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AHai3 JaHuX CBIIYHTH, IO JOCTIKyBaHa croiiyka 2-(5,7-6ic-etnnamino-[1,2,
4]rpuazono[4,3-a][1,3,5]tpuaszun-3-incynbbanin)-1-n-ronin-nponan-1-on MOXKE
OyTH OCHOBOIO JIJII CTBOPEHHSI HOBUX MOTCHIIIHHUX MPOTUBIPYCHUX CYOCTAHIN JIs
nikyBanHs xsopoou COVID-19, cnpuunnenoi Bipycom SARS-CoV-2.

Astopu Basuni Dr.Candida Manelfi (Computational Chemist - R&D Platforms
& Services) 3a 101OMOTY Y IPOBEACHHI MOJIEKYJISIPHOTO JIOKIHTY.
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MAIN STRATEGIES NEW MEDICINES RESEARCH AND CREATION

HaBeneHo OCHOBHI METOJM 1 IUISXHU MOIIYKY Ta KOHCTPYIOBAaHHSI HOBUX JIIKapCh-
KUX 3aC00IB 13 BUKOPUCTAHHSM Cy4aCHUX KOMIT IOTEPHUX TEXHOJIOT1H. Po3risinyro me-
TOJT BIPTYaJIbHOTO CKPHHIHTY Ta OCHOBHI CTajii CTBOPEHHS JIKApChKUX MpenapaTiBs:
MOLIYK 1 KOHCTPYIOBaHHS CHOJYK-JIIAEPIB; oNTUMI3alisl 0a30BOi CIIOIYKH Ta po3poOKa
JKapChKOTo 3ac00Yy.
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Knrouoei cnoea: nikapcoki 3ac00M ,CKpUHIHT, CIIOyKa-JIiep, AU3aiH JIIKIB.

HpI/IBeI[eHBI OCHOBHBIC MCTOJBI, ITYTH IIOMCKAa U KOHCTPYUPOBAHUS HOBBIX JICKApP-
CTBCHHBIX CPCACTB C HCIIOJIb30BAHHEM COBPCMCHHBIX KOMIIBIOTCPHBIX TEXHOJIOTHH.
PaCCMOTpeH MCTOA BHUPTYAJIBHOI'O CKpWMHHUHI'A U OCHOBHBLIC CTaUN CO3AaHUA JICKApP-
CTBEHHBIX IIPENAapaToB: MOUCK U KOHCTPYUPOBAHUE COCAUHEHUN-IUICPOB; ONITUMHU3a-
11st 6a30BOTO COSMHEHUS U pa3pab0TKa JIEKapCTBEHHOTO CPECTRA.

Knroueewvie cnosa: JICKAPCTBCHHBLIC CPCIACTBA, CKPUHUHI, COCANMHCHUC-JINACD, AU-
3alH JICKApPCTB.

The article presents the main methods and approaches to finding and designing
new drugs using modern computer technology. A method of virtual screening and the
main stages of creating drugs are described, which include the search and develop-
ment of lead compounds; base compound optimization, and drug development.

Keywords: drugs, screening, lead compound, drug design.

In recent years, the pharmaceutical industry has suffered from a shortage of new
drugs that would meet the high requirements of efficacy and safety. One of the most
Important reasons for reducing the number of developments in this area is high thera-
peutic standards for drugs (efficacy, safety, minimal side effects, selectivity, suffi-
cient duration of exposure) [1]. The most striking example of the importance of de-
veloping fundamentally new drugs is the creation of insulin drugs, thanks to which
patients with diabetes live for decades, whereas before the invention, the life expec-
tancy of such patients was about one year. That is why the research and creation of
innovative drugs is one of the main tasks of the pharmaceutical industry.

In the historical aspect, the creation of medicines was supported by various
sources and methods. Since ancient times, raw natural plant-based and animal-based
materials were the sources for the manufacture of medicines. For example, the bark of
the quince tree was an effective remedy for malaria, and the liver of the bull was used
for eye diseases. In the Middle Ages, the idea to use various empirically obtained
chemicals emerged to treat certain diseases. Later, starting from the XI1X century a suc-
cessful study and synthesis of active substances with medicinal properties began, ena-
bled by the development of chemical analysis methods. Those substances included
quinine and morphine, which by the end of the XIX century began to be synthesized on
an industrial scale. During the twentieth century, hypnotics (barbiturates), sulfamides -
the first effective antibacterial drugs, antibiotics (penicillins), psychotropic drugs -
were actively synthesized. It should be noted that at this stage, the search and creation
of drugs were usually carried out by trial and error, and the accidental discovery could
revolutionize science. For example, O. Fleming could have simply thrown out the
spoiled bacterial culture and not isolate a substance now known as penicillin out of it,
and L. Sternbach could have not noticed the crystals of chlordiazepoxide, which are
now used as tranquilizers [1].

