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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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DRUG DEVELOPMENT BY IN SILICO METHODS

Lenskaya K'?, Bagaturiya G*, Buinov L*, Lebedev A5, Grishin V%, Proshin S*.

!Saint Petersburg State University, Russia.

’Saint Petersburg State Chemical and Pharmaceutical University, Russia.

3Saint Petersburg State Pediatric Medical University, Russia.

“Herzen University, St. Petersburg, Russia.

JInstitute of Experimental Medicine, St. Petersburg, Russia.

°Lesgaft National State University of Physical Education, Sport and Health, St. Petersburg, Russia.

"Research Institute of Dentistry and ChLH, I.P. Paviov St. Petersburg State Medical University, Saint Petersburg, Russia.

Abstract.

Multicenter studies of the last decade have confirmed the direct
relationship between the spatial structure of drug compounds
and their biological activity. Aim: The relevance of this topic,
on the one hand, is explained by the rapid development of new
technologies, on the other hand, by a large number of researches
works devoted to the study of the influence of stereoisomeric
factors on the therapeutic effect and side effects of drugs.

Methods: In recent decades, computational approaches have
been used to reveal the relationship between the biological
properties of substances and their structure and to quantitatively
describe this relationship. Quantitative Structure - Activity
Relationships (QSAR) is widely used in modern drug chemistry.
In combination with molecular modeling techniques, this trend
has been commonly referred to as in silico methods, which
implies a preliminary search for drugs by computer only, prior
to experimental screening.

Results: Hundreds of QSAR and molecular modeling programs
have been developed around the world: dozens of specialized
scientific journals are published dedicated to computer-based
methods of searching for biologically active substances.
Thousands of articles have been published demonstrating the
results of successful application of QSAR methods in the search
for new biologically active substances. There are currently more
than 101 million known organic compounds in the world, and
the known number of biological activities exceeds 25,000, so
global experimental testing of all substances is impossible.

Conclusion: Thus, the use of in silico methods to search for
drugs, in particular, for the preliminary selection of unpromising
compounds is super relevant.

Key words. /n silico methods, Quantitative Structure - Activity
Relationships, stereoisomeric factors.

Introduction.

The traditional way of searching for drugs in the 20th century
was to synthesize a wide variety of organic compounds and
test them for different types of activity. Hundreds of thousands
of substances were synthesized and tested. The laboriousness
and duration of this process forced scientists to think about
the development of the theoretical foundations of the search
for drugs and, mainly, the problem of limiting the number of
synthesized compounds [1].

Gradually, computational approaches emerged to identify the
relationship between the biological properties of substances and
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their structure and to quantitatively describe this relationship.
Such studies led to the birth of a scientific trend called
QSAR ("Quantitative Structure - Activity Relationships" or
"quantitative structure-activity relationships") in modern drug
chemistry. In combination with molecular modeling methods,
this direction received the common name of in silico methods,
which implies preliminarily searching for drugs only in a
computerized way, before the experimental screening.

The history of the development of in silico methods coincides
with the development of methods for statistical analysis of
empirical patterns. Corwin Hansch found that a regression
equation describing the relationship between biological
activity and the lipophilic, electronic, and steric parameters
of compounds is a very convenient tool for the researcher [2].
The regression equation is a statistical analogue of the exact
functional dependence including several independent variables
X1, X2... Xn.

Y=a +taX +aX +aX +..+aX

As the mathematical apparatus in QSAR is mainly used
multiple regression analysis, and the regression equation in the
form of a polynomial is most often used in practice [3]. The early
1970s are characterized by the development of pattern (object)
recognition theory (TRO). In this case, the prediction consists in
the assignment of an unstudied compound to one of two classes
of substances - active or inactive (highly active/lowly active).
The basis of the prediction technique is the regularities obtained
by TRO methods linking between the presence or absence of
activity and the structure of compounds represented in the form
of vector (matrix) of descriptors. The descriptor description of a
compound is substituted into the previously calculated dividing
function and the metric of new chemical structure belonging to
each of two classes is calculated.

