OPINION

DRUG REPOSITIONING: LESSONS FROM THE COVID-19 PANDEMIC
Poroikov WV B9
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We overview the possibilities and limitations of drug repositioning in the context of the COVID-19 pandemic and ways to reduce the new biogenic threats in the
future. Drug repositioning — identifying new indications for approved drugs — is a natural prompt response to SARS-CoV-2 / COVID-19 viral infection. The current
state of the research and development of drugs for the therapy of COVID-19 using in silico and in vitro methods is considered. In conclusion, it is noted that
nowadays, the creation of innovative medicines, despite the success of translational science, takes a lot of time. Therefore, in order to select the most promising
pharmaceutical agents, it is essential to integrate and analyze entire available information obtained using in silico, in vitro and in vivo methods.
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PENO3NLUNOHNPOBAHUE JIEKAPCTB: YPOKW NAHOEMWN COVID-19

B. B. Mopoiikos =
VIHCTUTYT BromeamumHekon xummnmn M. B. H. OpexoBuda, Mocksa, Poccus

B cTatbe 06cyxaatoTCs BO3MOXKHOCTU 1 OrPaHNYEHNST PEMO3ULIMOHNPOBAHNS NeKapcTB B ycnosusax nangemun COVID-19 1 nyTn AN CHWKEHWSt ONacHOCTM
HOBbIX BMOreHHbIX yrpo3 B OyaylleM. PenosuUMOHMpOBaHNE NeKapcTB — BbISBEHVE HOBbIX MOKasaHWUin y paspeLeHHbIX K MEAVLHCKOMY MPYMEHEHWIO
NEeKapPCTBEHHbIX MPenapaToB — SBMSETCH eCTECTBEHHbIM OnepaTUBHbLIM OTBETOM Ha BUPYCHYHO MHdekumio SARS-CoV-2/COVID-19. PaccMoTpeHo coBpemeHHoe
COCTOSHHME MOoVCKa 1 Pa3pabOoTKu NlekapCTBEHHbIX NpenapaToB Ans Tepanun COVID-19 ¢ npumeHeHveM in silico v in vitro MeTofoB. B 3akntodeHne oTmedaeTcs,
YTO B COBPEMEHHbIX YCMOBUSX CO3aHNE UHHOBALWIOHHbBIX JIEKAPCTBEHHBIX CPEACTB, HECMOTPSA Ha YCrexyi TPaHCIALMOHHON MeAVLMHDI, 3aH/MaeT AOCTaTO4HO
MHOro BpemeHu. B cuny atoro ans otéopa Havbonee nepcrexkT1BHbIX NpenapaTtoB KpariHe HeobxoaymMa UHTerpaLyms 1 aHanma Beei JOCTYNHON MHdopmMaLmm,
MOMYHYEHHOM C MPVMEHEHVEM BCEX BblLLIE 0603HAYEHHbBIX METOLOB.

KnioueBble cnoBa: SARS-CoV-2, COVID-19, dapmakonormieckne MuLLeHW, PernosuLMOHNPOBaHE NEKapCTB, BUPTYaslbHbIA CKPUHWUHE, MOSEKYISpHOe
MOZENMPOBaHVe, MalLMHHOE 0By4eHne, UccnenoBaHns in vitro
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Drug repositioning is the identification of the new indications for
drugs approved for medical use. The availability of information
on the pharmacological and toxicological characteristics of a
known drug enables its swift adoption in a new nosology [1].
The need for a rapid response to the COVID-19 pandemic
has given the impetus to a large-scale research into the
associated opportunities. A Google search for “COVID-19 AND
drug repurposing” returns over six million results. Remdesivir,
Favipiravir and Umifenovir (Arbidol) were originally designed
for other indications and later repositioned to treat the SARS-
CoV-2 infection. Same is true about Triazavirin, Nobasit,
Nafamostat and a few other drugs that currently are subjects
of clinical trials involving COVID-19 patients.

The search for the new pharmacological effects that
known drugs may have involves in silico and in vitro studies.
Computer-aided investigations rely on models of interaction of
the analyzed compounds with molecular targets, identification
of analogs based on the structural similarity, analysis of the
“structure-activity” relationships using machine learning, and
establishing associations by the network pharmacology [2]. The

in silico approach can be applied to virtual (not yet synthesized)
molecules providing the initial set of “hits”. Next, the predictions
delivered by such computer-aided investigations are validated
in the in vitro experiments. The in vitro determination of
anticoronavirus potency relies on biochemical and cellular
assays [3, 4]. Preliminary selection (virtual screening) of
the potentially active compounds that is based on the data
obtained through in silico investigations significantly increases
the chances of success [5].

A number of large-scale experimental studies aimed
to screen in vitro 1,400 to 12,000 drugs against one or
several targets; the efforts yielded shortlists of candidates
for repositioning. In many cases, different test systems gave
different results for the same drug [3,4,6]. The reasons behind
this inconsistence are lack of generally accepted reference
drugs and absence of unifying standards for assays, which are
developed independently by different researchers.

As noted by the authors of a recent analytical review
published in the Chemical Society Reviews that looked into
the computational approaches employed for COVID-19 drug
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discovery: «... truly impactful computational tools must deliver
actionable, experimentally testable hypotheses enabling
the discovery of novel drugs and drug combinations, and
that open science and rapid sharing of research results are
critical to accelerate the development of novel, much needed
therapeutics for COVID-19» [2].

In conclusion, it should be noted that current conditions
make drug repositioning especially relevant. The reason
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