 adrenoreceptor antagonist

5HT2 receptors agonist

Antihypertensive

Anticonvulsant Effects
Antiviral (HCV)
Mutagenic TOXiCity

Carcinogenic



PASS: Prediction of Activity Spectra for
Substances
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On the basis of compound’s structural formula PASS predicts 900
types of biological activity, including pharmacological effects,
mechanisms of action, carcinogenicty, teratogenicity, etc.



PASS Input for Nicotinic Acid

Multilevel Neighborhoods of Atoms descriptors

MNA/1  MNA/2
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PASS Output for Nicotinic Acid

21 Substructure descriptors; 0 new.

Exclude structure with activities:
Antihypercholesterolemic
Atherosclerosis treatment
Cholesterol antagonist
Cyclic AMP phosphodiesterase stimulant
Hypolipemic
Nucleotide metabolism regulator
Spasmolytic

198 Possible activities at Pa > Pi.

Pa Pi for Activity:

0.892 0.007 Lipid metabolism regulator

0.819 0.006 Fibrinolytic

0.794 0.016 Cholesterol synthesis inhibitor

0.758 0.007 Antihypercholesterolemic

0.751 0.007 Cholesterol antagonist
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PASS Robustness (Experiment)

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 was calculated for each
type of activity.

Poroikov V.V., Filimonov D.A., Borodina Yu.V., Lagunin A.A., Kos
A. J. Chem. Inf. Comput. Sci., 2000, 40 (6,) 1349-1350.



PASS Robustness (Results)

If we remove up to 60% of information from the
training set, the accuracy of prediction is still
satisfactory.

Despite the incompleteness of data in the
training set, accuracy of SAR analysis and
prediction results is reasonable.



PASS Evaluation Vs. NCI DTP
Anti-HIV Screening Results

Open NCI Database (250,251 compounds):
Tested In anti-HIV assay: 42,689 compounds
“Actives” (A & MA): 1,505 compounds

“Inactives”: 41,185 compounds

Percentage of actives: 1,540/42,689 = 3.52%.

A random selection would therefore preserve
this ratio.



PASS Application Increases the Number of
“Actives” In the Selected Sub-Set from 2.2 to
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Poroikov V., et al. PASS Biological Activity Spectrum Predictions in the Enhanced
Open NCI Database Browser. J. Chem. Inform. Comput. Sci., 2003, 43 (1) 228-236



Some Examples of Predicted Biological
Activity Confirmed by the Experiment

Cognition Enhancers, Anxiolytics, Anticonvulsants.

Geronikaki A. et. al. (2003). Abstr. Intern. Symp. On Drug Discovery and
Process Research, Kolhapur Jan. 23-25, p.26-28.

Antihypertensive, ACE inhibitor, NEP inhibitor.
Lagunin A. et. al. (2003). J. Med. Chem., 46(15), 3326-3332.

Antitumor
Pogrebnyak A.V. et al. (1998). Plant Resources (Rus), 34 (1), 61-64.

Islyaikin M.K. et al. (1997). Chemical & Pharmaceutical J. (Rus), 31 (8),
19-22.

Antibacterial

Maiboroda D.A. et al. (1998). Chemical & Pharmaceutical J. (Rus), 32 (6),
24-28.



Cognition Enhancers, Anxiolytics and
Anticonvulsants

Anxiolytic

_ _ Cognition enhancer
Aristotelian 2494 Anticonvulsant

University structures

94  DEREK & 25
Experts

) [+

Leuven University

University do
Minho

Moscow State

University q
Moldova Institut S 5% 0
oldova Institute : :
. Prediction p—
of Chemistry
results

Institute of
Organic Chemistry
Experiment £°




Results

Anxiolytics

Cognition enhancers

Anticonvulsants

—from 10 tested compounds all have
anxiolytic activity; 8 compounds have
an equivalent or moreactivity in
comparison with known anxiolytic

—from 10 tested compounds all have
cognition enhancer activity,
6 compounds have an equivalent or more
activity in comparison with known
cognition enhancer

—from 5tested compounds all have
anticonvulsant activity but no one hasan
eguivalent activity in comparison with
known anticonvulsant



Antihypertensive, dual ACE/NEP
Inhibitors

One Medicine - One Target

- im - tgr get

medicine

w —~+ 0 o ™ ™0



One Medicine —» One Target

- ImEmE target 14

medicine 1 \
effect
G 1w (o get 2\\/

medicine 2



One Medicine - Two (or More) Targets

medicine



Examples

Anti-inflammatory agents

Lipoxygenase inhibitor
Cyclooxygenase inhibitor

Antiallergic agents

Histamine H1 antagonist
Thromboxane A2 antagonist

Antihypertensive agents

ACE inhibitor
NEP inhibitor




Prediction result for a compound

<

Each type of biological
activity may beused asa
parameter for selection



“Mechanism-Effect” Relationships

d 5 HT1antagonist

5HT 1A antagonist

| Antiobesity

Alzheimer's disease
treatment

5HT 1B antagonist

5HT 1D antagonist

5HT antagonist

pa D HTZ2antagonist
g 5 HT3antagonist
pa D HT4antagonist

5HT 1F antagonist
- HT 2A antagonist '

Anxiolytic

- Antidepr essant

Anxiolytic

Antidepressant

Anxiolytic

5HT 2B antagonist

aag D HT6 antagonist
ad S HT7 antagonist

5HT 2C antagonist g

Antimigraine

> Antidepressant

mmm—  Antimigrainic



PharmaExpert — Software for
“Mechanism-Effect” Relationships Analysis

“Mechanism-Effect” Relationships Database

Mechanisms of action: 1587
Effects: 418
Relationships: 2664
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Search for ACE/NEP inhibitors

~200.000 4
compounds — ACE/NEP
= Inhibitors
- Pharma gty
Expert 7/
= Iy g
- &% .
ChemBridge l

AslnEx Results of prediction Experimental

testing



New PASS Applications Are Possible
If The Appropriate Training Set EXxists

e Discriminating between drugs and non-drugs
Anzali S. et. al. J. Med. Chem. 2001, 44, 2432-2437.

e Biotransformation predictions
Borodina Y. et. al. J.Chem.Inf.Comput.Sci., 2003, 43, 1636-1646

e Semi-quantitative estimating of acute toxicity
Lagunin A.A. et. al. J.P.P, 2003, Sept. Supl., S-57-58.

e Quantitative prediction of biological effects using
predicted activities as independent variables and
self-consistent regression.



http://www.ibmh.msk.su/PASS

Prediction for Many Drug-
L1ke Compounds

| s Possible via | nternet
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