Since the early 80s of the last century QSAR began to actively
use neural network modeling methodology actively. Currently,
the most popular are multilayer neural networks [4]. Simple
neural networks have certain limitations, which do not allow to
solve a number of important scientific and practical problems.
To overcome existing limitations the concept of self-organizing
networks was proposed. It allows to construct learning
algorithms for neural networks with search behavior, capable of
training complex hierarchical systems, operating on large time
intervals, maintaining homeostasis, etc. [5].

The history of computer modeling development reveals
a number of problems arising from the need to perceive and
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analyze large volumes of data generated by modern high-
performance computer complexes. Visualization is an essential
part of the computer modeling process, providing analysis and
proper interpretation of computational results, as well as further
work with the computational model. It was the emergence of
graphics processors and programs for visualizing chemical
structures in the early 90's that led to a leap in the field of 3D
molecular modeling [6].

The mid 90's are characterized by the development of methods
for 3D modeling of proteins. Currently, the main method for
modeling the spatial structure of pharmacologically important
target proteins is homology modeling [7]. It consists in the
prediction of the three-dimensional structure of a protein
molecule from the amino acid sequence using data on the spatial
structure of one or more experimentally studied homologues.
Molecular modeling and construction are used in the final stages
of the process of computer search for new drugs. This process
can be viewed as the creation of a new supramolecular system:
a "macromolecule-ligand" complex [8].

A rapidly developing and very fruitful approach to the
development of new substances with a certain biological
activity is 3D modeling of the target protein molecule with the
simultaneous selection of organic molecules that bind optimally
to it optimally, using molecular docking methods. Currently,
docking is the main tool for predicting the binding mode of a
biological macromolecule to a ligand, which allows finding the
most energetically favorable location of the ligand in the binding
site of the biological target [9]. Docking is very important in the
search and synthesis of new drugs.

It should be noted that out of more than 40 thousand proteins
of the human proteome only for about 2.5 thousand proteins
their functions have been established, among which only 518
pharmacologically relevant biotargets have been identified so
far [10], for 324 of which over 1.2 thousand drug substances
are known to act on them and are produced worldwide. These
targets comprise 75 subfamilies grouped into seven major
classes: G-protein coupled receptors, ion channels, nuclear
receptors, receptor kinases and proteases, enzymes, transporters/
translocators, and nucleic acids [11]. Various methods can be
used to qualitatively and quantitatively evaluate the action of
compounds at the stage of receptor-ligand complex formation,
but 3D-QSAR methods have gained popularity in recent years.
Among computational procedures in QSAR, methods of linear,
nonlinear, and nonparametric regression, TRO, methods of
similarity analysis and clustering, artificial neural networks,
statistical analysis methods, decision-making methods, logical
inference based on classical, inductive, probabilistic, fuzzy,
and other logics are used [12]. In fact, all 2D- and 3D-QSAR
methods are based on describing the structure of a chemical
compound using a set of numerical characteristics - descriptors
and constructing "correlations" between the property (activity)
value and descriptor values [13]. Empirical QSAR models allow
predicting the properties of new substances by the structural
formula, as well as the directed design of new compounds with
a given set of properties.

Currently, the use of in silico methods to search for new
drugs is a fairly common practice (DRUG Design 2019; Recent

104

Advances in QSAR 2019). Hundreds of QSAR and molecular
modeling programs have been developed around the world:
dozens of specialized scientific journals are published dedicated
to computer-based methods of searching for biologically
active substances: only two leading publishers issue publish 34
journals related to this topic. Thousands of articles have been
published to show the results of successful application of QSAR
methods in the search for new biologically active substances.

In particular, computer methods are widely used in the search
for compounds with antidiabetic activity [14].

For example, jointly used discriminant and regression analysis
to identify the relationship between hypoglycemic activity and
the molecular topology of antidiabetic drugs. This model has
been used to design new hypoglycemic agents.

