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PE3IOME

AxtyanbHocts. Tlouck 3(MeKTUBHLIX 1 6e30MacHbIX (hapMakonornyeckux noaxonos K neveHnto COVID-19 cyliecTBeHHO 3aTpyaHeH
B pPamMKax Tak Ha3bIBaeMOro PaunoHabHOr0 A13aiiHa nekapcts. [03ToMy NepcnekTUBHO NepenpounnpoBaHmne NEKapCTBEHHbIX Npenaparos,
3aperncTpupoBaHHbIX B aHATOMO-TEPANeBTUHECKO-XUMNYECKO Knaccudukaumn nekapcts (ATX).

Marepunan n merogsl. lNepenpodunuposarne okono 2700 npenapatoB u3 ATX MpoBOAWIOCL METOAOM XEMOPEAKTOMHOIO CKPWUHUHIA,
MOAENNPYIOLLEro pesynbTaTbl MHIMOMPOBAHUA POCTA BUPYCOB B KYNbTYPe KNETOK, BO3LENCTBUS NPENapaToB Ha BUPOM Ye/0BEKa W OLEHKM
X N0604HbIX 3pekToB. IHopMALNOHHASA TEXHONIOMUA XeMOPEaKTOMHOM0 aHann3a 0CHOBaHa Ha TOMOJIOrMYECKOM Teopum pacno3HaBaHms,
passuBaeMon B UHCTUTYTE hapmakouMHopmaTuku npu defepanbHOM UCCeLoBaTeNbCKOM LeHTpe «Hdopmatika u ynpasrieHue»
Poccuinckon akagemmin Hayk.

Pesynbrarel. YcTaHOBNEHbI 62 npenapata 1 20 MUKPOHYTPUEHTOB, KOTOPbIE XapaKTEPU3YHOTCS BbIPXKEHHLIM NPOTUBOBUPYCHBLIM LeACTBIEM
B COYETaHUM C MUHWMANIbHBIMW MOBOYHbIMK dhdhekTammn. ConocTaBneHne MOSTy4eHHbIX Pe3ynbTaToB C [aHHbIMU (DYHLAMEHTANIbHbIX
1 KIUHWYECKUX MCCNEA0BaHNIA NoKasano, 4To Ans 31 u3 62 npenapatoB UMEKTCA HEe3aBUCUMbIE MOATBEPXAEHNA LIeN1eco06pas3HOCTI UX
1cnonb3oBanms ans nedequns COVID-19. YcTaHoBNEHHbIE NpenapaTbl ABASIOTCH MHTMOUTOPAMI KOPOHABUPYCHbIX 6EMKOB /W MOMEKynaMu-
afanToreHamu, ynyylwawwmumMm (HOYHKUNOHUPOBAHWE KETOK B YCMOBWAX CTpecca npu BUPYCHOW WHGeKunn. Cpeam KU3yHeHHbIX
«QHTUKOPOHABMPYCHbIX» MUKPOHYTPUEHTOB HaUy4LIMM Npoduiem 6e30nacHOCTH, B T.4. MUHUMANTbHBIM BO3[EACTBMEM HA BUPOM 3[0POBbIX
nofen, 06naaan rnoKo3aMinHa cynbaar.

3aknoyenne. NepenpodunmpoBanne NeKapCTBEHHbIX MPenapaTos, 3aperncTpupoBaHHbIX B ATX, MOXET CYLLECTBEHHO YCKOPUTb HAX0XKAEHE
6onee adhekTMBHLIX U 6e30nacHbIX Noaxofos K apmakotepanuu COVID-19. MepcnekTUBHO NpUMEHeHWe psifa MUKPOHYTPUEHTOB
B MporpamMmax A0iroBpeMeHHoN NpogunakTUKm KOPOHABUPYCHOM UHAEKLIMM, OCOBEHHO Y NMOXWUIIbIX.

KIHOYEBBIE CJTI0BA

COVID-19, CKPMHMHI 1 peno3uuMOHNPOBAHNE NEKAPCTB, BUPOM YENO0BEKA, MUKPOHYTPUEHTBI, FHOKO3aMMHA CyNbdaT, WCKYCCTBEHHbIA
VIHTENNEKT, TONOM0rM4ecKas Teopus aHanusa gaHHbIX.

Cratba noctynuna: 23.12.2020 r.; B gopabotanHom suge: 19.05.2021 r.; npunaTa K nevaru: 27.05.2021 r.

KoHdhnukT uHTepecos
ABTOpbI 329BNAI0T 06 OTCYTCTBUM HEOOXOAMMOCTM PACKPbITUS KOHCDIIMKTA MHTEPECOB B OTHOLLIEHWUW JAHHOMN My6nuKaLmum.

duHaHcHpoBaHue
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SUMMARY

Background. So-called rational drug design is suboptimal when it comes to finding effective and safe drug-based treatment for COVID-19.
Another approach seems promising: to reprofile the pharmaceuticals registered in the Anatomical, Therapeutic, and Chemical Classifier (ATC).

Material and methods. Chemoreactome screening, a method that simulates the results of inhibiting viral growth in a cell culture, models the
effects of pharmaceuticals on the human virome, and estimates the adverse effects of medicines, was used to reprofile about 2700
pharmaceuticals from the ATC. The information technology behind chemoreactome analysis is based on the topological recognition theory
advanced by the Institute of Pharmaceutical Informatics, Federal Research Center for Informatics and Control, Russian Academy of Sciences.

Results. Sixty two pharmaceuticals and 20 micronutrients were found to have a pronounced antiviral effect with minimal side effects.
Comparison against data of basic research and clinical trials showed 31 out of 62 pharmaceuticals to have been independently confirmed
usable in COVID-19 treatment. These inhibit coronaviral proteins and/or function as adaptogenic molecules that improve the functioning of
cells exposed to viral stress. Glucosamine sulfate was found to have the best safety profile and minimum effects on the healthy human virome
out of all the tested anticoronaviral micronutrients.

Conclusions. Reprofiling of pharmaceuticals registered in the ATC could significantly speed up the search for more effective and safer drug-
based COVID-19 treatments. Several micronutrients show promise for long-term coronavirus prevention, especially in the elderly.

KEYWORDS
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OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

OCHOBHbIE MOMEHTbI

Y710 yxe u3BecTHO 06 3Toil TEME?

» lMouck adpchekTuBHOM 1 6esonacHoit hapmakotepanuu COVID-19
CYLLECTBEHHO 3aTPYAHEH B CTaHAAPTHOM MOAX0AE K An3aiiHy NpenapaTos:
ThICAYN Y)KE NMEIOLLMXCA NPenapaToB He ObiNN paHee CMCTEMATUHECKN
CCNE0BaHbI Ha NPOTUBOBUPYCHbIE 3P AEKTHI

> [NepenpohunnpoBaHne  NIEKAPCTBEHHbIX — Mpenaparos,  3aperucTpu-
pOBaHHbLIX B aHATOMO-TEpPaneBTUYECKO-XMMUYeckon (ATX) Knaccu-
(bukaumm  NeKapcTB,  CYLIECTBEHHO  YCKOPSET  HaxXOXAeHue
VHHOBALIMOHHbIX NOAX00B K chapmakoTepanun COVID-19

» OcHOBOM (hakTM4ecKoro nepenpodunMpoBaHNS NIEKApCTB ABMAKOTCS
3(DEKTVNBHBIE TEXHONOrMN CKPUHWUHTA in Silico

Y10 HOBOrO faeT CTaThsA?

P> XeMOpeakTOMHbI CKpUHUHE oKono 2700 npenapatoB 13 ATX no3Bosnun
BbIBUTb 62 npenapata U 20 MWKPOHYTPUEHTOB C  BbIPAXEHHBIM
MPOTUBOBUPYCHBIM AECTBUEM 11 MUHUMATBHBIMU NO604YHBIMY 3 dhEKTaMM

» [Ins 31 n3 62 npenaparos HainfeHbl 3KCNEPUMEHTANbHbIE NOATBEPXAEHNS
11eneco06pasHoCTN X Ucnonb3oBaHus ans nevenns COVID-19

» Cpea  «@HTMKOPOHABMPYCHbIX»  MUKPOHYTPUEHTOB  HawmyyLLInAM
npocunem 6e30MacHOCTY 06/1afaeT roKo3aMuHa cynbgar

Kak aTo MoXeT NoBnUATL Ha KNMHUYECKYHO NPaKTUKY B 0603pumom byayuiem?

» Cnegyer wu3beraTb HEMPaBOMOYHOW OTMEHbl HA3HAYeHHOW [OMro-
BPEMEHHOI hapmakoTepanuu 6e3 y4eTa pPe3ynbTaToB HACTOALLEro
cKpuHuHra: 500 u3 2700 3aperncTpupoBaHHbIX MPenapaToB MHMEUPYOT
SARS-CoV-2

P> PAL  MUKDPOHYTPMEHTOB  (6€Ta-KapoTWH,  PEeTUHON,  TOKOepon,
7-rAPOKCUMATaNPE3NHON, LMTPYNINH, G6eTa-anaHuH, [Ko3aMuHa
cynbpar n 13 Opyrux) XapakTepuaylTcs BbICOKOW 6€30MacHOCTbH
1 MOTYT MCMOMb30BaTbCA B ONITOBPEMEHHON npodunakTuke COVID-19

» [lonroBpemMeHHas — MWUKPOHYTPUEHTHAs Tepanns Takke TOPMO3UT
(hopMMpPOBaHME  XPOHWYECKMX KOMOPOMAHbIX MATONOrMiA, KOTOPbIE
yTshkensot TeyeHne COVID-19

BBEJIEHUE / INTRODUCTION

«HeoX1AaHHO» BO3HUKLLIAA KOPOHABUPYCHAA NaH4emMus okaszanach
CTPECC-TECTOM He TOMbKO ANst CUCTEM 3[PABOOXPAHEHUS PA3NYHbIX
CTPaH, HO N NS «CTaHAAPTHbLIX» MOAXOL0B K MOUCKY 3(h(PEKTUBHBIX
nekapcts. O6bI4HO ANs 3TOr0 UCMOJMb3YeTCs NpoLeypa Tak HasblBae-
MOr0 pauuoHanbLHOroO AnsanHa f1ekapeTs, B X04e Kotoporo 1) Bbinos-
HAETCS MOMCK «CaMOro NaBHOro» TapretHoro 6enka, 2) onpeaensor-
CH MOJEKYNbl-KaHaNAATbI, MOLYNUPYIOLLME aKTUBHOCTL 6enka (Kak
Npasuno, UHrMOUTOPLI), 3) NPOBOAUTCH KOMMMEKC 3KCMepUMeHTasb-
HbIX U KIIMHUYECKIUX UCCEJ0BAHNIA, NO3BONAKOLLMX OLEHUTb Crieundm-
4eckyro 3 eKTUBHOCTb M N0604HbIE 3G)EKTLI MOSEKYII-KaHANAATOB.

OfHaKo CUCTEMATUYECKNI KOMMbIOTEPHBIA aHa3 BCEro MaccuBa
nutepatypbl no COVID-19 [1] nokaszan, 4To Takoi NOAXo[ B NpUHLMNE
He N03BOJISET HANTU NOAXOLALLME (PAaPMAKONOrNYeCKMe CPeaCcTBa 3a
KpaTyaiillee BpeMs: CPeAHNA CPOK YTBEPXKAEHNS HOBOrO NPOTUBOBM-
pycHoro npenapara cocrtasnser okoso 10 net. [Toatomy nepenpodu-
NNpoBaHue (Peno3nLMOHNPOBAHIE) YXKE N3BECTHBIX JIEKAPCTBEHHbIX
CPELCTB MOXET 3HAYMTENbHO YCKOPUTb HAXOXEHWNE HOBbIX NMOAX0A0B
K thapmakotepanun COVID-19. B 4acTHOCTU, U3BECTHbIE (hapmako-
norumyeckue Npogounm npenapatoB U3 aHaTOMO-TepaneBTUYECKO-XM-
Muyeckon (ATX) knaccumkauuy YCKOpAKT OLEHKY JOKIMHUYECKO
11 KIIMHUYECKOI 6€30MaCHOCTM UX MPUMEHEHUS.

PenosununoHnpoBaHne W3BECTHbIX J1eKApCTB MOXET NPOBOANTH-
€ C WCMONb30BaHNEM BbICOKOMPOU3BOAUTENBHBIX CKPUHUHIOBbIX
TEXHONOTNIA Ha KIETKax B KynbType. BaxHOi 0COO6EHHOCTbIO TaKmx
CKPUHUHIOB SBJISIETCA OLiEHKA WHTerpanbHbiX 3q)qekToB [eicTBuMs

What is already known about the subject?

» Conventional drug design approach compromises search for effective and
safe drug-based treatment of COVID-19, as thousands of the already
existing pharmaceuticals have not yet been duly tested for antiviral effects

» Reprofiling the drugs registered in the Anatomical, Therapeutic, and
Chemical Classification (ATC) may significantly speed up the search for
such treatment

» Effective in silico screening technologies underly the actual reprofiling
efforts

What are the new findings?

» Chemoreactome screening of about 2700 pharmaceuticals in the ATC
identified 62 drugs and 20 micronutrients that have a pronounced antiviral
effect with minimal side effects

» 31 out of 62 drugs have been experimentally proven suitable for use in
COVID-19 treatment

» Glucosamine sulfate has the best safety profile out of all the anticoronaviral
micronutrients

How might it impact the clinical practice in the foreseeable future?

» Itis unadvisable to cancel the prescribed long-term drug-based treatment
without considering the results of the presented screening: 500 out of
2700 registered drugs inhibit SARS-CoV-2

» Several micronutrients (B-carotene, retinol, tocopherol,
7-hydroxymatairesinol, citrulline, B-alanine, glucosamine sulfate, and 13
more) are safe and could be used in long-term COVID-19 prevention

» Long-term micronutrient therapy also inhibits the development of chronic
comorbidities, which complicate the course of COVID-19

MCCNEAYeMbIX MOMEKyN, OCYLLEeCTBIAEMAsAs HAa OCHOBAHWN [AHHbIX
0 BbDKMBAEMOCTM KIIETOK, 3apaXKEHHbIX UCCMeAyeMbIM BUPYCOM. Ta-
KuM 06pa30M Obinia NMoKa3aHa NepcnekTUBHOCTb NPUMEHEHUS AaHO-
npesmpa, (aBunupasmpa, pemaecusupa 419 TOPMOXKEHNUS pensmka-
L KopoHasupyca SARS-CoV-2 in vitro [2].