The latest methods of drug design and development, which are currently used by
all well-known pharmaceutical companies, stand out thanks to the scientific approach
known as "rational drug design" (drug design). It is a process of new drug research
and discovery, based on the knowledge of the structure of the target molecule that in-
teracts with the drug [2]. Usually, the drug contains organic molecules that activate or
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inhibit the function of the biomolecule, such as protein, resulting in a pharmacothera-
peutic effect beneficial to the patient. Since the XXI century, the purpose of research
and design of drugs is to create a molecule of future medicine, which would be com-
plementary in a form and function to the biomolecules of the human body and form a
complex with the biological structures of the body [3].

Nowadays, virtual screening is the most widely used method to look for poten-
tial biologically active compounds. It is a set of approaches and tools for selecting
and screening the substances within virtual libraries using various theories, algo-
rithms, filters, etc., and, as a rule, appropriate software [4]. Usually, such screening is
carried out on robotic installations that work around the clock. The principle of op-
eration of this technique is quite simple: the robot makes the test substances (or mix-
tures) in the test tubes containing a test system (immobilized target, modified indi-
vidual cells) according to a given program. Then, following a certain analytical signal
(fluorescence, bioluminescence, polarization, radioactive signal, etc.), a test tube with
a biologically active sample is selected. However, this screening requires large finan-
cial costs, and there is a high probability that the giant libraries will not have the nec-
essary chemical structure with a maximum affinity for a particular target [5].

In addition, the strategy of finding and constructing lead-compounds or base
compounds as a structural prototype of the future drug depends on a number of initial
data, such as the structure of the target in the body (receptor, enzyme, membrane
transport, nucleic acids), as well as the structure of the ligand - a compound that inter-
acts with the target. The target itself is a biological macromolecule, which is associated
with a certain function of the organism, the violation of which leads to the disease [6].

The traditional source of lead structures is natural substances (plant products and
microorganisms). The basic compound can be found by chance, such as penicillin, or
due to systematic or virtual screening, which is achieved by the following methods:
1) the research of large the number of compounds made in one biological test; 2) the
study of several compounds with the original structure in many biological tests. An
example of a lead compound found through systematic screening of natural com-
pounds is taxol - an effective antitumor agent [7].

The second stage of drug design is its optimization, which consists in creating a
structural modification of the base compound in order to increase its activity, reduce
toxicity and improve selectivity. Approaches used at this stage of drug development
include changes in the structure of molecules that lead to better interaction between
the molecule and the target in the body, such as an enzyme or receptor.

As a rule, chemists synthesize structural analogs of the lead compound and test
them to determine certain physiological activity. The main problem at this stage is the
existence of a large number of possible analogs, so in this case, a rational approach
should be applied, that defines which analogs should be synthesized [7]. At this stage,
you can use computer simulation (docking), which allows understanding the influence of
the spatial arrangement of chemical groups of the leader compound on the efficiency of
their binding to the target compound, which makes the synthesis of analog compounds
more productive.

In addition to computer modeling, the QSAR (Quantitative Structure-Activity
Relationships) methodology is now used as a mathematical apparatus to identify the
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relationship between the pharmacological action of a compound and its physicochem-
ical properties, which mathematically describes these characteristics. The use of this
method is appropriate when docking is impossible due to the lack of information
about the structure of the target. The main problem of QSAR is to choose (preferably
a minimum) set of descriptors (number or mathematical parameter) that characterizes
the most important manifestations of the structure of an organic compound), suffi-
cient to describe a given property [8].

One of the examples of successful application of rational approaches in the sec-
ond stage is the development of viracept - an anti-AIDS drug, which became possible
after receiving information about the structure of the enzyme complex with the ligand,
which is the complex that facilitates the immunodeficiency virus development [6].

The final stage of new drug development is research aimed at improving the phar-
maceutical and pharmacokinetic properties of the optimized leader in terms of its suita-
bility for clinical use, such as increasing its solubility in water, chemical stability, and
more. All this may require alterations in structural modification and even the synthesis of
new structures, which is possible through the following approaches: 1) synthesis of bi-
oisostere compounds, which reduces the toxicity of the active compound, increases its
resistance to enzymatic systems, increases solubility, etc .; 2) the creation of prodrugs,
when not that active compound transforms into an active form in the body due to an en-
zymatic or chemical reaction; 3) the creation of "soft drugs", which have a pharmacolog-
ical effect only in certain areas, and their distribution in areas leads to rapid destruction
or inactivation, 4) the creation of twin drugs - physiologically active compounds contain-
ing two pharmacophore groups connected covalently into one molecule [2].