The use of in silico methods to search for new drugs is a
common practice [15]. The power of the chemical-biological
universe (the space in which all biologically active substances
by their known types of activity are located) is very large, so it
is impossible to experimentally test all compounds for at least
one type of pharmacological activity.

The drug discovery process consists of several steps [16].

Finding a promising basic structure (base structure).

virtual screening and planning of experimental screening.

experimental screening and selection of several leader
compounds.

specification of pharmacodynamic and pharmacokinetic
characteristics of compounds-leaders by in silico methods in
order to select a compound for further in-depth study.

in-depth study of the leader compound.

in silico analysis of the possible mechanism of action of the
leader compound [17].

There are currently more than 101 million known organic
compounds in the world [18]. The known number of biological
activities exceeds 25 thousand, so global experimental testing of
all substances is impossible. Thus, the use of in silico methods
to search for drugs, in particular to pre-screen unpromising
compounds, is now generally accepted.

The main computational methods for searching quantitative
relations between the structure and biological activity of
chemical compounds (QSAR).

The parabolic Hansch model.

It is known that the logarithm of the distribution coefficient
in the octanol-water system is the main characteristic of the
lipophilicity of a molecule used in correlation equations. One of
Hench's ideas was that this value can be represented as the sum
of the values he introduced, which characterize the contribution
to the lipophilicity of individual atoms or fragments of the
structure. The parameter has negative values for hydrophilic
groups and positive values for hydrophobic groups. The
importance of this idea lies in the fact that, by summing up
certain experimental values for the structural fragments of
a given compound, we can obtain the calculated value of its
lipophilicity logP and, in some cases, estimate the biological
activity of substances prior to their synthesis.

Hansch's equation was first calculated in and in general form
is the following equation
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logE =a,+ar  +a,r+a0+a,Egs

where is the concentration of the substance that causes a
certain level of biological effect (e.g., EC50).

7T — Hanche's constant (lipophilicity).

o — Hammett's constant (electronic parameter).

E — Taft's constant (steric parameter)

ay, a;, a,, dy, d, —regression coefficients.

To date, Hanche's approach has been developed and is widely
used to search for correlations between biological activity,
lipophilicity, electronic and steric characteristics of compounds.

Multiple linear regression.

This approach allows us to determine the degree of variation
of the dependent variable by independent variables; to predict
the values of the dependent variable on the basis of the values
of independent variables; and to determine the contributions
of individual independent variables to the variation of the
dependent variable [19].

The general form of the regression equation is given by the
following ﬁormula:

Y=a,+ ZQ,X o

i=1

where Y — dependent variable.

X, - independent variables, i=1,..1 .

M - number of independent variables.

a, — free term of regression equation.

a; — regression coefficients in front of independent variables,
i=1,..1 .

In particular, the Hanche equation is a linear regression equation
with fixed variables. Linear structure-activity relationships can
include other variables, such as topological indices or quantum-
chemical parameters of molecules.

Free-Wilson's model.

This model assumes that the value of the property of this
substituent, which is in the base structure in this position is
always the same, regardless of which the compound is present
in question [20]. The values of the substituents are calculated
using multiple linear regression analysis. This requires only
information about the molecular structure and biological activity
of the compounds (physico-chemical parameters are not used).

When analyzing the data by the Free - Wilson method, a
linear equation is drawn up for each compound, the regression
coefficients are calculated by the smallest square method. An
important result is that with the help of calculated parameter
values, you can predict the activity of compounds formed by all
sorts of combinations and permutations of the initial substituents
in the main structure of this chemical series.

Linear discriminant analysis.