[Togo6HOro poja CKPUHUHI/PENO3ULMOHMPOBAHIWE TNeKapCTB MO-
XKeT 06ecneynTb 6onee 6bICTPOE BHEAPEHME 3PdEKTUBHBIX CNOCO60B
(hapmakoTtepanuu. Tem He mMeHee BONPOCbl 6€30MacHOCTM hapMako-
Tepanun COVID-19 nmetoT nepBoCTENEHHOE 3HAYEHUE: Te4eHMe 3TON
VHEKLMN CYLLECTBEHHO YTSKENAETCH Ha (DOHE XPOHUYECKUX KOMOP-
6uaHbIx natonoruit [1]. lMo3ToMy BeCbMa BOXXHO OLEHMBATb eACTBIUE
MOMeKyN-KaHANAATOB Ha MUKPOOMOM YenoBeka (COBOKYMHOCTb BCEX
6aKTepuin-KOMMEHCaN0B) U HA BMPOM HeNl0BEKa (COBOKYMHOCTb «BU-
PYCOB-KOMMEHCI0B»).

CocTosHue MMWKpO6MOMA KULIEYHMKA TECHO B3aMMOCBS3AHO CO
3[10POBbEM BCEX OPraHOB U CUCTEM YENOBEKa, B T.4. [bIXATeNIbHOM CU-
cTembl. [opaepxanne U3N0NOrMYecKoro COCTOSIHUS MUKpo6Uoma
OCYLLECTBMAETCA NOCPELCTBOM POOMOTUKOB (T.6. XKUBbIX MUKPOOPra-
H3MOB) WK XKe 0COBbIX HU3KOMOSEKYNSPHBIX COeMHEHNIA, 0becne-
4UBAKOLLNX MUTAHNE (OM3NONIOTNYECKON MUKPOBUOTBI («NPEbUOTUKMI»,
«MeTAabNOTUKIN», «KOHOMOTWUKM», «HYTPULIEBTUKI», «(DYHKLMOHAMb-
HOe nuTaHue» nT. a.) [3].

[To aHanorum ¢ KoHLenuuen 03L0pOBIEHNS MUKPOBMOMA B HACTOS-
LLiee BpeMs aKTUBHO pa3pabaTbiBaeTCs KOHLENUUs 0340POBIEHUS BU-
poma 4Yenoseka. COCTOSHNE BUPOMA KNLLIEYHIKA UTPAET BOXKHYIO POJib
B pa3BUTUM 3a601eBaHNIA NeYeHn. I3y4eHne B3aMMOCBA3M COCTOSAHUA
Bupoma nauuentos ¢ COVID-19 ocobeHHO akTyanbHO, T.K. SARS-
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CoV-2 ctumynupyeT pa3sutie AMcyHKUMM nedvequn [4]. B otnuune
0T MUKPOGMOMA, KOTOPbIA n3y4aetcs yxe 6onee 20 neT B yHAaMeH-
TaNbHbIX U KIIMHUYECKUX MCCnefjoBaHnsax [5], nepBoe BCECTOPOHHEE
NCCNEAOBaHNE BUPOMA 3[0POBOr0 4enoBeka 6bino 0ny6nMKOBaHO
Tonbko B 2020 1. [6].

[TocpecTBOM METATPAHCKPMNTOMHOMO aHanu3a 51 pasHoBUAHOCTM
COMATU4eCKO TKaHW 3[0POBbIX J06POBONbLEB (N=547) 6bIN0 yCTa-
HOBJIEHO npucyTcTane 39 BUAOB BUPYCOB B 3[0POBbIX TKaHAX. KoMno-
HEHTbI BUPOMA 3L0POBOr0 YeN0BEKA BKITI0HAIOT Pa3NNyHble BUAbI rep-
nec-supycos (tunbl 1, 3, 4, 5, 6, 7), BUPYCOB NPOCTOro repneca (Tunbl
3, 4), aneHoaccoummpoBaHHbIil BUpYC AAV-2, KOpOHABMPYC YenoBeka
229E, pecnupaTopHO-CUHUMUTMANBHBIA BUpyc RSV, aHennomaHslit
TopKTeHoBupyc TTV, BMpyCbl manwuiiombl 4enoBeka, Bupyc Jlacca,
BMpYC naparpunna 3, kokcasmpyc vyenoseka HCoSV-A, psa 04eBuaHO
naToreHHbIX BUPYCOB (BUpPYChI renatuta B u C), a Takxe BUpYChI, Npu-
06pETeHHbIe OT LpYrux OpraHn3moB (Xy63nckui BUpyc aptonomos-1,
KOPOHABMPYC KPYMHOTO poratoro CKOTa, BUPYC «OCTPbIA MYennHbIiA
napanuny», BUpYC AeHykfieo3a komapos Anopheles gambiae, HUTHa-
Tl BUPYC n4en Apis mellifera, BUpYC NATHUCTOrO yBAAAHUS TOMATOB
n ap.) [6].

CocTosiHMe BUPOMA YeN10BeKa HEPa3pbIBHO CBA3AHO C COCTOSHUEM
CUCTEM BPOXAEHHOr0 MPOTMBOBUPYCHOTO MMMyHuTeTa [1] u, cooT-
BETCTBEHHO, OMPELENseT THKECTb TEYEHWS BUPYCHbIX WHMDEKLMIA.
Hanpumep, Hanuyue Bupyca 3nwiteiHa—bappa B ceneseHke U Kpo-
BM acCOLMMPOBAHO C YBENWYEHWEM Yucna B-numdounTos B nnasme
KpOBW 3[0pOBbIX A06POBONbLEB. Hanuyne repnecsupyca-7, 4acto
B TKaHSX XXenyaka, KoppenupyeT ¢ A0Meli NeNKOLMTOB YeSl0BeKa B Xe-
NyAKe 1 C 3KCMPECCUEN FeHOB, BAXKHbIX 15 OCYLLECTBIEHUS PYHKLNN
nuuiesapenus [6].

KOMMOHEHTbI BUPOMA MOTYT 6biTb aCCOLMMPOBAHbI KaK C MaToreH-
HbIM, TaK 11 C NPOTEKTUBHLIM BO3AE/CTBMEM HA 3[0POBbE YEN0BEKa.
Hanpumep, pecnupatopHO-CUHLUNTUANBHBIA BUPYC W HEKOTOPbIE
PUHOBMPYCbI YeNI0BEKA acCOLMMPOBAHbI C (DOPMMPOBAHMEM aCTMbI
B paHHeM Bo3pacTe. G ipyroii CTOPOHbI, MHAPEKLNS, BbI3BAHHAS BUPY-
com GBV-C (Bupyc renatuta G, HGV), moxet 3awmwars ot BAY-nH-
ekumn 1 MOBbIWATb BbDPKMBAEMOCTb COOTBETCTBYIOLUMX Tpynn
nauneHToB [7]. B akcnepumeHTe MHAMLMPOBAHIE MblLLER raMmma-rep-
MecBMUPYCOM, KOTOPbIA COOTBETCTBYET BMUPYCY dnwiTeiiHa—bappa y nto-
neii (EBV, repnecsupyc-4), o6ecneyqnsano 3awmTy 0T HeKOTOPbIX 6ak-
TepuanbHbIX nHQekunii [8].

TsxecTb Te4eHns COVID-19 Takxe accouumpoBaHa ¢ COCTOSHUEM
BMPOMA KOHKPETHbIX 60/1bHbIX. Hanpumep, 06pasLbl KpoBM rocnura-
NN3MPOBaHHbIX MaumeHToB ¢ COVID-19 (n=159, Witanus) aHannaupo-
BannCb Ha Hanuyme aHTuten Kk 93 904 BMpPYCHbIM nenTuaam, npea-
cTaBnglowmm 1276 WTaMMOB pasfiMyHbIX BUpYCcOB. H(uLMpoBaHne
Bupycom SARS-CoV-2 conpoBOXAanoch 3amMeTHbIM YBENNYEHUEM
pa3Hoo6pasns WHAMBMAYASIbHbIX AHTUTENT UMMYHHON namaTu. MHa-
4ye roBOPs, NauneHTbl ¢ TsKenbiM TedeHmem COVID-19 otHocaTcs
K «TSDKKO 1 A7IUTENbHO BONEI0LLMM», Npu4eM nepebonesLlmM MHOXe-
CTBEHHBIMI BUPYCHbIMI MH(EKLMAMI B aHAMHE3e XW3HN. Tsxenoe
TeyeHne COVID-19 6b1n0 accounmpoBaHo ¢ Hanm4ymem B UMMYHHOM
aHaMHe3e NaLMeHTa He TOMbKO MaTOreHHbIX BUPYCOB (YENOBEYECKMIA
PUHOBMPYC-3, Yen0BeYeckuin ageHoBmpyc D, wramm nonnosmupyca-1
Sabin, SARS-CoV u fap.), HO Takxe W Tpex npeacTaBuTeneil BUpoma
300POBbIX JI0AeN (BUpYChI repneca Yenoseka 1, 3 u 4) [9].

KpaiiHe NHTepecHO OTMETHUTb, YTO YaCTOTb BCTPEYAEMOCTY aHTUTEN
K NaToreHHbIM BUpYCaM (PeCnupaTopHO-CUHLMTUANbHBIA BUPYC, BM-
pyc rpunna B) 40303aBUCMMO BO3pacTan Npu YBENNYEHUI TSHIKECTU
COVID-19. B T0 xe Bpems aHTUTeNa K NpeAcTaBUTeNsM BUPOMA 340-
pOBOro 4esoBeka (repnecsupycsl 1, 3, 4) BCTpeHanucb 3Ha4UTENbHO
pexe y MauueHToB B KPUTU4ECKOM CcOCTOSIHUM npu COVID-19, yem

y 60JIbHBIX C YMEPEHHO-TSXKESbIM, HO HEKPUTUYECKUM TEYEHNEM WH-
hekumm [9]. 3T0 N03BONAET NPEAMNONOXKNTL, YTO 06CYKAAEMbIE NPEA-
CTaBUTENI BUPOMA 340POBOr0 YeNI0BEKA MOrYT ABNATLCA hakTopamu,
3aLLMLLIAIOLLMMI OT KpUTUYecKoro TeveHns COVID-19.

Takum 06pasom, 3(PMEKTUBHLIA NOUCK NEKAPCTB AN NeYeHus
COVID-19 pomkeH BKMKYaTh MO MeHbLIed Mepe 1) BbICOKOMPOM3BO-
ONTENbHbIA CKPUHUHT 3CDEKTOB BO3AEICTBUA MOMEKYN HA DYHKLIMIO
KNeTok, 3apaxeHHbix SARS-CoV-2, 2) oueHKy no604HbIX 9h(eKToB
1 3) OUEHKY BUSHUA MOSEKYN-KaHAMAATOB HA BUPOM YesI0BEKa.
B HacTodwen paboTe npenCcTaB/ieHbl Pe3ysbTaTbl XeMOPEAKTOMHOI0
MOJennpoBanus in silico apdpektos okono 2700 nekapcts, pyopu-
UMPOBaHHbIX B ATX, OCYLLECTBAEHHOr0 NOCPEACTBOM COBPEMEHHbIX
METO/I0B TOMOMOrM4YeCcKoro aHanmsa aanHsix [10, 11].

MATEPWAN N METO[1bl / MATERIAL AND METHODS

XemOopeakTOMHbI N0AX0[ K aHanu3y npobrembl «CTPYKTYpa—CBOii-
CTBO» MOJIEKY/l — HOBEIiLLEe HanpaBneHne NpUIoXeHUs CUCTEM WC-
KYCCTBEHHOr0 MHTeeKTa B 061aCT NOCTFEHOMHOM (hapmakomnoruu.
dapmakonornyeckme CBOICTBA WCCMELyeMbIX MONIEKYN B pamKax
XeMOpPEeaKTOMHON METOA0NOrNN OnpefensoTcs nocpescTBOM Cpas-
HEHUS WX XUMWUYECKOW CTPYKTYpbl CO CTPYKTypamu MWUSNNOHOB
JpYyrux MOnekyn, Ans KOTopbIX (PapMakonornyeckue CBOMCTBA YXKe
ObInn n3y4eHbl. 06y4eHNe anropuTMOB UCKYCCTBEHHOIO WHTENNEKTa
NPOBOAMTCA HA OCHOBE BONbLUNX AAHHbIX, NPEACTaBNEHHbIX B 6a3ax
PubChem/PHARMGKB [12], HMDB [13], STRING [14] u ap., u ocy-
LLECTBNAETCA B pamKax TOMOMOrMYECKO TEOpUN Pacno3HaBaHuUs
C NPUMEHEHNEeM MHOrOYPOBHEBOIO KOHTPONIS Ka4ecTBa 06y4eHus [15].

Tononoruyeckas Teopus pacnosHasaHus npeacTasnsaer cobon pas-
BMTME anrebpamyeckoro NOAXoAa K 3aayam pacno3HaBaHUs U BXHA
KaK WMHCTPYMEHT WCCNE0BaHUs NPU3HAKOBbIX OMUCAHWIA 0ObLEKTOB.
B cnyyae xeMOpeakTOMHOr0 aHanu3a 06bekTamu UCCnefoBaHus fiB-
NATCA XemMorpadbl (X-rpddibl) — 0CoBble PasHOBUAHOCTM rpacha
(T.6. MaTEMaTMYECKOrO 00BEKTA, ABAAKOLLEr0CH COBOKYMHOCTHH MHO-
)KECTBA BEPLUMH 1 MHOXECTBA pebep — CBA3EN Mexzy BepLumHamm).
B pamkax Tononornyeckoit Teopum pacno3HaBaHus ans xX-rpacos BBO-
autcs VTN-hyHKUMA paccTosiHus dx, KOTOpas OTPAXKAET «XMMUYECKOE
paccTosiHne» mMexay LBYyMS Npou3BosbHbIMK Monekynamu [10]. Mpu
NCMONb30BAHNN METPUKN X3MMUHIA PYHKLMSA PACCTOSAHUS MEXLY Xe-
Morpaghamu o, Hazl 6UHapHbIMK X-UHBApUAHTaMK ONPESensieTcs Kak

1

x| .
Y o AFBX, @ UKBIX, . (1)

b=

d,(X,X,)=

r4e % — MHOXECTBO 3/1eMEHTApPHbIX X-WHBAPUAHTOB (BCEX BO3MOX-
HbIX (PPArMeHTOB XUMMYECKUX CTPYKTYP), 1[Iy — KOPTEeX-MHBApUAHT
(cnucok parMeHTOB CTPYKTYP, MPUMEHUMbIA K CTPYKType no6on
MOJIeKyNbl), ﬁ[Xj] — CMOCO6 BbIYUCNEHNS BUHAPHBIX MPU3HAKOBbIX
onucawuii Ans xemorpada X ;, COOTBETCTBYIOLLMX (hparmeHTam moe-
KYNSPHOI CTPYKTYPbI N3 MHOXECTBA ), O, — BEC k-r0 NPU3HAKa.