Thus, the modern technology of drug development is a rather complex multi-
stage process and is divided into the following stages: a search and design of lead
compounds (basic compounds), their optimization (creation of candidates for the fu-
ture drugs), and the actual development of the drug. The process is based on the latest
advances in molecular biology, computer modeling, combinatorial chemistry, and
screening methods (virtual, systematic, etc.).
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Hayionanvnuii neoacociunuti ynieepcumem imeni M.11. /[pacomanosa

KAJBIIN SAK EJEMEHT KUBJIEHHSI POCJIMH TA HOI'O KIJIBKICHE
BU3HAYEHHA B HUX

B crarti npoananizoBaHo poibs Kalblito B pOCIMHHUX OpraHi3Max Ta OCHOBHI
HUISIXU HOT0o HaaxokeHHs. JlocmikeHo KulbKicHuM BMicT Kanbilito B AesSKUX poc-
JUHHUX OpPTraHi3Max B YMOBAX HaBYaJIbHOI JJaOOpaTOpIi.

Knwuosi cnosa. Kanbiiil sk eneMeHT XUBJICHHS pocivH, (yHkuii Kanbiiio,
BMICT Kanbliito B pOCIMHHHUX OpraHizMax, KUIbKICHE BU3HaUYeHHs Kabliito, KOMIUIEKCO-
HOMETPHUYHE TUTPYBAHHSL.

B craTtee npoananusupoBana poib Kanblys B pacTUTEIBHBIX OPraHU3Max U OC-
HOBHBIE ITyTH €ro MOCTyIUIeHHs. VcciaenoBaHo KOJIMYECTBEHHOE coepxkanue Kanb-
LM B HEKOTOPBIX PACTUTENBLHBIX OPraHu3Max B YCIOBUSAX Y4eOHOM TabopaTopuu.

Kniouegvle cnosa: Kanbiuii Kak 3JIeMEHT NUTAHUS pacTeHuil, pyHkiuu Kanb-
uus, coaepxanue Kanblus B paCTUTEIBHBIX OpraHu3Max, KOJUYeCTBEHHOE OIpee-
JIEHUE KaJbLUsl, KOMIJIEKCOHOMETPUUYECKOE TUTPOBAHME.

The article analyzes the role of calcium in plant organisms and the main ways of
its receipt. The quantitative content of Calcium in some plant organisms in the
training laboratory was studied.

Keywords: Calcium as a plant nutrient, Calcium functions, Calcium content in
plant organisms, quantitative determination of Calcium, complexometric titration.

Kanbiiit — xiMiuHu# €JIeMEeHT, KUl 6epe ydacTh Maibke y BCIX (DYHKIISIX OpraHis-
MiB pociiuH. Bmict Kanblito B pocimHax ckianae 6mau3bko 0,2%, a B crapomy JIUCTI — J0
1% cyxoi macu. IIpu upomy posnoain Kanbiiito y KINITHHAX POCIMHHUX OPraHi3MiB J0-
CUTb HEPIBHOMIDHMIA: B LIUTOIUIA3Mi HOro KOHLIEHTpaLlisl Jy:xe Mana i ckaagae 10°%-107
MOJIB/JI, aJle B XJIOPOIIacTaX, MITOXOH/IPISIX Ta €HAOMIa3MaTUYHOMY PETUKYIIyMI JIOPiB-
mroe 10%-107 moib/11, a B BakyoIIsX i KIITUHHUX CTIHKaX Moske gocsraty 102 Mob/iL.

VY kopenesiii cuctemi Kanbliliro MiCTUTBCA OUTbIIE, aHIK B Oy/Ib-AK1 1HIIN Yac-
THUHI POCIMHHOTO opraHi3my. [Ipu cTapiHHI KIITHH YU 3HMKEHHI iX (1310JI0T14YHOT aK-
TUBHOCTI KambIliii 13 IUTOTUIa3MU MEPEMINIYETHCS Y BAKYOJIIO 1 BIIKIATa€ThCS Y BU-
U1l HEPO3YMHHUX OKCAJIaTiB, IUTPATIB Ta 1HIIMX coei [1].

Kasnpiiit BukoHye BaxuBi ¢i31070r0-610XiMIuH1 (YHKITIT B POCTMHHUX OpraHi-
3Max: PeryJisiis KUCJIOTHUX BJIACTUBOCTEH MPOTOILJIA3MHU, BIUTMB HA CTPYKTYPY MEM-
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