This method is one of the first approaches to the classification
of objects, proposed by R. Fisher in 1936. It is based on the
assumption that classes have a normal distribution; the
boundaries between classes can be approximated by linear
functions; the problem is reduced to estimating the parameters
of these functions. The independent variables (descriptors)
that should be related to the property in question are selected
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so as to provide the maximum possible separation of positive
and negative properties: activity and inactivity [21]. Then the
quality of separation is evaluated, and the results are analyzed.
General view of the system of discriminant functions:
g =ay tay X, +..ta,,Xy
gy=ay +tay X\ +...+a,,,Xy
rne gy, &, — discriminant functions, reflect the probability
density of the object belonging to class 1 or 2.
X, — the independent variables, i =1,...

a, ,4a, ,a;,a, — discriminant coefficients, [ =1,.../

When classifying a compound according to the values of
its chemical structure parameters, the values of discriminant
functions are calculated. If gl>g2, the compound is assigned
to class 1 (e.g., highly active); if gl<g2 - to class 2 (Franke M.,
1976).

Bayesian classifier.

This classifier is based on Bayes' rule for conditional [22].

Let {4, A, }- a complete group of events, consisting of the
fact that compound C belongs to class 1 (active compounds)
or class 2 (inactive compounds) with a priori probabilities
P(4)) and P(4,). Let Bi an event with probability P(B.)> 0,
which consists in the fact that the descriptor «i» is present in the
structure of connection C. Then the «a» posteriori probability
that compound C belongs to the class of active 4 provided
that the event B., is

P(Bi \Al)-P(Al)

" P(B,| 4)) P(4))+ P(B; | 4y)- P(4,)

P(4,|B,)

where P(B;|4;) — is the conditional probability of event
B, calculated under the assumption that the event occurred
A > k=12.
The classifier is based on two assumptions:
1) the descriptors in the training sample compounds are
equally important.
2) the descriptors are independent of each other.
Prior to the start of the classification P(4)) = P(4,)=0.5 .
With this in mind, if a connection C contains L descriptors,
then the total probability of its belonging to the class of
active connections 4, is determined by the multiplication of
conditional probabilities.
L
,HIP(Bi I 4)
P(Ced))= 7 ! 7
iHIP(Bi \A1)+iH1P(Bl~ [45)

Bayesian method is used in PASS activity prediction (Merz,
K.M., 2015).

Artificial neural networks.

Artificial neural networks are mathematical models, as well
as their software or hardware implementations, built on the
principle of organization and functioning of biological neural
networks, that is, networks of nerve cells of a living organism
[23]. General architecture of the neural network includes input
neurons (whose responses are usually independent variables Xi),
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several layers of hidden neurons (number of layers and number
of hidden neurons in each layer are determined in the process
of iterative learning) and output neuron (usually a common
response function Y - for example, activity level) (Figure 1).

input layer

hidden layer 1

hidden layer 2 output layer

Figure 1. An example of a three-layer artificial neural network
architecture.

The essence of the method is to iteratively determine weights
which connect output neuron's response with signals from
hidden neurons, and responses from hidden neurons - with
signals from hidden neurons of previous level or from input
neurons. Kind of function Y=f{(X) can be any, but most often we
use linear form of dependence, because of easy implementation
of learning algorithm. Initially the values of all weights are
set equal. At each step of iteration increase or decrease the
value of each weight and conduct classification of training
and test samples. If a change in a particular weight improves
the classification, it is rewarded, and if it worsens results, it is
penalized. The procedure is repeated until minimum error is
achieved in predicting test sample objects.

Artificial neural network is one of the most promising
developing methods, which has the following advantages:

multilayer neural networks allow you to build any dependencies
- linear, nonlinear, discrete, mixed.

the method does not impose strict restrictions on the
quantitative composition of the sample.

As an illustration of successful application of neural networks
for the search of biologically active substances a review can be
given.

Support vector machine, SVM.