MpuBeLeHHOE BbILLIE BbIPAXEHWE, O0TPAXKAIOLLEE «XUMUYECKOE pac-
CTOHME» MEXAY [BYMA NPon3BonbHbIMK Monekynamu X, n X,, aBns-
€TCS OCHOBOI XeMOMH(OPMALIMOHHOIO aHaN13a.

PaccrosHue dx ABNIAETCA HACTPAMBAEMOI METPUKOM, T.K. COLEPXUT
Npon3BOJbHbIE NapameTpsl (Beca M, ). [ina HaCTPOIKM BEKTOpa napa-
METPOB ((),) UCMONb3YIOTCS anropuTMbl XeMOMETPUHECKOTO aHaNN3a,
KOTOpbIe NoJpa3yMeBatoT NPUMeHeHNe NpoLeAypbl COrnacoBaHus nap
MeTpuK. OfHOW 13 METPUK SBNSETCA «XUMUYECKOE PaccTosiHne» d,,
a Apyroi — MeTpuka d, , BblYUCNISIEMAs HA OCHOBE 3Ha4YeHMIA A, i
610/10rM4eCKON aKTUBHOCTH (HAaNpUMep, MHrMBUPOBaHME penanKaLmm
BMpYCa, NOAAEPKKA POCTA KNETOK 1 Ap.). CornacoBaHne 3akno4aeTcs
B N0A6OPE TaKMX 3HAYEHUIA BECOB (), , NPU KOTOPbIX Pasnu4usa Mexay

www.pharmacoeconomics.ru

194

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2021; Vol. 14 (2)


http://www.pharmacoeconomics.ru

OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

3Ha4eHUAMI COrnacyemoil napbl MeTpuK, d, U d ,, MuHuMansHo [15].
3ajaya MaLlMHHOro 06YYeHUs Ans COrnacoBaHus MeTpuK hopmynu-
pyeTcs Kak

argmin[L(d (X,,X,),d, (A, A i= 1N, j=1on, (2)

()

ij>

roe L — BbiGpaHHas (DyHKUMS NOTepb (CymMma KBApaTOB HEBA3OK,
CTaHAAPTHOE OTKJIOHEeHWe U T.Nn.). B pe3ynbrate 06y4eHus anropurma
«xumuyeckoe paccrosiHue» d, (X,;,X,,) mexay napoit monekyn X,
1 X,, COOTBETCTBYET Pa3nM4NI0 B 3HA4EHNSX aKTUBHOCTU A, 1 A ,, OT-
paxaembix MeTpukoit d, (A;;,A,,) C TOYHOCTbIO A0 NUHEAHOr0 npe-
06pa3oBaHus y,, T.e.

dy(A,,A,)= yi(dx(XiUXiZ)) =a dx 0. ’Xi2)+bx~>A [t2019].(3)

)

[laHHble 0 k-I1 6UONOrMYECKON aKTUBHOCTM NPeACcTaBMMbl B BUE
KOHEYHOro 4ucna 3HaveHun I, = {xkl,xkz,...,xkh,...,ka,A};
B CIly4ae 41CnoBOI k- NepeMeHHon MHOXECTBO I, nuHerHo ynops-
AodeHo (A, <A, <X, ).TI0O3TOMY NPAKTUYECKM BOXKHBIM YACTHBIM
Cy4aeM 3KCMepTHON METPUKMN ABJIAETCA METPUKA HA OCHOBE CKanspa
(B Ka4ecTBe KOTOPOro BbICTYNAET NPOrHO3MPYyemMas Y1CcnoBsas Bennyu-
Ha). [Ins Takon «0HOMEPHON» METPUKI BbINOSHEHbI BCE TPU aKCWO-
Mbl METPUKM (T.K. OHW BbIMOHEHbI ANS NH06bIX TPEX PA3IIUYHbIX TO4EK
Ha Y1CNOBOI NPAMOIA).

B cny4ae d ,-meTpuki Tuna (3) nocTaHoBKa 3afain B popme (2),
(hakTMYeCKN, IKBUBANEHTHA afAUTUBHOI CXeMe y4eTa NprU3Hakos, T.e.
CYMMWPOBAHMS 3HAYEHUI NMPU3HAKOB C BECAMM C MOCNEAYIOLLNM NpU-
MEHEHNEM KOPPEKTUPYIoLLei onepaunn (PyHKLUUU-KoppekTopa). [en-
CTBUTENbLHO, NYCTb HyNnesoit anemeHT {0} BXOAMT BO BCE MHOXECTBA
I, TaK 4TO MOXHO OMPEefenuTb PacCTOSAHWE OT HYNEBOro 3NemMeHTa
[0 no6oro [pyroro anemeHTa MHoxectsa I, mocpesncTsom ckansp-
HOI4 3KCnepTHON MeTpuKkK d,. Toraa Kputepunin (2) MOXeT 6bITb Nepe-
thopmynupoBaH Yepes paccToAHNA OT HyneBoro anemeHta {0}, Tak 410
NPOU3BOAMTCA NMEPEX0S OT OLEHKM MOMapHbIX paccTosHUA K CyMMU-
pOBaHMIO N0 BCeM 00bEKTaM. [Tpu 3TOM 3a/ja4a MaLLMHHOTO 06y4eHus
thopmynupyetcs Kak

argmin Y |d,,(@),10},X,) = T(X, ) @
1i-P m=1

roe T(X,,) — 3Ha4yeHne NporHo3npyemoii Y1CnoBOI NepemMeHHoI Ans
06bekTa X, B3ATOE U3 COOTBETCTBYIOLLEN 00y4aKoLLen BbIGOPKM N3
N 00bEKTOB.

B uenom Ha rmepsom 37Tarne XemOpeakTOMHOr0 aHannusa nocpep-
CTBOM MUHUMU3ALNN YCNOBUIA (2) 1 (4) NpoBOANTCA 00Y4eHue anro-
PUTMOB W HACTPOWKa BECOB () N0 d -MeTPUKe (3) ANst BbIYUCTEHNS
XUMUYECKMX PACCTOAHMNA dx. Ha BTopom atane pns vccnenyemoin mo-
nekynbl X paccuutbiBaiotes paccrosuus d , ((@,),{0},X), koTopbie
B COOTBETCTBUK C (4) ABNAIOTCA NPOrHO3aMU 3HA4eHNiA Uccnemyemoi
610N0rnYeckoil akTUBHOCTU. Ha TpeTbem 37ane CTPOUTCS 3mMnupuye-
CKas (DYHKUMS pacnpefeneHnss 3Ha4yeHuin OLEeHWBAEMOro CBOWCTBA.
OUEHKI 3HAYEHUIA Pa3NNYHbLIX CBOWCTB BBLIYMCIAIOTCA Kak mMarema-
TUYECKOE OXWUAAHWE U AUCnepcust COOTBETCTBYIOLLMX IMMUPUYECKNX
dhyHKuMi pacnpenenenus [11].

Bbi6opku faHHbIX ANs 06y4eHMsa anropuTMoB XEMOPEAKTOMHOIO
aHanu3a npoTUBOBUPYCHbIX CBOMCTB nekapcts / Datasets for training
algorithms for chemoreactome analysis of antiviral properties of
drugs

Ha ocHose pecypcoB PubChem [12] u HMDB [13] 6binn u3sneve-
Hbl AaHHble Mo 34 300 NpoTUBOBMPYCHLIM aKTUBHOCTAM PA3fINYHbIX
MOJIEKYNl M0 OTHOLIEHUKD K 58 60Ne3HEeTBOPHbIM BUpycam (B T.M.

SARS-CoV-2) u K 21 Bupycy, npeacTaBnstoLieMy BUPOM YenoBeka
[6]. ®opmynbl nekapcTB — u3 cnucka ATX u 6a3bl gaHHbix STRING
[14]. B cobpaHHbIil MACcCWB JaHHbIX BKITHOUYMUIM KaK UHGOpMaLMIO 06
VHrMOGMPOBAHNI PA3NIMYHbIX BUPYCHbIX 6ENIKOB, TaK 11 CBEAEHNS 0 No-
BbILUEHNI BbKIBAEMOCTY B KyNbTYPe KNETOK, MHUUMPOBAHHBIX BM-
pycamu. MpeanoyTeHne 6bI10 0TAAHO AAHHbIM, MONTYYEHHbIM HA KYSb-
Typax K/eToK NuHuiA Vero, e UUMTHBIX N0 WHTEPGEPOHY, KOTOpbIe
MCNONb3YIOTCA ANs BbIPALLMBAHNA BUPYCOB U OLIEHKN MHTEHCUBHOCTM
BMPYCHOII pennukaumm npu npoBefeHn hapMaLeBTUHECKUX UCCre-
[O0BaHWIA. B 4acTHOCTM, anuTeNnanbHble KNeTK no4ek nuHum Vero
E6 06naparoT BbICOKOW BOCMPUMMHMBOCTbIO K MHGekumn COVID-19
1 NO3BONAT OLeHWBaTb pennukaumto supyca SARS-CoV-2 nytem
M3MEPEHUst MHAYLMPOBAHHbIX BAPYCAMI LIMTONATUYECKNX 3(DCEKTOB
1 CUHTE3a afieHo3uHTpudocdara (AT®) [2].

BbIcOKONPOM3BOAUTENbHDIA XEMOPEaKTOMHbIA CKPUHUHT 3(h(heKTOB
nekapcts u3 ATX u oueHka 3h(hekToB BO3AHCTBUSA NEKAPCTB Ha
Bupom 4enoseka / High-performance chemoreactome screening of
drugs from the ATC, estimation of their effects on the human virome

B xofie BbICOKONPOM3BOAUTENBHOIO XEMOPEAKTOMHOIO CKPUHUHTA
nekapctB npotne SARS-CoV-2 ans Kaxgon m3 uccnefyembiX Mone-
KYNn BbIYNCNAOTCA MOKa3aTeNu, OLeHMBaKOLMe (DYHKLUWOHNPOBAHNE
MHULUMPOBaHHBIX KneTok nuHun Vero E6: 1) napametp FC, oTpaxa-
IOLLWIA KPAaTHOCTb M3MEeHeHNs ypoBHeit ATD nocre MHKy6aLmm KNneTok
B Te4eHMe 72 4 ¢ 5 MkM nccnegyemoii Monekynbl; 2) norapucm napa-
meTpa FC, Log2FC; 3) Z-6ann, paccuutaHHblil Ha ocHoBe Log2FC ¢ no-
npaBKamil Ha CPeAHee 3Ha4yeHWe W CTaHAAPTHOE OTKMOHEHWE 3Haue-
Huit FC; 4) NpoLeHT MHrMbuposanns pennukaumm supyca [2]. Cambim
B)XHbIM MapamMeTpoM sBnseTcs Z-6ans, 6051ee BbICOKME 3HAYEHUS KO-
TOPOro COOTBETCTBYIOT 60/€EE BbICOKAM YPOBHAM CUHTE3a AT® B UH-
(PULMPOBaHHbIX KNeTKax. MIHbIMu cnosamm, 601ee BbICOKIUE 3HAYeHNS
Z-6anna ykasblBalT Ha OOMbLUYID XKW3HECMOCOBHOCTb MHULMPO-
BaHHbIX BUPYCOM KNETOK 1, COOTBETCTBEHHO, Ha 60/1ee BbIPOKEHHOE
NPOTUBOBMPYCHOE [E/iCTBME M3y4aeMoro npenaparta. [1ony4eHHble
NrOPUTMbl XEMOPEAKTOMHOr0 aHanusa no3BonsioT NPOrHO31pPoBaTh
3HaYeHNs Z-6anna ¢ BbICOKUMMN 3HAYEHMAMU KOS ULIMEHTA PAHTO-
BOV KOPpPensauun Ha TecToBbIX Bbl6opkax (r=0,78-0,84) (puec. 1).

XeMOpeaKTOMHbIA CKPUHUHT MPOBOAUTCA NOCPELCTBOM anropuT-
MOB, MOMYYEHHbIX NpU 06Y4EHWN Ha JABYX HE3aBUCUMbIX BbIGOPKax
JaHHbIX N0 OLEHKe (DYHKLMOHUPOBAHNA VHMULNPOBAHHBIX KNETOK
nuHun Vero E6. [lanee pesynbraTbl CKPUHWHTA OTOOPAXAOTCA Ha
anarpamMme B KOOpAWHaTax «Z-6ann no He3aBMCUMON Bbl6Opke 1»
1 «Z-6ann no He3aBUCUMON BbIGOPKE 2».

[ns oueHkn 6e30MacHOCTI NeKapcTB Obina MCNONb30BaHa UHAOP-
Maums 0 No60YHbIX dMEKTAX, NPeCTaBlIeHHasa B Ny6nnkaumsx, 3a-
permcTpupoBaHHbIX B 6a3e faHHbIX SIDER [16]. Pesynbtathl aHanusa
NpeACcTaBNeHbl HA auarpamMmme ¢ ocaMu «3hPEKTUBHOCTL>» (CpeaHee
3HaYeHue Z-6anna npenapara no ABYM HE3aBUCUMbIM BblGOpKaM)
1 «6e30MacHOCTb>» (MPOLEHT NaLMEHTOB, OTKA3aBLUMXCS OT npuema
npenapara BCIIeCTBUE TeX UMKN UHbIX NOBOYHbLIX 3DIEKTOB).

PE3YNbTATbI / RESULTS

XemMOpeaKTOMHbIA CKPUHWUHT 0Kono 2700 nekapcTts, NpeacTaBneH-
HbIX B CCKe pybpukatopa ATX, no3sonus BblLenuTb 0koso 500 mMo-
NeKyI, NePCneKTUBHLIX ANS farbHEeALero pacCMOTPEHNS B Ka4eCTBe
TepaneBTUYECKUX CPEACTB Ans neveHus/npodounaktukn COVID-19
(pue. 2, @). CKpUHUHT MPOBOAMICS MOCPELCTBOM NrOpuTMOB, NOJY-
YEHHbIX MpK 06Y4eHNN Ha IBYX HE3aBUCUMbIX BbIOOPKAX AAHHbIX, NpU-
4yeM cpefHee no ABYM Bbl6OpKam 3HadYeHue Z-6anna 6bl10 Nponop-
LLMOHANbHO CTENEHU MHIMOUPOBAHNSA PeNnNKaLmMmn Bupyca (puc. 2, b).
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PucyHok 1. lpumep KOppenauum Mexay BbI4MCNEHHbIMY U 3KCMIEPUMEHTANbHO
OnpefeneHHbIMI 3Ha4eHUAMN Z-6anna NpoOTUBOBUPYCHOTO JEACTBIUS HA TECTOBbIX
BbIGOpKax nNpenapatos. Kaxaas To4ka COOTBETCTBYET 0AHOMY npenapary

Figure 1. Example of correlation between the simulated and experimental Z-scores of
antiviral effects observed in test samples of drugs Each point corresponds to one drug

Xota cpegu 500 BblAeNEHHbIX NPOTUBOBUPYCHBLIX AEACTBYHOLIMX
Hayan BCTPEYaNnuCb W3BECTHble MPOTMBOBMPYCHbIE Npenapatbl, a6-
COJMOTHOE 60JbLUMHCTBO WUCCNES0BAHHbIX MOJIEKYN OTHOCUINCK K Ca-
MbIM pasHbiM py6pukam ATX. Hanpumep, Hanbonbwum apdexktom
NPOTUB KOPOHABMPYCA OTIIMYMUICA XONELMCTOKNHETUHECKIUIA npenapart
cuHkanug (Z1=0,86, Z2=0,84, nHrnéupoBaHne pennukauun KopoHa-
Bupyca 6onee 60%). HecmMoTps Ha TO 4TO POPMANbHO AaHHbINA Npena-
pat oTHocuTcs K py6puke VO4CC TecTbl Ha NPOXOAUMOCTb XEnYHbIX
MPOTOKOB M WCMOMb3YETC B ANArHOCTUKE 3a60MeBaHUin HKenyHo-
ro nysbIps U NOMKENYLOYHON XKenesbl, OH TaKXKe ABNAETCH OLHUM
U3 CUbHEALINX WHTMOUTOPOB OCHOBHOM MPOTEa3bl KOPOHABMPYCA
SARS-CoV-2 [17]. Cpeon npoTWBOBMPYCHBIX NpenapatoB Haubonee
BbIp@XXeHHbIM JercTBneM npoTuB SARS-CoV-2 otnuyuncs Tenanpe-
Bup (£1=0,85, 22=0,82, 58% nHrnbuposaHna pennukalnmu KOpoHasu-
pyca), KOTOpbIA TaKkxe SBIAETCA MHIMOUTOPOM OCHOBHOW MpOTeasbl
SARS-CoV-2 [18].

BesonacHocTb NpenaparoB 0c06eHHO BaxkHa Anis Tepaniun COVID-19
— NaTosormn, Kotopas OTNYAETCS BbIPAKEHHOW NOAUOPraHHOW AucC-
(PyHKLMEN, BOBNEKAIOLLEN CUCTEMbI AETOKCUKALMN (NEYEHb U MOYKN).
Moatomy npenapatbl ans papmakotepanuu COVID-19 gomKHbI UMETb
MUHUMYM NPOABNEHNA NOBOYHLIX IPDEKTOB. [1N19 OLEHKN NOBOYHO-
ro AeicTBNA N1eKapCTB Mbl MCMoNb30Bany 6a3y AaHHbIX SIDER [16],
COJiepXKaLLyt0 MHGOpPMaLMI0 0 NOBOYHbIX apdheKTax npenapaTos u3
nyénukauuin 8 PubMed. B kayecTBe oLeHKM 6€30MacHOCTU Bbifl MC-
noNib30BaH MPOLEHTHBIV NOKasaTeSib KOJMYecTBa MALMEHTOB, OTKa-
3aBLUMXCA OT NpKUemMa npenapara BCIeACTBUE TEX UK MHbIX MOBOYHbIX
3(DEKTOB B XOAE KNMHUYECKNX UcCnesoBanuii (puc. 3). B pesynsrare
ObInn BblAeNeHbl 62 hapMakonornieckux n 20 MUKPOHYTPUEHTHBIX
npenaparos, KOTOPbIE MOTYT NPUMEHATLCA AN 3G DeKTUBHON 1 6€30-
nacHor Tepanun COVID-19.

dapmakonoruyeckue npenapartbl, KOTOPbIE YXE UCMONb3YHTCA
8 Tepanuu COVID-19 / Pharmaceuticals already used in COVID-19
treatment

113 62 thapmakonorn4ecknx npenapaTos, BbIAENeHHbIX B Pe3y/bTa-
Te HACTOALLEro XeMOpeakTOMHOr0 CKpuHWHra, ana 31 6bina npoge-
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PucyHoK 2. PeaynbTaThl XeMOPeaKTOMHOr0 CKpUHuHra 2700 npenapartos n3
py6pukatopa ATX, OLeHNBAIOLLLEro NepcnekTUBHOCTb UX MPUMEHEHNs Ans Tepanum
COVID-19. MpoTnBoBMpPYCHAA aKTUBHOCTb ONpefensnach Kak cTeneHb NOAAEPXKN
npenapatom CuHTe3a afieHo3nHTpudocdara (AT®) B kynbType knetok Vero E6,
MH(ULMPOBAHHBIX KOPOHaBUPYCOM SARS-CoV-2 (Z-6ann). Bonblume 3Ha4eHus
Z-6anna cooTBETCTBYIOT 6OMbLINM KOHLEHTpauuam AT® u, cnegosaTenbHo, Gonee
BbIPAXXEHHOMY MPOTUBOBUPYCHOMY 3 (DEKTY:

a— pesynbTaTbl B KOOPAUHATAX Z1, Z2 (3Ha4YeHns Z-6anna ang [ByX He3aBUCUMbIX
06y4aloLLmMX BbIGOPOK IKCEPUMEHTOB);

b — koppensuna MeXAy cpeaHUMU 3Ha4YeHAMN Z-6anna npenapaTos

(Z1+Z2) /2 n npoueHTOM MHrNBMPOBAHINA PenanKkalmm BUpycos B knetkax Vero E6

Figure 2. Chemoreactome screening of 2700 pharmaceuticals from the ATC for potential
use against COVID-19. Antiviral activity was estimated in terms of adenosine
triphosphate (ATP) synthesis support in Vero E6 cells infected with SARS-CoV-2
(Z-score). Higher Z-score corresponded to higher ATP concentrations, therefore
standing for a more pronounced antiviral effect:

a—resultsin Z1, Z2 coordinates (Z-score values for two independent training sets);

b —correlation between the mean Z-scores (Z1 + Z2) / 2 and virus replication inhibition
in Vero E6 cells

MOHCTPUPOBAHA Lienecoo6pa3HOCTb UX MCMOMb30BAHNA B KOMMIEKC-
Hoii Tepanun COVID-19. [JaHHbIe fIeKapCTBEHHbIE CPeACTBA OTHOCATCS
K 29 py6pnkam ATX, BKNt04as NpOTMBOBMPYCHbIE Npenaparbl, MyKo-
NNTUKK, UMMYHOMOZYNATOPbI. [19 MHOTMX U3 HUX ObINN YCTaHOBNE-
Hbl TapreTHble 6enku KopoHaBupyca (Taén. 1).

MHorue u3 npenapatos, ykasaHHbIX B Tabnuue 1, MOryT nosbl-
LaTh BbDKMBAEMOCTb KIETOK MOCPELCTBOM MMMYHOMOZYIATOPHOMO
W IPOTUBOBOCMAUTENILHOIO fievicTBuA. Hanbonee CunbHbIA 3dhdekT
B HACTOSALLEM CKPUHUHIE Obl YCTAHOBNEH AN npenapara uHro-
JIMMOZ, VCNONb3YeMOro B (hapmMakoTepanun pacCesiHHOro Ckneposa.
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PucyHok 3. PeaynbTathl CKpUHMHIA B KOOPANHATAX «3(DAEKTUBHOCTb—6E30MACHOCTb>.
B kayecTBe oLeHKI 3 (PEKTUBHOCTI UCMNONb30BAHO CPEAHEE 3Ha4eHne Z-6anna no
[IBYM He3aBMCUMbIM BbIGOPKaM. be3onacHoCTb npenaparta oLeHMBanach Kak
NPOLLEHTHOE KONNYeCTBO NaLNeHTOB, 0TKA3aBLUMXCA OT NpUema npenapara BCheACTBIE
TeX UK UHbIX N0604HbIX 3 heKTOB (N0 faHHbIM pecypca SIDER [16])

Figure 3. Screening results in effectiveness-safety coordinates The estimate is the mean
Z-score of two independent sets. Safety was estimated in terms of the percentage of
patients who refused to take the drug due to side effects (data sourced from SIDER [16])

Mogaynupys peuentopbl ccuHro3uH-1-coctara, UHrONUMoa 6bin
accoLnmnpoBaH ¢ ymepeHHbim [19] 1 faxke 6eCCUMNTOMHbLIM TeYEHUEM
COVID-19 y nauueHToB C paccesiHHbIM cknepo3om [20]. B knuuuye-
CKOM Cfy4ae 0TMe4eHo peskoe o6ocTpeHme uHdekumn GCOVID-19 no-
cne oTMeHbl puHronumona [21]. Mogo6Horo posa NpOTUBOBUPYCHbIE
athheKTbl Habnaanuc U Ang TepudyHoMUAA, TaKxKe NpuMeHsie-
MOro A8 Tepaniu paccesiHHOro ckreposa [22].

AHTUrNCTaMUHHBIN penapar hamoTnanH TaKkxXe MOXET UHTMONpo-
BaTb OCHOBHYyI npoTeady Bupyca SARS-CoV2 [23]. B knnHWU4eckoii
npakTuke haMOTUANH CHIDKAN CUMNTOMATUKY Kalns, 0AbILKW, 06-
CTpyKuumn 6poHxoB npu COVID-19 [24], cnoco6CTBYS YNyHLLIEHNO pe-
3Y/bTATOB JIEYEHNA FOCMUTANIN3NPOBAHHBIX NALNEHTOB [25].

Kpome Toro, npoTuBoBOCNanMTebHbIM AeiicTeuem npu COVID-19,
CBA3aHHbIM C NOAABMEHNEM (HOPMUPOBAHUS LMTOKWHOBOIO LUTOPMA,
OTANYANNCh CREAYHOLLe Npenaparbl:

— UHruéuTop Tononsomepassbl Il 9T0mo3ng [26] (KOTOPbINA peKOMeH-
JyeTca ons Tepanun remodharouuTapHoro numdorncTMoumnTo3a, Bbi-
3saHHoro COVID-19 [27]);

— MOAYNIATOP PeLenTopoB 3CTporeHa 6asegokcngher [28];

— gumetungpymapar w3 rpynnel NO7XX [pyrue npenapatbl ns
HEepPBHOIA cuctemsl [29];

— METUJTPEAHU30/I0H, IPUMEHSEMbIA NP YMEPEHHOM U TSHXENOM
TeveHun COVID-19 [30] n cnoco6CTBYIOLLNA YAY4LIEHNO OKCUreHa-
U Kposu [31].

HukotnHamuy (Z1=0,64, Z2=0,67) ssnsetca doopmoii BuTamuHa PP,
HEo6X04MMOI Ang 6UOCMHTE3A HUKOTUHAMUALNHYKIIE0THAA — KO(haK-
TOpa (pepMeHTOB cuHTe3a AT®. Kpome TOro, HUKOTUHAMUA ABNSETCS
nHrnéutopom nonu(AL®-pubo3a)-nonumepasbl [32] u ToAN-N0A06-
HOrO peuenTopa-2, 4T0 BOXHO 1S TOPMOXEHUS PEniMKauum Kopo-
HaBMPYCa M CHIWKEHUS BbIPabOTKM NPOBOCNANMUTENIbHOIO MHTEPAEii-
KuHa-8 npu COVID-19 [33]. HukoTMHamMua MOXeT MOAYynnUpoBaTb
aKTUBHOCTb HMKOTMHOBbIX PELIENTOPOB ALETUIXOMHA, KOTOPbIE Mrpa-
10T BXHYI0 pOJib B perynsauum akenpeccuu rena ACE2, koaupytoLuero
aHrnoTeH3uHnpespawaownii pepmeHt (AMN®) 2 — 6enok-peLentop
Bupyca SARS-CoV-2 [34]. HUKOTMHOBbIE PELenTopbl aLeTUIX0NNHA
TaKXXe B3aMMOLENCTBYHOT cO cnaik-6enkom SARS-CoV-2 [35]. Cneum-

thuyeckmit npochunb MeTabosoma NauueHToB, UHAULMPOBAHHbIX
SARS-COV-2, noATBEPXAaeT KN04YeBYH pofib TPUNTO(AH-HUKOTIMHA-
MUIHOr0 NyTW B 3apaXeHWUu KopoHasupycom [36]. Moatomy moayns-
LN HUKOTUHOBOM XONMHEPTUYECKOI CUCTEMbI MOXKET ObITb M0ONE3HA
Ans nedenns naumentos ¢ COVID-19 [37].

AHTNONOTUK a3nTPOMMUMH YCNELIHO WCMONb3YeTCs B Tepanun
COVID-19 [38]. MokazaHo, 4TO A3UTPOMULIMH MPOSBASET NPAMOe
MHrNOMpytoLLee [ENCTBME HA MPOHWUKHOBEHWE BMPYCOB rpunna A
1 SARS-CoV-2 BHyTpb KneToK [39]. ASUTPOMULIMH NPOLEMOHCTPUPO-
Ba/l LeSiblil KOMNMIEKC NPOTUBOBUPYCHBLIX 3CHDEKTOB HA MOSEKynap-
HOM YpOBHe: 1) noJaBnieHne IKCNPECCUN reHOB UHTEpeliKNHa-16eTa
[40]; 2) uHrnéuposanue curHanbHbix nyten TMPRSS2 n TMPRSS11D,
HE0OXOAMMbIX Anf  uHuUuMpoBaHus knetok SARS-CoV-2 [40];
3) TOpMOXKeHMe B3aMMofencTBus cnaik-6enka supyca SARS-CoV-2
c TapreTHbIM 6enkom CD147 Ha nosepxHocTu knetok [41]; 4) cHuke-
HUe peninKaLmn BUPYCOB 3a CYET SIM30COMHbIX appekToB [42].

MyKonuTUK 6pOMreKcuH, 06bIYHO UCTIONb3YEMbIN N1 Pa3KMKEHNS
MOKPOTbI, TaKXe SBASETCA MHrMOMTOPOM MeMOPAHHOI CepuHOBOIA
npoTea3bl TMPRSS2 uenoseka, koTopas aktusupyet supyc SARS-
CoV-2 [43]. 3hheKTMBHOCTb GPOMIEKCMHA B NIEYEHUI NALUEHTOB CO
cpeaHeTskenbiM COVID-19 6bina nokasaHa B paHAOMU3UPOBAHHOM
KNUHUYECKOM MccneaoBaHny [44].

MykonuTuk ambpokcon NposBNsieT aKTUBHOCTb NPOTWUB BUMpYyca
SARS-CoV2 B kneTtkax Vero E6 B KNMHMYECKN 3HAYMMbIX KOHLEHTpPA-
umsx [45], nogasnss B3aUMOAENCTBME Mex[y Cnank-6eKkoM KOpoHa-
Bupyca n AMN® venoseka [46]. PekomeHayeTcs COBMECTHOE UCMOSb30-
BaHNe amBpoKCOna 1 Nero4YHoro cyphaktaHta Aans neyveHns ocTporo
pecnupatopHoro auctpecc-cuugpoma (OPLC) npu COVID-19 [47].