The Support Vector Machine (SVM) method is based on the
transformation of raw data using so-called kernel functions
[24]. The kernel function is chosen so that the classes of objects
in the transformed data space are linearly separable. The search
for the optimal dividing line is performed by constructing two
parallel hyperplanes on both sides of the hyperplane separating
the classes in question. The optimal dividing hyperplane is the
one for which the distance to the two parallel hyperplanes is
maximal. The error is minimized by using an iterative learning
algorithm. An example of using SVM for biological activity
prediction is a study.

106

Comparative molecular field analysis.

One of the most well-known methods of 3D-QSAR is
Comparative Molecular Field Analysis (CoMFA- Comparative
Molecular Field Analysis). CoMFA allows to calculate
relationships between three-dimensional structure of molecules
and their biological activity [25].

The essence of the method is as follows. 3D models are
constructed and optimized for all compounds of the training
sample. For each molecular model, the center of a molecule is
determined (or a common basic structure is used). All models
of the training sample are aligned with each other by this center
(common structure), minimizing the sum of squares of atomic
deviations. Around the resulting overlay, a parallelepiped is
formed, inside which all the matched molecules are located.
This parallelepiped is divided into cells of constant size (usually
2x2x2 A). Each molecule placed inside such a lattice determines
the parameter values of all lattice cells. As a rule, these are
electronic, steric, and lipophilic increments in the total index
of the properties of a given compound. The parameters of all
cells are used as independent variables in a stepwise multiple
regression analysis, by which the final QSAR equation is
calculated. An example of the use of CoMFA is given in.

Conclusions.

Based on the above data, it is clear that the rational approaches
used for any paradigm of creating new antidiabetic drugs can be
divided onto two categories - the search for new targets of action
and exploration of their ligands or their analogues. This points to
the applicability of molecular studies to analyze receptor-drug
interactions, studying the pharmacokinetic features of potential
antidiabetic drugs. Target identification and structural analysis
are expected to facilitate the search for new drugs.

Thus, a directed search among new compounds with high
pharmacotherapeutic activity, including the use of in silico
methods, is very relevant and in demand. This research will
make it possible to identify an innovative compound substance
based on which a highly effective competitive drug for the
treatment of a certain disease will be created.

The above data testify to the importance of in silico methods for
successful search of new pharmacologically active substances.
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PA3PABOTKA JIEKAPCTB METO/JIOM IN SILICO

Jlenckast K.B?, Bararypus I.O®, Byitnos JLI* JleGezes
AA3,

I'prue B.B®7, ITpomwns C.H*

'Canxr-IleTepOyprckuii roCyapCTBEHHSBIN YHUBEPCUTET,
Poccns.

’Caukr-IlerepOyprckuif  roCyapCTBEHHBIH  XUMHKO-
dapManeBTHYeCKUl, yHUBepcHUTeT, Poccu.
3Canxkr-IlerepGyprexuii rOCyJapCTBeHHBIN

neguaTpUIeCKUH MeIUIIMHCKUH, yHUBepcuTeT, Poccus.

“Poccuiickuit TOCyAApCTBEHHBIN TmegarorudeCcKui
yuusepcuretr uM. A.W. I'epuena, Cauxr-Ilerepbypr, Poccus.

*MHCTUTYT OSKCIepuMeHTanbHONM Meguiuusl, CaHKT-
ITerep6ypr, Poccus.

*HarroHaIBHBLIT rOCyJapCTBEHHBIN YHUBEPCUTET
GbusmuecKoil KyapTypsl, CIOpTa XU 370poBbs umeHu II. .
Jlecradra, Canxr-Iletep6ypr, Poccus.

’Hay4HO-MCCIeOBATENBCKUM HHCTUTYT CTOMAaTOJOTHUU
u YIX IICIIBITMY um. WM.II. IlaBnoBa, Cauxr-Ilerep6ypr,
Poccus.

Pesiome

108

MHoroneHTpOBbIe HCCIeL0BAHU TOCIESHETO AeCATUIETHA
MOATBEPAUIN HENOCPeACTBEHHYIO B3aUMOCBI3b MEXIY
TIPOCTPAaHCTBEHHBIM CTPOEHNEM JIEKAPCTBEHHbIX COeTUHEeHU I
U UX GHOJIOTUYECKOM aKTUBHOCTHIO.