AMAaHTagnH N MEMAHTHH UCNOMb3YITCA B Tepanun AemeHuun. 3Tn
npenapatbl CHWKAT HerMpoTokcuyeckue acppektsl COVID-19, B T.4.
npu OPOC, a Takxke pennnkauui BMPYCOB 3a CHET JIN30COMHbIX
ahpekToB [48]. MpoTuBoBOCNANUTENbHbIE 3(DIEKTbI amMaHTaguHa
1 MEMaHTIHA MOTYT 6bITb NONe3Hbl Ans nedvenns COVID-19 [49], 4to
MOATBEPXKAAETCA pe3ynsrataMii KIMHUYECKUX uccnefoBaHnii [50].
MemaHTuH cnocobeH wHrnéuposatb E-6enok supyca SARS-CoV-2
[51]. Kpome TOro, MeMaHTUH Kak aHTarOHMUCT peLenTopoB alib-
a7-nAChR n NMDA-peLenTopoB CHuXaeT akcnpeccuto AN (reH
ACE2), Tem cambIM CHIKas BupyneHTHoctb SARS-CoV-2 [52].

Psa npenaparoB, KOTOpble MPUHAANeXat K BeCbMa PasfnyHbIM
rpynnam ATX, ABAAKOTCA MHrMOMTOPaMK Cheunduyecknx 6enkos
Bupyca SARS-CoV2 (cm. Tabn. 1). Mpexae Bcero cnegyer 0TMETUTH
NPOTUBOBUPYCHbIA Npenapat MapaBupok, KOTOPbIA MOAABNSET pas-
MHOXeHne SARS-CoV-2 1 onocpeaoBaHHOe cnaiik-6enkoM CrnusHue
BUPYCOB C KNETKaMu B KymnbType KNnetok [53]. MapaBupok Takxe fiB-
NAETCS BbICOKOAMUHHBIM UHIMOUTOPOM OCHOBHOW NpoTeasbl SARS-
CoV-2 [54]. AHTUONOTUK napoMoMuymH HIMBUPYET U Cnaink-6erok,
1 OCHOBHyt0 npoteady SARS-CoV-2 [55]. Mpoteady SARS-CoV-2
TaKXXe MHTNOMPYIOT A0ChAMUHEPTUYECKIIA areHT Jo6yTamuH [56] u ce-
pocofepxawiuin npenapat gucyibgupam [32995786]. AHTaroHuct
nepugepuyecknx ONMOUAHBIX PELEnTOpPOB Hasokceros 6noKupyet
cBsizbiBaHne SARS-CoV-2 ¢ AMN® [57], a HeCTEpOUAHbIA NPOTMBOBOC-
nanuTeNbHbIA Npenapat HUMECY/IUA WHIMOMpPYeT TPaHCMOpPTep amu-
Hokmcnot BOAT1 (SLC6A19), KoTopblit coBMeCTHO ¢ AMND yyacTyeT
B NPOHMKHOBEHUN BUpyca SARS-CoV-2 B KneTku Yenoseka [58].

3amMeTUM, 4TO XITIOPOXMHOBbIE Npenapartbl Obln NPeSoXeHbl Of-
HUMU 13 nepsbix ans Tepanun COVID-19. OpHako npakTUyecku Bce
VHULMMPOBAHHbIE KNWHWYECKNE UCCeA0BaHMs Gbinn  OCTaHOBIE-
Hbl BCNEACTBNE BbIPAXKEHHbIX TOKCUYECKNX 3(h(EKTOB Y NaLneHToB
¢ COVID-19, B T.4. renaTOTOKCUYHOCTU M KapAMOTOKCUYHOCTU [59].
Mo pe3ynsratam HACTOALLEr0 CKPUHMHIA, XI0OPOXNHOBLIE Npenaparbl
OTINYANNCh BECbMA YMEPEHHbIM JeACTBMEM Ha BbDKMBAHME KYNLTYPbI
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Tabnuua 1. Mpenaparbl, Ans KOTOPbIX NPOAEMOHCTPUPOBAHA NEPCNEKTUBHOCTb NPUMEHEHUS Ans neyenns COVID-19
Table 1. Pharmaceuticals that have shown promise with respect to COVID-19 treatment

WHruéuposanue .
T MexaHu3mbl AeAcTBUs Npu
Coeamnuenne 71 | 22 pau ca. % 0tKa3bl, % Knacc no ATX COVID-19
Compound . ad Sl Refusal, % ATC class Mechanism of action in case of
Viral replication
P COVID-19
inhibition, %
®uHronumon, LO4AA CenexruaHble c'\(ﬂbolfgfoﬂsmzp-zjgzg);?/
o 0,84 | 0,66 55 1,73 uMmyHoaenpeccaHTbl / LO4AA : .
Fingolimod L0 Modulates sphingosine-1-
Selective immunosuppressants
phosphate receptors
BO1AE MpsiMble MHrN6UTOPLI
Aprarpotak 079 | 07 52 5,17 TpoMGuHa / BOTAE Direct VIKrubuposasue TpomonHa /
Argatroban L Inhibits thrombin
thrombin inhibitors
VIHrm6éuTop 0CHOBHOM NpOTEasbl
FlapoMomLK 071 [075 49 2,01 ADTAR Axuonoruki SARS-CoV2 / Inhibits SARS-CoV2
Paromomycin A07AA Antibiotics .
main protease
VHrnéupoBaxne NnpoHNKHOBEHMS
BMPYCOB B KNETKY 4epe3
CD147 TMPRSS2,
A3.MTDOMM”.MH 0,71 | 0,73 50 2,11 SO1AA AHTM(?M.OTV'KM/ NPOTUBOBOCNANNTENBHOE
Azithromycin S01AA Antibiotics y o )
nencteme / Inhibits viral entry via
CD147 TMPRSS2; anti-
inflammatory effect
VHrn6uTop 0CHOBHOM NpOTeasbl
JO5AX [lpyrue npoTnBOBUPYCHbIE
Mapasumpok 1 s-6enka SARS-CoV-2 /
Maraviroc 067077 52 501 npenapaTbl'/'JOSAX Other SARS-CoV2 main protease and
antivirals R
s-protein inhibitor
AO6AH AHTaroHmcTbI
Hanokceron nepugepuyecKknx onuongHbIX briokvpye caAsbiBaHne
Naloxegol 081063 46 272 eLentopos / AOBAH Antagonists SARS-CoV-2 ¢ AT® /Blocks
g peuenTop AN Antag SARS-CoV-2 and ACE binding
of peripheral opioid receptors
Banbnpoesas NO3AG lMpon3BofHbIe XUPHbIX VIMMVHOMOAVAALS /
kucnoTa 0,66 | 0,78 53 3,66 kucnot / NO3AG Fatty acid yHOMoAYnALl
o o Immunomodulation
Valproic acid derivatives
MemaHTiH NO6DX [pyrue npenapatsl NHruéuposaHue E-6enka
M . 0,78 | 0,65 47 0,56 ot aemeHumn / NO6DX Other SARS-CoV-2 / Inhibits SARS-
emantine . )
drugs for dementia CoV-2 E-protein
BpomrekcuH 073 | 07 46 341 R05CB Mykonutukn / WNurnéutop npoteassl TMPRSS2 /
Bromhexine ' ' ’ R0O5CB Mucolytics Inhibits TMPRSS2 protease
[TopaBnseT B3auMoAencTBne
Am6pokcon 073 | 07 46 354 R05CB Mykonutukm / cnaik-6esnka KopoHasumpyca
Ambroxol ' ' ’ R0O5CB Mucolytics ¢ AMN®d / Suppresses coronavirus
spike protein and ACE interaction
JO5AX lpoune npoTUBOBUPYCHbIE
(Datlminmp'asmp 0,79 | 0,63 46 7,29 npenapartbl / JOSAX Other |/|HrVI6I/Ip(.)B.aHI/Ie p.enn.leauMM /
Favipiravir . Inhibits replication
antivirals
A10BK WHrn6utopsl
KOTpaHCnopTepa HaTpus/rKo3bl
g:”;”:i'f"lfz’?r?”” 0,75 | 0,67 52 2,92 SGLT2 / A10BK Inhibitors of ”(":”fg'prgzgﬁgﬂ/
pag SGLT2 (sodium-glucose ytop
cotransporter 2)
TncynbMpam PO3AA Cepocoaepxatimne NHrnéutop OCHOBHOI NPOTEA3bI
e 0,73 |1 0,68 49 3,78 npoayktbl / PO3AA Sulfur- SARS-CoV-2 / Inhibits SARS-
Disulfiram - .
containing products CoV-2 main protease
D07AC KopTukoctepomapl
o [TpoTBOBOCNANMTENBHOE
MeTunnpeaHu3010H CANbHOAEUCTBYIOLINE NeiicTBIE, NOBbILLEHNE
Methylprednisolone 073 | 0.67 49 592 (rpynna ll) OKcUreHauum /,Anti-inflammator ;
yip DO7AC Strong corticosteroids ) . X Y.
(Group Il improves oxygenation
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Ta6bnuua 1 (npogonxenne). Mpenapatbl, AN KOTOPLIX NPOAEMOHCTPUPOBAHA NEPCNEKTUBHOCTb NPUMeHeHUs Ans neveHus COVID-19
Table 1 (continuation). Pharmaceuticals that have shown promise with respect to COVID-19 treatment

WnruéupoBanue .
ST MexaHu3mbl geicTBus Npu
CoepavHeHne 71 | 22 psu ca. ¥ Otka3bl, % Knacc no ATX COVID-19
Compound _Bupyca, % Refusal, % ATC class Mechanism of action in case of
Viral replication
L COVID-19
inhibition, %
AMAHTAZUH NO4BB lNpounssogHble CHuxeHune akcnpeccumn AN®
Al 0,69 | 0,7 47 0,03 afjamaHTtaHa / NO4BB Adamantane 1 Bocnaneus / Reduces ACE
Amantadine L } . .
derivatives expression and inflammation
LIuTpynAuH A13A 06LLeTOHM3UPYIOLLME CHWXeHNEe CUCTEMHOrOo
' py. 0,64 | 0,74 53 4,32 npenapartbl / A13A General BocnaneHusa / Reduces systemic
Citrulline . .
roborants inflammation
PO1BE ApTemMuU3uHWH 1 ero
ApTEMU3NHUH npou3soaHsle, npocton / PO1BE /Hrnéuposanue pennukauum /
S 0,67 | 0,71 49 5,06 o . — S A
Artemisinin Artemisinin and its derivatives, Inhibits replication
simple
CO01CA AapeHepruyeckue y
ToGyTamus 1 FOCDAMUHEDIHECKYE AreHTbI / VHrM6uTOop 0CHOBHOW NPOTEa3bl
. 0,7 |0,68 53 3,82 . SARS-GoV-2 / Inhibits SARS-
Dobutamine C01CA Adrenergic and .
; . CoV-2 main protease
dopaminergic agents
GO3XC CenekTnBHble
basepokcudren 073 | 0.64 49 595 MOJyNATOPbI PeLenTopoB TopMoXXeHue LUTOKMHOBOIO
Bazedoxifene ’ ’ ’ acTporeHa / GO3XC Selective wropma / Inhibits cytokine storm
estrogen receptor modulators
Moaynauus HUKOTUHOBbIX
MupnaocTUrMuH NO7AA AHTUXONMHACTEPa3bI / T
Pyridostigmine 0,67 | 0,69 46 317 NO7AA Anticholinesterases peuentopoB / Modulates nicotine
receptors
CO1EB [ipyrue cepaeyHble
Vi6ynpocper 0,66 | 0,69 54 329 | npenaparsi / CO1EB Other heart CrunkeHute socnanenns /
Ibuprofen Reduces inflammation
drugs
Tepanus conyTCTBYHOLLMX
MeTpoHugason GO1AF lMpou3soaHble MMuaasona 8
Metronidazole 0621073 4 476 / GO1AF Imidazole derivatives uHdpekuui / Treatment of
comorbidities
bnokaga ructammHoBbIX
DamoTuanH A02BA AHTaroHucTbl H2- peLenTopoB, NHrMGUPOBaHME
Famotidizrlle 0,64 | 0,71 46 3,79 peLenTopos / 6enkoB SARS-CoV-2 / Blocks
A02BA H2 receptor blockers histamine receptors, inhibits
SARS-CoV-2 proteins
M?ﬁ:ﬁ;{'}gﬂ?i%i?zgz%zm:b'e Hrnéutop cy6obeantuubl BOAT1
Humecynup 0,69 | 0,67 49 1,55 MECTHOrO NpUMeHeHIs! / peuentopa SARS-CoV-2/
Nimesulide s Inhibits the BOAT1 subunit of the
MO2AA Anti-inflammatory drugs,
) . SARS-CoV-2 receptor
topical non-steroids
TepudpnyHomm LO4AA CenekuigHble VImmyHoMopynsums /
p. y ) A 0,69 | 0,66 48 5,06 UMMyHopenpeccaHTbl / LO4AA y Ay Ll.
Teriflunomide 0 Immunomodulation
Selective immunosuppressants
Linknothocamung LO1AA A30THble aHanoru unputa/ :
Cyclophosphamide 0,68 | 0,66 47 4,85 LO1AA Nitrogen mustards LntonpoTtekuus / Cytoprotection
AueTazonamu SOTEC UuruGuTope LintonpoTekums annTennouuTos /
. A 0,63 | 0,69 47 1,28 kap6oaHruapassl / SO1EC poTeKL —
Acetazolamide o Cytoprotection of epitheliocytes
Carboanhydrase inhibitors
WNurn6utop nonn (AA®-prn603a)
MoNMMepasbl, HUKOTUHOBASA
A11HA fIpyrye npocTble XONMHEePruyeckas cucrema,
HukoTMHamug VHrMOKUpPOBaHKE TONN-NOA06HOM0
Lo . 0,64 | 0,67 45 2,67 BUTAMUHHbIE npenaparbl / "
Nicotinamide . L peuentopa 2 / Inhibits poly
A11HA Other simple vitamins .
(ADP-ribose) polymerase,
nicotine cholinergic system,
inhibits toll-like receptor 2
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Tabnuua 1 (okoH4anme). Mpenapartbl, AN KOTOPbIX NPOAEMOHCTPUPOBAHA NEPCNEKTUBHOCTb NPUMEHEHUS Ans neyenus COVID-19

Table 1 (end). Pharmaceuticals that have shown promise with respect to COVID-19 treatment

WNHruéuposanne _
T MexaHu3mbl AeAcTBUs Npu
CoepaunHenne 71 | 22 psu ca. % Otkas3bl, % Knacc no ATX CoviD-19
Compound . Py 21 Refusal, % ATC class Mechanism of action in case of
Viral replication COVID-19
inhibition, %
NO7XX Opyrue npenapatsl ang | lMojasneHue nepefadqu CUrHanos
D,.MM(aTmnd)ymapaT 06 | 0,7 47 2,33 HepBHOM cuctembl / NO7XX Other | NRF2 / Suppression NRF2 signal
Dimethyl fumarate o
nervous system drugs transmission
XHOpOXMH 0,66 | 0,63 46 3,44 PO1BA AMMHOXMHOHI{IHH /PO1BA HenssecTHbl / Unknown
Chloroquine Aminochinolines
Jrtonosm LOTCB Mpou3zopHsie TopmMOXKeHUe LLIUTOKMHOBOTO
A 0,62 | 0,62 48 4,90 nogochunnotokcuta / LO1CB p 16 LATOKA:
Etoposide . R wropma / Inhibits cytokine storm
Podophyllotoxin derivatives

Tpumeyanne. 21, 22 — 3Ha4eHus Z-6anna Ans [Byx HE3aBUCUMbIX 00Y4aroLynx BbI60POK 3KcrnepumMeHToB. OTKa3bl — POLEHT NAUNEHTOB, OTKA3aBLUMXCA OT Npuema npenapara
BCJIEACTBUE TEX UIU UHbIX MO60YHbIX 3¢DhekTOB. ATX — aHaTOMO-TepanesTuYecko-xummyeckasn knaccugpmkauyns, AN® — aHrnoteH3nHnpespatyaoymi oepment; A — ageHo3nHan-
chocapar. lpenaparsl ynopsf04eHbI Mo yObIBaHMIO 3HAYEHMIT CyMMbl Z1 + Z2. CCbIIKM, MOATBEPX[AOLLNE YKA3AHHbIE MEXAHN3MbI JEICTBUSA, PUBELAEHLI B TEKCTE CTATb.

Note. Z1, 72 — Z-score values for two independent training sets used in the experiments. Refusal — percentage of patients who refused to take the pharmaceutical due to side effects.
ATC - Anatomical, Therapeutic, and Chemical Classification; ACE-angiotensin converting enzyme; ADP — adenosine diphosphate. Pharmaceuticals are ordered by Z1 + Z2 (descending).

References to show the mechanism of action are given in the article text.

MH(ULMPOBAHHbLIX KOPOHABUPYCOM KIeTOK. B T0 e Bpems 6bina no-
KasaHa 9 (PeKTUBHOCTb U BbICOKass 6630MacHOCTb NPOTUBOMANAPUIA-
HOro apremuanHnHa ans nedexns COVID-19 [60].

[ns HekoTOpbIX MpenapatoB, MEpeyMcieHHbIX B Tabnuue 1, He
ObININ YCTAHOBMEHbI TOYHbIE MEXaHU3Mbl MONEKYNSPHOrO AeNCTBUSA
npun COVID-19. Tem He MeHee OHW UCMOMb3YKTCA B Tepanun Kopo-
HaBUPYCHON MHEKLMW. B COOTBETCTBUN C pesynbraTamit HacTosLLe-
ro UCCneaoBaHus Takme npenaparbl MOryT o6nagatb OnpeaeneHHoi
NPOTUBOBUPYCHOI aKTUBHOCTbIO MO OTHOWeEHW0 K SARS-CoV-2. Tak,
nupngoCTUrMUHa 6POMYL NPUMEHSETCH AN CHKEHUS CMEPTHOCTM
1 HEeOOXOMMOCTN Ha3HAYEHUS UCKYCCTBEHHON BEHTWUAALMM NErKnX
y B3pOCAbIX C THKenoi uHdekumen SARS-CoV-2 [61]. Ona npodou-
NaKTUKN  AMCCEMWUHNPOBAHHOrO BHYTPUCOCYAMCTOrO CBEPTbIBAHUSA
npu COVID-19 npumeHsieTca apratpobax [62], nns npodunakTuku
0CTPOro NnoBpexaeHns novek — ayerazonamug [63]. ImmyHomopyns-
TOpHble 3pdekTbl npu COVID-19 6binn 0TMeYeHbI NS BasibpoeBoi
Kunenotel [64], ynknogpocgpammga [65], ganarnmgpnosnna [66].

MoMUMO NeKkapCTBEHHbIX CPEACTB C MOATBEPKAEHHbIM ENCTBUEM
Ha COVID-19 HacTosALNiA CKpUHUHT Bblgenun 33 npenapara, nepcnex-
TuBHbIX Ans Tepanuu COVID-19. Onn oTHOcATCA K 29 py6pukam ATX:
NPOTUBOBMPYCHbIE Mpenapatbl, CPEACTBA OT Kals, aHTUTMCTaMMH-
Hble CPeAcTBa 1 Ap. (Tabn. 2).

Cnefmyet OTMETWTb, Y4TO CPeAM NMepCneKTUBHbIX CPeACTB NpeAcTaB-
NeH pag MUKPOHYTPUEHTOB (6eTa-KapoTUH, PETUHON, THOKO3aMUHa
cynbar u ap.). bonee AeTanbHbIi aHANN3 PE3yNbTaTOB CKPUHMHIA
nokasasn, 4to ang acpdekTnBHON 1 6esonacHoi Tepanun COVID-19
MOTYT NPUMEHATBCA 20 MUKPOHYTPUEHTHBIX Npenapartos (Taén. 3).

MpoTuBOBMPYCHbIE CBOICTBA MUMKPOHYTPUEHTOB / Antiviral properties
of micronutrients

[eTanbHblii aHann3 MONeKynApHbIX MEXaHW3MOB U NepCreKTuB
1CNONb30BaHNS MUKPOHYTpMeHToB npu COVID-19 npeactasnex B Mo-
Horpacpum [1]. Pesynbratbl XeMOPEaKTOMHOIO CKPUHUHIA NokKasanu,
4TO MHOTWE M3 PACCMOTPEHHbIX B Pab0Te MUKPOHYTPUEHTOB MOTYT
NpoABAATL NPOTUBOBUPYCHbIE CBONCTBA.

Hanpumep, curHanbHble Kackagbl C BOBEYEHWEM PETUHOWLOB
BXHbI /11 KOHTPONA penankauum BUpycoB UMMYHHOI CUCTEMOI Op-
raHM3ma-xo3snHa [2]. B HaCTOALLEM CKPUHUHIE Cpean MUKPOHYTPU-
€HTOB HanbOMbLLUM 3PEKTOM 0TIIMYANNCL BUTamMepbl A — 6eTa-Ka-

POTWH 1 PeTUHON. [TOAYEPKHEM, YTO B XOL€ CKPUHMHIA OLEHNBANOCH
[eNCTBNE BELLECTB HA OAUH BUL KNETOK B KYNbTYPe (3NUTENUOLUTEI).
04eBUAHO, YTO B KY/NbTYpe OTCYTCTBOBAM 1H06bIE APYTiAe TUMbI KNETOK,
B T.Y. KNETKM UMMYHHOW CuCTEMbI. [103TOMY MOXHO MPEANONOXNTb,
4TO NMPOTUBOBUPYCHbINA 3 IEKT BUTaMMHA A MOXKET BbITb 06YCOBNEH
NPAMbIM WHTMOMPOBAHWMEM pennukaumn KopoHasupyca SARS-CoV-2.
Kpome Toro, BuTaMmuH A MOXET IBNATHCA a[anTOreHOM, aKTUBUPYS
PETUHOUAHbBIE PELENTOpbl BHYTPU KNETOK. AKTUBAUNS PETUHOUAHbBIX
peLenTopoB NpuBoauT K perynauum mukpoPHK-10a, y4acteytoLeii
B CUTHANbHbIX NYTAX agantauuu KneTok K cTpeccy [67].

[pyroi npumep: nauneHTbl ¢ COVID-19 nMetoT HU3KNe KOHLIEHTpa-
UMM LMTPYNANHA B Nia3me, KOTOPbIe CBA3AHbI C CUCTEMHbIM BOCMaA-
NeHNeM, 0COBEHHO Y 6OMbHbIX C XKENyA0YHO-KULLIEYHBIMU CUMNTO-
mamn COVID-19 [68]. LiuTpynnuH, y4acTByIOLMIA B 9HEPreTUYECKOM
MeTab0nm3me KNeTok, MOXeT ABNATLCA M afanTOreHoM, U NpsAMbIM
VHrMOUTOPOM penyiMKaumm KopoHaBmpyca. XeMOpeakTOMHbIA aHanu3
yKaszan Ha NpOTMBOBOCNANNTENbHbIE, aHTUKOAryNSHTHbIE, FMNONKe-
MUYECKIE, aHTUXONECTEPUHEMUYECKNE W aHTUBAKTEpUAnbHble CBOI-
CTBa UMTpynnuHa [69], KoTopble Takxe BaxHbI Ans Tepanun COVID-19.

Cpefy «aHTUKOPOHABUPYCHBIX» MWKPOHYTPUEHTOB HAUIY4LLMM
npodunem 6e30MacHOCTY 0TIMYancs rko3amuHa cynsdar (FC) (cm.
1a6n. 3). I'C n xoHapouTuHa cynbgat (XC) ABnATCA MHrMbUTOpaMu
CUTHaNbHOro Kackaga sgepHoro dpaktopa NF-kB. [laHHbIW Kackag
y4acTByeT B peanu3auuu 61U0noruyecknx 3geKTos nposocnanu-
TENbHOTO LMTOKMHA ((hakTopa Hekposa onmyxonu anbgha, ®HO-anb-
(ha), n36bITO4HAA aKTUBHOCTb KOTOPOr0 CBA3aHa C (POPMUPOBaHNEM
UMTOKMHOBOrO LWTopma npu COVID-19. CunepreTtuyecknii adpdpekr C
1 XC B OTHOLUEHMM MexaHu3Ma peann3auni LMTOKWHOBOrO LUTOPMA
npu GOVID-19 cBsi3aH €O CNeytowWwnuMm MeXXMONeKynsapHbIMK B3au-
MOZENCTBUAMM, BbISBNEHHbIMI C MOMOLLBI0 (hapMakKonpoTEOMHOr0
aHanu3a. XC BbI3blBAaeT MPOTMBOBOCNANUTENbHbIA 3hEKT 3a CYeT
BOB/eYeHUs MembpaHHbIX peuentopos (CD44, TLR4 n ICAM1). Ces-
3biBasicb ¢ CD44, OH MOXeT MOAynupoBaTb (PaKTOpbl TPAHCKPUM-
uuu, Takue kak NF-kB, Takum 06pa3om 6/10KMpys NpoBOCnanUTeNb-
Hble CUTHaNbHbIE NYTU C NOAABMEHNEM AKTUBHOCTW FEHOB-MULLEHEN
(ADAMTS, MMP, IL-1b, iNOS) [70]. G. Campo et al. npogemMoHCTpK-
posanu, 4to XC MOXeT [eicTBOBaTbH Ha TONMN-MOAOGHbLIA peLenTop
(TLR) 4, nHrn6upys nposocnanutenbHble LMTOKUHLI MyD88, u peuen-
Top ®HO-anbha (TRAF) 6 nocpeAcTBOM MHIMOUPOBAHUS aKTUBALMUM
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Tabnuua 2. MepcnekTuBHbIE Npenaparbl Ans nevequs COVID-19
Table 2. Promising medications for COVID-19

WuruéupoBanue
[leiicTByIOLLEE HAYaNo 71 79 p::""::lf;" 0T1Ka3bl, % Knacc no ATX
Active ingredient . my o Refusal, % ATC class
Viral replication
inhibition, %
G04BD JlekapcTBa OT y4aLLEHHOr0 MOYeUCNyCKaHNs
ConudpeHaumn / Solifenacin | 0,88 | 0,76 54 5,68 1 HefepxkaHns moun / GO4BD Frequent urination and urinary
incontinence drugs
KcumenaratpaH / BO1AE lNpsamble MHIMOMTOPLI TPOMOUHA /
Ximelagatran 0821 081 56 347 BO1AE Direct thrombin inhibitors
) ROBAX [pyrue aHTUrMCTaMUHHbIE Npenaparbl CUCTEMHOIO
d6actuw / Ebastine 0871073 57 6,00 npumeneHus / RO6AX Other systemic antihistamines
Kondocepun nansmutar / RO7AA Jlero4Hble cypakTtaHTbl /
Colfosceril palmitate 0871071 58 315 RO7AA Pulmonary surfactants
Linknuaux, kombuHauum / 0.86 | 0.72 53 135 ROGAE lMpon3BoaHble nunepasuHa (aHTUrMCTaMmHHbIE
Cyclizine, combinations ’ ’ ’ cpenctea) / ROGAE Piperazine derivative (antihistamines)
bera-kapotuH / 3-carotene | 0,83 | 0,74 53 3,20 A11CA ButamuH A / A11CA Vitamin A
. AO03AX Lpyrue npenapartsl ana XKT /
®ennunpan / Fenpiprane 081 10,77 59 1,99 A03AX Other gastrointestinal drugs
, . NO7CA Mpenapatbl OT rONI0BOKPYXeHNS /
LinHHapuawnh / Cinnarizine 0,87 | 0,71 53 1,63 NO7CA Drugs for vertigo
Tenponuk / Deptropine 0.85 | 0.71 54 456 RO6AX [pyrue aHTUrncTamMuHHbIE npenaparbl CUCTEMHOIO
P ptrop ’ ' ’ npumeHenns / RO6AX Other systemic antihistamines
[TpeHokcamasuy / RO5DB [Ipyrue cpefcTsa OT Kawwns /
Prenoxdiazine 082|074 5 376 R0O5DB Other cough remedies
Mapu6asup / Maribavir 078 | 0.76 49 447 JO5AX [pyrve npomaoawpygﬂble npenapatsl / JOSAX Other
antivirals
) MO3BX lMpo4ne M1openakcaHTbl LLeHTPanbHOro AencTBns /
Tonnepuso / Tolperisone 082 0,71 54 262 MO3BX Other centrally acting muscle relaxants
JInannonpun / Lisinopril 0,68 | 0,83 55 2,71 CO9AA Nurunéutopel AM® / CO9AA ACE inhibitors
. MO3BX lMpo4ne MUOpenakcaHTbl LLeHTPaNbHOro AencTBns /
dnepuson / Eperisone 082 0,69 54 2,62 MO3BX Other centrally acting muscle relaxants
PetnHon / Retinol 0,77 | 0,74 51 5,33 A11CA Butamun A / A11CA Vitamin A
) AO08AB CpefcTBa OT 0XXMPEHNS Nepudepuyeckoro aencTeus /
Opnucrar / Orlistat 073 10,78 53 318 AO08AB Medications for peripheral treatment of obesity
Bpomnepugon / NO5AD [lMpon3soaHble 6yTUpodeHoHa /
Bromperidol 085 | 0,65 54 3,34 NO5AD Butyrophenone derivatives
Kymnnanpun / Quinapril 0,82 | 0,68 52 3,48 CO9AA Nurunéutopel AM® / CO9AA ACE inhibitors
5!A66H30HME 6p0M|{|,u/ 077 | 0.73 56 3.55 RO5DB [pyrue cpeacTsa 0T Ka.LIJJ'IFI / R0O5DB Other cough
Bibenzonium bromide remedies
. C01BD AHTnaputmunyeckue cpefcrsa, knacc Il /
neytunug / Ibutilide 0,81 0,67 56 3,04 C01BD Antiarrhythmics, Class Il
®eHdopmun / Phenformin | 0,80 | 0,69 53 3,86 A10BA buryanngsl / A10BA Biguanides
Tpamagon / Tramadol 0,72 | 0,76 53 5,58 NO2AX Opyrve onnouabl / NO2AX Other opioids
MO1AE lMpou3BoaHble NPONUOHOBON KUCNOTbI /
®exonpodeH / Fenoprofen | 0,76 | 0,71 54 4,25 MO1AE Propionic acid derivatives
e A10BX [dpyrve npenapatbl Ans CHUKEHUS YPOBHSA IMHOKO3bI
Mururnusua / Mitiglinide 0.74 10,72 5 405 B kposwu / A10BX Other blood glucose reducing agents
OpoToBas kucnota / A14BX [pyrve aHabonn4eckme areHTbl /
Orotic acid 0711071 4 6,01 A14BX Other anabolic agents
Mungponar / Mildronate 0.70 | 0,70 49 0.23 CO1EB IMpoune npenapatbl Ans neveHns 3a60neBaHNi

cepaua / CO1EB Other heart drugs

®APMAKO3KOHOMIIKA. Cosp ®ap

)3KOHOMMKa 1 PapMaKc

norus. 2021; Tom 14, Ne 2
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Tabnuua 2 (okoH4aHue). MepcnekTuBHbIE Npenapatbl ans neveHus COVID-19
Table 2 (end). Promising medications for COVID-19