Llens. AXTyaJbHOCTH JAaHHOM TEeMaTHKH, C OJHOH
CTOPOHBI, OOBACHAETCA OBICTPBIM Ppa3sBUTHEM HOBBIX
TeXHOJIOTHH, C IPyroi — GOJIBIIMM KOJIMYECTBOM HAy4HO-
HCCIeZOBAaTeIbCKUX  PaboT, IOCBAIIEHHBIX  H3YYEHHIO
BIIUSHUS CTePEOU30MepPHbIX (HAaKTOPOB Ha TepameBTHUIECKOe
JeticTBue U mobouHbIe 9 (PeKTHI IeKapCTBEHHBIX BElleCTB.

MertogprI. Ilocnemuue IeCATUIeTUS TIPUMEHAIOTCA
BBIUMCIUTENbHBIE  IIOJXOMbI,  IIO3BOJIAIONIVE  BBIABUTH
CBf3b MEXIy OHOJOTMYeCKHMMH CBOHCTBAMH BEUIECTB WU
HUX CTPYKTYpO#l M KOJMYECTBEHHO OIIMCATh 3Ty CBA3b. B
COBpEMEHHOM XUMHUHK JIEKapCTB ILIMPOKO IIPUMEHSeTCs
HanpasneHume - «Quantitative Structure -  Activity
Relationships» (QSAR). B coueranum ¢ Merozamu
MOJIEKYJLIPHOTO MOJI€THPOBAaHNA 3TO HAIIpaBJIeHHe IOy IIIIO
obuee HasBaHuWe MeTOZOB in silico, uro mompasymeBaer
TIpeBapUTENbHbII ITOUCK JIEKAPCTB TOIHKO KOMIIBIOTEPHBIM
c110coboM, IO IPOBeeHN I SKCIIEPUMEHTATHOI0 CKDUHUHTA.
PesynsraTer. B mupe paspaboransr corHu mporpamm QSAR
U MOJEKYJIIPHOTO MOJeJIMPOBAHUA: H3JAIOTCA [EeCATKU
CHeIMaIN3UPOBAHHBIX HAYYHBIX JXXYPHAJIOB, IIOCBAIIEHHBIX
KOMIIBIOTEPHBIM MeTozaM TIOMCKA GuoIoruYecKu
aKTUBHBIX BemecTB. OIyGIMKOBaHBI THICAYU CTaTeH,
JIeMOHCTPUPYIOIIUX Pe3yJIbTaThl YCIIEIIHOTO IPUMEHEHUS
metoz0B QSAR B momckKe HOBBIX OMOJIOTHYECKH aKTUBHBIX
BellleCcTB. B HacTosimee BpeMs B Mupe u3BeCTHO Ooiee
101 munninoHa OpraHMYeCKUX COeJLMHEHUI, a HM3BECTHOE
KOJIMYEeCTBO OMOJIOTUYECKUX aKTHUBHOCTEIl IIpeBbIIIAeT
25 THICAY, TIOITOMY TIJIOOATBHOE SKCIePUMEHTATbHOe
TECTUPOBaHUe BCeX BEI[eCTB HEBO3MOXKHO.

BrrBozpr. Takum 06pasom, UCIIOIB30BaHME METOZOB in silico
JJIs TIOMCKA JIEKApCTB, B YaCTHOCTH, AJIS IIPeBapUTEIHHOTO
oT6opa  GecIepCIeKTHUBHBIX  COeAUHEHUN  SIBIeTCH
CBepPXaKTyaJIbHBIM.

Kniouesste cioBa. In silico meromsi, «CpaBHuTenpHas
CTPYKTypa — B3aUMOCBS3b aKTUBHOCTH», CTE€PEOMEeTPUYIECKHe
(baxTOPpEL.
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