WNHruéuposanue
[eiicTyloLlee Ha4ano 71 | 22 p::""::l!;" OTKasbl, % Knacc no ATX
Active ingredient . Py e Refusal, % ATC class
Viral replication
inhibition, %
PumarTaguh / Rimantadine | 0.66 | 0,72 0.48 147 JO5AX Tpoyme NpOTVIBOBMPYCHbIE Npenaparbl / JO5AX Other
antivirals
) NO7XX lMpo4ne npenapathbl AN neveHns 3a6oneBaHuii
Mekcugon / Mexidol 063 | 0.75 52 3,25 HepBHOM cuctembl / NO7XX Other nervous system drugs
Lurpynnu / Citrulline 0,64 | 0,74 53 432 A13A 061eToHn3upytoLme npenapatbl / A13A General
roborants
Areronon / Atenolol 0.70 | 0.67 53 547 C07AB beta-6nokatopl, CeﬂeKTII/IBHbIe / CO7AB Beta blockers,
selective
i ) G02CX Lpyrue npenapatbl 415 NPUMEHEHUA B TMHEKONOrum /
bera-ananuH / 3-alanine 0,63 | 0,73 47 0,46 G02CX Other drugs for use in gynecology
[MI0KO3aMUH CyNbchar / MO1AX lpoyne HecTepouaHbIe NPOTMBOBOCNANIUTENbHbIE
H CY. 0,62 | 0,74 47 0,43 npenapartbl / M01AX Other non-steroidal anti-inflammatory
Glucosamine sulfate
drugs
H.VIKO.TVI.HOBa.FI Kucnota / 0,62 | 0,67 44 352 G10AD HI/IKOTI/I.HOB.aﬁ ch_nom " nplomgao,qule / G10AD
Nicotinic acid Nicotinic acid and derivatives

lpumeyanne. Z1, 22 — 3HaqeHns Z-6anna s ABYX HE3aBUCUMbIX 00yYaoLmx BbIGOPOK IKCnepumeHToB. OTKa3bl — MPOLEHT MALNEHTOB, 0TKA3aBLUNXCA OT MPUeMa npenapara
BC/IGACTBAE TEX U UHBIX MOBOYHBIX 3¢hheKTOB. ATX — aHaTOMO-TepaneBTnyecko-xummyeckas knaccugpmkayns; XKT — Xeny[04HO-KuLwe Hbii TpakT; AlI® — aHrnoTeH3nHnpespaLya-

roLymi ghepmeHT. [lpenapatel yrnopsa04eHsl M0 yObIBAHUIO 3Ha4eHM cymmbl Z1 + Z2.

Note. Z1, 22 — Z-score values for two independent training sets used in the experiments. Refusal — the percentage of patients who refused to take the pharmaceutical due to side
effects. ATC — Anatomical, Therapeutic, and Chemical Classification; ACE-angiotensin converting enzyme. Pharmaceuticals are ordered by Z1 + Z2 (descending).

NF-kB [71]. TC npoHMKaeT B KNETKW C MOMOLLbIO NEPEeHOCYMKOB
rMoKo3bl. Mlocne NornoLieHns Knetkamm ak3oreHHsln G docdopu-
nnpyetcs B ['C-6-chocdat, KOTOpbIA BNOCNEACTBUN BCTYNaeT B NyTb
610CUHTE3a reKco3amMmuHa 1 reHepupyeT 06pa3oBaHne ypuanHandoc-
to-N-auetunrniokozamuHa  (YOAD-N-auetunrnokosammHa), ABsto-
Lerocs cy6cTpaTtoM [N CUHTE3a MpPOTEOrNIMKAHOB, MMUKONMNNL0B
1 TNKONPOTEMHOB W AN aUMANpPOBaHUs BENKOB Yepe3 06paTumMyto
(bepmMeHTaTUBHYIO NOCTTPAHCNALUMOHHYID MOANUKALMIO BEeTa-MInKo-
3UAHON CBA3LID MEXAY rMAPOKCUbHOI Fpynnoi 60KOBbIX Lieneil ce-
pWHA UK TPeoHNHA 1 N-aLeTUNrmioKo3amMuHOM. 'C CHUXAET aepHyLo
TpaHcnokaumio NF-kB u ycTpaHsieT TpaHCKpMNUWio reHOB-MULLEHEN
C MPOTEONUTMYECKON M NPOBOCNANIUTENbHON aKTUBHOCTbIO. CriefoBa-
TeNbHO, NePCNeKTUBHbLIM ABNAETCA XeMOPeakTOMHbIN aHanu3 XC B Ka-
4eCTBE MEPCMEeKTUBHOM MOJNeKynbl Ans npumeHeHns npu COVID-19,
a TaKxKe A5 nonyyeHns cuHepretndeckoro agpdekta MC n XC B 0THO-
LUEHWI UATOKMHOBOI akTMBHOCTM npu GOVID-19.

XOpOLLO U3BECTHBIN aHTUKOArYNAHT renapuH, BecbmMa 6u3Knii no
CBOEN XNMUYeCKoil CTPYKType K XC (B ero COCTaB Takxe BXOANT IIio-
KO3aMWH), NpOsBUN KpaiHe BbICOKYH ath@UHHOCTb K CBA3bIBAHMIO
cnaiik-6enka kopoHaesupyca SARS-CoV-2: yCTaHOBNEHHOE 3HAYeHMe
KOHCTaHTbl AMCCOLMALMN NEXUT B CYOHAHOMOJNIAPHOM [AuanasoHe
(10-11 mone/n) [72].

IC MOXeT nposBAATb CWUHEPrU3M C APYrUMU JEKapCTBEHHbIMM
CPEACTBAMU C NMOATBEPXAEHHbIM MEXaHW3MOM AEeiCTBMSA B OTHOLLE-
Hum COVID-19, nmepcneKTUBHbIMW JIeKapCTBEHHbIMK Npenapatamu
1 MUKDOHYTPWEHTaMK, BbIAENIEHHbIMA B X0Je XeMOPeakTOMHOro
aHanu3a, npy Ha3Ha4eHun B COCTaBE PEXMMOB NIEKAPCTBEHHON Mpo-
tunaktukn COVID-19 Ha ambynatopHO-NONUKANHWYECKOM 3Tane
1 3Tanax peabunauTaunn, a TakxKe Cnoco6CTBOBATL CHIDKEHNIO TsXe-
CTW TEYEHMS KOPOHABNPYCHOM NHDEKLMM Ha CTAaLNOHAPHOM 3Tane fe-

yeHud [73]. Mpumepom cuHepriama ghapmMakonornyeckoro acpdekra
B OTHOWeHNN SARS-CoV-2 4BnsieTcs KOMOMHMPOBAHHbLIA NPUEM aH-
TMOMOTMKA a3UTPOMMLMHA (C MOKa3aTeNeM WHIrMOGMPOBaHUS penmnKa-
unn Bupyca 50%) n xongponpotektopa C (¢ nokasarenem WHrubu-
pOBaHNA pennukauun Bupyca 47%), ABNAIOWIErocs NepenekTUBHbIM
NeKapCTBEHHbIM CPEACTBOM A NPUMEHEHNS MO HOBOMY MOKa3aHUI0
«COVID-19».

ABTOpbI 3KCMEPUMEHTANbHbIX UCCNEA0BAHUIA NOKa3anu, YTo B Ku-
HNYECKN 3HAYUMbIX KOHLEHTPALMAX a3UTPOMULMH MOXET NOBbILIATH
cnocobHocTb PHK-BMpycOB WMHAYLMPOBATL CUHTE3 UHTEPEpOHa
1-ro TMNa 3a CYET YCUEHNS 3KCNPECCUM aKTUBUPOBAHHOTO BUPYCOM
6enka 5-ro Tuna, cBA3aHHOrO ¢ ANMEPEHLNPOBKOI KNETOK Mena-
HOMbI (aHrn. melanoma differentiation-associated protein 5, MDAS).
113BecTHO, 4TO 06paTMmas (pepMeHTaTMBHAA MOCTTPAHCAALNOHHAS
Moaudnkauns 6eTa-rmuKO3UAHOA CBA3bKD MEXAY TMAPOKCUMBLHOI
rpynnoi GOKOBbIX Lieneid CepuHa Unnm TPeoHWHa n N-aLeTunrioko-
3aMMHOM MUTOXOHJPWANTLHOrO aHTUBUPYCHOrO CUrHanbHOro 6enka
(aHrn. mitochondrial antiviral-signaling protein, MAVS), asnstoLlero
MuLeHbto ans 6enka MDAS, ysenunyusaeT 3y eKTUBHOCTb MHAYKLMN
nHTepcepoHa 1-ro Tuna. BeefeHne BbICOKNX 03 IMOKO3aMuHa (3 1
2-3 pasa B [ieHb) akTusmpyet o06patumyto (hepMeHTaTUBHYK MOCT-
TPAHCMAUNOHHYIO MOANGUKAUMIO 6eTa-TMMKO3UAHOMA CBA3BID MEX-
[y TMOPOKCUIbHOW rpynnoil 6OKOBbLIX Lienel CepuHa unu TPeoHWHa
n N-auetunrnioko3amuHom MAVS 3a c4eT yBenuyeHus KNeToqHOro
nyna YO®-N-auetunrntoko3amuna [74]. CnefosatensHo, npeanara-
€TCS COBMECTHOE BBEJEHME a3UTPOMULMHA 1 BbICOKMX A03 G Ha paH-
Hel ctagum uHduumposanns PHK-supycom SARS-CoV-2, KoTopble
BC/EACTBME CMHeprusma hapMakosiornieckoro apekra Ha ypoBHe
MeXaHu3Ma [JeiCcTBUS YBENMYMBAKOT WHAYKUMIO MHTepdepoHa 1-ro
TNa NyTem akTueaLum akTuBHocTn Kak MDAS, Tak n MAVS.
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Tabnuua 3. MyKpOHYTPUEHTHbIE NpenapaTbl, NoKa3aBLUNe NPOTUBMPYCHOE AeiicTBINE NPOTUB MHAeKumeid SARS-CoV-2

Table 3. Micronutrients with a demonstrated antiviral effect against SARS-CoV-2

WHrubnposanue
neﬁcTva_mee Havano 71 | 2 71472 p::::::’llzﬁ Otkasbl, % MMI.(IJOHVTD_MBHT
Active ingredient Viral replication Refusal, % Micronutrient
inhibition, %
berta-kapoTuH / B-carotene 0,83 [ 0,74 1,58 53 3,20 ButamuH A / Vitamin A
PetuHon / Retinol 0,77 [ 0,74 1,51 51 5,33 ButamuH A / Vitamin A
Tokodpepon / Tocopherol 0,81 [ 0,64 1,45 52 3,28 Butamuu E / Vitamin E
Ivdroumeareane |07 [073| 144 5 1165 T droymatiresnol
Opotosas kucnota / Orotic acid 0,71 (0,71 1,42 47 6,01 OpoToBas kucnota / Orotic acid
MaHTetuH / Pantethine 0,72 | 0,66 1,38 50 4,31 Butamun B5 / Vitamin B5
UnTpynnun / Gitrulline 0,64 [ 0,74 1,38 53 4,32 Untpynnus / Citrulline
TuokTtoBas kucnota / Thioctic acid | 0,68 | 0,69 1,37 48 2,67 TuokToBas kucnota / Thioctic acid
bera-ananuH / 3-alanine 0,63 [ 0,73 1,36 47 0,46 bera-ananuH / 3-alanine
gqlﬁzzza%niﬁzasﬁmﬁg)ar/ 062 | 0,74 136 47 0.43 [nioKo3amuHa c;slﬂnlafgatzﬂ Glucosamine
Buotun / Biotin 0,58 | 0,75 1,33 48 4,51 Butamun H/ Vitamin H
flonoyHas kucnota / Malic acid 0,58 | 0,74 1,32 51 4,63 flonoyHas kucnota / Malic acid
AlHTapHas kucnota / Succinic acid | 0,64 | 0,68 1,32 49 2,06 flHTapHas kucnota / Succinic acid
HukotuHamup / Nicotinamide 0,64 | 0,67 1,31 45 2,67 Butamuu PP / Vitamin PP
Kanbuutpuon / Calcitriol 0,68 | 0,57 1,26 47 2,32 Butamun D3 / Vitamin D3
Anbthakansungon / Alfacalcidol 0,63 | 0,58 1,21 49 1,41 Butamun D3 / Vitamin D3
MupunaokeuH / Pyridoxine 0,60 | 0,60 1,20 44 4,91 Butamun B6 / Vitamin B6
éﬁgfe"é’;z#e”g’fp‘m/ 062|058 1,20 49 2,07 Butamu D3 / Vitamin D3
Pu6ochnasuH / Riboflavin 0,56 | 0,58 1,14 43 5,90 Butamun B2 / Vitamin B2
Tuamun / Thiamine 0,53 | 0,60 1,12 43 5,42 Butamuu B1 / Vitamin B1

Npumeyanne. Z1, 22 — 3Havenus Z-6anna ans AByx He3aBncumbix 00y4qaroLynx Bol60poK akcrnepumeHToB. OTKa3bl — MPOLEHT NaYNEHTOB, OTKA3aBLUMXCA OT npuema npenapara
BCNEACTBNE TEX UIM UHbIX MOB60YHbIX I¢hehekTOoB. [Tpenapars! ynopsg04eHs! Mo yobIBaHUIO 3Ha4eHni cymmbl Z1 + Z2.

Note. Z1, Z2 — Z-score values for two independent training sets used in the experiments. Refusal - the percentage of patients who refused to take the pharmaceutical due to side

effects. Pharmaceuticals are ordered by Z1 + Z2 (descending).

XemopeaKkTOMHbIE OLEHKU BO3AEACTBUSA MUKPOHYTPUEHTHbIX
1 (hapmaKonoruyeckux NpenapaToB Ha BUPOM YesioBeKa /
Chemoreactome estimates of how the micronutrients and
pharmaceuticals affect the human virome

Kak 6b1510 0TMEYEHO BO BBEZIEHNU, OLieHKa BO3JENCTBUA HA BUPOM
YenoBeKa ABMAETCA BXKHON COCTABNAOLLEN OLEHKN 3(PEKTUBHOCTH
11 6€30MaCHOCTM CPEeACTB, HANPaBIIEHHbIX HA Tepanuio/NPomUNaKTUKy
nHpekumm COVID-19. NHGOpMaLMOHHAsA TEXHONOTUS XEMOPeaKTOM-
HOr0 aHanM3a no3BOoNfeT OLEeHNBaTh 3(PEKTbI PA3ANYHBIX BELLECTB
Ha Pa3nn4Hble KOMMOHEHTbI BUPOMA C JOCTATOYHO BbICOKOW TOYHO-
CTbH0 (CpefHee Mo BUPOMY 3Ha4eHne KoadhduumeHTa Koppensuum
MeXJy PacCHUTAHHbIMU W 3KCMEPUMEHTANbHO ONpefeNneHHbIMU 3Ha-
YEHUAMU PA3NNYHBIX GUONOrMYECKUX KOHCTAHT Ha 250 TECTOBbIX Bbl-
6opkax cocrasuno 0,80).

B xofe XeMOpeakTOMHOro aHanusa BO3[ENCTBNA HA BUPOM psaa
MUKPOHYTPUEHTHbIX 1 (DAPMAKONOTMYECKUX MPEenapaTtos OLEHUIN
NPOLEHT WHIMOMPOBAHMS pPenniukauun BUPYCOB, KOHCTaHTbl EC50
1 1C50 NpOTMBOBNPYCHOI aKTUBHOCTY, @ TaKXXe YPOBHI cuHTe3a ATD
B KreTkax Nuuui Vero B KynbType. B uccrefoBaHun cpasHunu ag-

(hekTbl BO3AEMCTBUA HA BUPOM psafa NPOTUBOBUPYCHLIX Npenaparos
(aTasaHasup, mMapubasup, Tenanpesup) U paga MUKPOHYTPUEHTOB
(6eTa-kapoTUH, TOKOGEPO, LUTPYIIINH, HUKOTUHAMUA, TMOKO3aMUHA
cynb@ar). CTatucT4ecku LOCTOBEPHbIE OTNMYWA AN WCCHeL0BaH-
HbIX Mpenapatos 6blIX YCTaHOBMEHbI Ans 33 wrammos 16 BUpPYCOB,
BXOASALLUNX B (OU3MONOrMYECKNIA BUPOM, T.e. BUPOM 3[0POBbIX Nt0AeN
(uMTOMeranoBmpyc, BUpyc dnwiTeiiHa—-bappa, ageHoOBMpPYC, BUPYChI
renarura, repreca, nanunnIoMasupyc YenoBeka, Bupyceol Jlacca, napa-
rpunna, pecnnpaTopHoO-CUHLUMTMANbHBIA BUpYC U ap.). Cpeawn uccne-
[OBaHHbIX MOJIEKYN HaWMeHbLIUM BO3JENCTBUEM HA (hU3NONOrnye-
CKWIA BUPOM OT/IMYANCA rH0KO3aMMHa Cynbgar.

AHanma KOHCTaHT NPOTMBOBUPYCHOM akTneHocTi EC50 1 IC50 (KoH-
LieHTpaumn, npu KoTopbIX focturaetcq 50% nccnepyemoii akTuBHO-
cTn) (puc. 4) nokasan, 4To UCCNEL0BaHHbIE MONEKYbl B HANBONbLLEN
CTEMeH MHrMbmpoBany LMTOMEranoBuUpyc 4YesrioBeka W LUTaMMbl BU-
pyca npoctoro repreca 1-ro Tuna (MeHbLUWe 3HAYEHU KOHCTAHT CO-
OTBETCTBYIOT 60JIbLUEMY NPOTUBOBUPYCHOMY 3PEKTY). B HaumeHb-
LUei CTeNneHn UCCesoBaHHbIe MUKPOHYTPUEHTbI BO3LENCTBOBANMN Ha
RS-Bupyc. B cpeHem no BCEM MCCNELOBAHHbLIM LUTAMMAaM 3HA4eHUs
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PucyHoK 4. XeMOpeaKTOMHbI aHanu3 KOHCTAHT NPOTUBOBUPYCHOI akTuBHOCTH EC50 (a) 1 IC50 (b) psiaa MUKPOHYTPUEHTOB 1 NPOTUBOBMPYCHBIX NPenapaTos N0 OTHOLLIEHINIO

K KOMMNOHEHTaM BUpOMa YenioBeka

Figure 4. Chemoreactome analysis of antiviral activity constants EC50 (a) and IC50 (b) of several micronutrients and antiviral drugs with respect to the human virome

KOHCTAHT 6binn Haubonbwmumu ans C: 3HavyeHue 1IC50 cocTasuno
1860 HM (ocTanbHble Monekynbl — 849-2041 HM), a EC50 — 49 mkr/mn
(ocTanbHble Monekynbl — 31-52 Mkr/mn).

XeMopeakTOMHbIA aHann3 BO3LENCTBUS UCCEA0BAHHbIX MOSIEKYN
Ha VHrMbupoBaHue pennukauuyu BMpycoB u cunted ATO B KneTkax
nuHuK Vero B KynbType (puc. 5) noarsepaun, 4o I'C otnmyaetcs mMu-
HUMamnbHbIM NOAABNEHNEM UCCNEA0BAHHbIX KOMMOHEHTOB BMpOMA
yenoseka. CpeaHne No BUPOMY 3HA4YeHNS OLEHOK WHTMONPOBaHMS pe-
nnukaumn gns I'C coctaBunm 34% (octanbHble Moniekynbl — 34...48%),
a CpefHMe 3HA4eHMst OLEHOK BO3AeiicTBMS Ha cuHTe3 ATD ans C —
44 y.e. (ocTanbHble Monekynbl —42...69y.e.).

lpochunakTMKa KOpOHABMPYCHOI MHGDEKLUK Yy NoXunbIX / Prevention
of coronavirus infection for older adults

Ha Haw B3rnsag, Hanbonee npuemnembie ans tepanum COVID-19
npenaparbl 4O/MKHbI MaKCUManbHO MHIMOUPOBATL aKTUBHOCTL BUPYCA
SARS-C0V-2 1 MMHMMaNbHO — KOMMOHEHTbI BUPOMA 3L40POBbLIX J1t0-
Jeli. 3T Tpe6oBaHNA Hapsay ¢ MUHUMNU3aLUei No604HbIX 3 (eKTOB
(cm. puc. 3) COOTBETCTBYIOT KpUTEPUAM BbiGOpa NpenapaTos, Ha3Ha-
4aeMbIX MOXWU/bIM NALUNEHTaM B PaMKax KOHLENLMN Tak Ha3blBaemon
reponpoTekunn (T.e. YBENUYEHUA NPOJOSKUTENBHOCTU U KavecTsa
Xn3uu) [75].

[na reponpoTekLmMn BaXKHbl afieKkBaTHas AveTa, ABWUraTefibHas ak-
TUBHOCTb W pauNOHANbHbIA BbIGOP (DapMakonornyeckux npenapa-
TOB (BO M36€xaHue ATPOreHHbIX Neperpy3ok CUCTeM LeTOKCUKALMM
1 BbiBeLeHuUs). Mpn Ha3Ha4eHU NEKApPCTBEHHbIX CPELCTB NaLueHTam
NOXWIIOro Bo3pacTa creayeT Bbl6UpaTh npenapatbl: 1) ¢ Makcumanb-
HbIM HabopPOM MONOXUTENbHLIX 3 MEKTOB (MYNbTUTAPreTHOCTD),
2) C MUHUMATTbHBIM CMEKTPOM N0604HbIX 3 eKTOB, 3) cnoco6CTBY-
l0LLMe 3aMefNIEHUI0 TEMMOB KJIETOYHOr0 M TKAHEBOIO CTapeHus. Takue
npenaparsl 6yoyT 0TAANATL (DOPMUPOBAHME XPOHUYECKUX KOMOPOUA-
HbIX NATOMOrMIA, aCCOLMMPYEMbIX C NOXWIbIM BO3PACTOM [75].

B pamkax reponpOTeKTOPHOr0 Mofaxofa K hapmakoTepanun Mak-
cMManbHas 6e30MacHOCTb U BO3MOXHOCTb ANUTENBHOTO NPUMEHEHNS

npenaparos ropasgo 60see BaXHbl, 4eM UX BbICOKAsA 3PEKTUBHOCTb
Ha (DOHE BbIPXKEHHbIX MOBOYHbIX 3PPeEKTOB. C ITON TOYKN 3peHMs
pe3ynbTatbl HACTOALLEr0 XeMOPEaKTOMHOrO aHanu3a no3BONAKT
yTBEpXaaTh, 4T0 I'C, Xapakrepuaytowmiics 1) ymepeHHbIMU NpOTU-
BOBMPYCHbIMW 3dhpeKkTamu, 2) MUHUMYMOM MOBOYHbLIX LEeACTBUIA
1 3) MUHUMANbHLIM BO3LENCTBUEM HA BUPOM 3[0POBOr0 Yesi0BeKa,
MOXET MpefCcTaBnAaTh CO60M BXHbIA KOMMNOHEHT NpOrpammM AOnro-
BPEMEHHON NPONIAKTUKI KOPOHABMPYCHON UHAIEKLMN Y MOXKMITbIX.

Mop4epkHeM, 4TO BbiCOKasi 6630MaCHOCTb XapakTepHa TONbKO Ans
cy6cTaHumit TG ¢ BbICOKOW CTeneHbld (hapMaLeBTUYECKON CTaHAap-
Tn3aunu gencTBytollero Bewlectsa. OTcyTcTBME (DapMaLeBTUHECKOI
CTaHAAPTU3aLMM NOAPA3YMEBAET, YTO Takue npenapatbl MOryT coaep-
XaTb HE(PPOTOKCUYHbLIE MPUMECH MUKPOINEMEHTOB (KaaMuiA, pTyThb,
CBUWHeL, MbILLIbSK, BUCMYT, Taniui), 6e1K0B, NPOBOLMPYIOLLMX 06pa-
30BaHNe He)POTOKCUYHBLIX MMMYHOKOMMIEKCOB, @ TakxXe pasnmyarb-
CS MONEKYNAPHO-BECOBbLIMY XapakTepuctukamu. Mpumepom npenapa-
Ta C BbICOKOV CTEMEHbI0 CTAaHAAPTU3ALMMN CYOCTaHLMM AeCTBYIOLLEr0
BeLLecTBa ABnseTcsa npenapat Cyctarapa ApTpo (hapmavesTinyeckas
cy6cTaHums Mukpokpuctannndeckoro G 99,9% 4ncToTsl, NPou3Boa-
cTBO cybcTaHuumn buomnbepuka, C.A.Y. cnanus, EBponeiickuit ceptu-
(hukar Kayectsa) [5, 76].

3AKJTHO4EHUE / CONCLUSION

B nepuop nangemum COVID-19 nosiBunach Heo6X0AUMOCTb Me-
pecMoTpa «CTaH4ApPTHOro» MoAxofa K CO3JAHWI0 HOBbLIX JIEKapCTB,
KOTOpbI/ Nofpa3yMeBaeT LeCATUNETUS MOMcKa W anpobauun mosne-
KyN-KaHangatos. TbICAYN MMEOLLMXCA NnpenaparoB paHee He Obin
CUCTEMATUYECKN WUCCNef0BaHbl HA HaMyMe NPOTUBOBMPYCHBIX 3¢h-
ekToB. B TO Xe Bpems (papmakonorus 3HaeT MHOr0 NpUMepos,
Korga mpenapar, nepBOHa4YanbHO OTHECEHHbI K 0fHOI rpynne ATX,
0Ka3bIBaNCs 3PMEKTUBHBIM A5 MPUMEHEHUS MO HOBbIM MOKA3aHNAM
BC/EACTBME LUMPOKOro CreKTpa 3aperncTpupoBaHHbiX (papmMakonoru-
YeCKNX CBOMCTB.
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PuCyHOK 5. XeMOpeakTOMHbIil aHanu3 BO3AEACTBINA MCCNe[0BaHHBIX MONEKYN HA MHTMOUPOBAHME PennnKauum (a)  cuuTes ageHosuHTpudocdara (AT®) (b) B MHPULMPOBAHHBIX

KNeTKax B KYnbType (MMHNs KneTok Vero)

Figure 5. Chemoreactome analysis of the tested molecules for replication inhibition (a) and adenosine triphosphate (ATP) synthesis (b) in the infected cells (Vero line)

Camblit 3BECTHbI NpuMep — auetuncanuuyunosas kucnora (ACK):
ATX NO2BA01 Auetuncanunumnosas kucnota B rpynne NO2B [pyrue
AHANbreTUKN W aHTUMUPETMKK. ICXOAHO OHA MPUMEHSANach Kak a-
POMOHIKAtOLLEe CPEACTBO, HO K Havany 1980-x rr. cTano M3BeCTHO,
410 ACK nposiBNieT n aHTMarperaHTHble CBOMCTBA (MpMyeM B [03aX,
B 510 pa3 meHbLUMX, Yem aHTunupeTuyeckne). NMoatomy ACK 6bina
peno3nLMoOHMpPoOBaHa 1 nonyyuna HONOnHMTENbHbIA Ko BO1AC06
Auetuncanuuunosas kucnota pasgena BO1AC Wuru6utopbl arpe-
rauum TpPOMOOLMUTOB (MCKMKOYas renapuH) B KOMOMHAUMAX B rpynne
BO1A AHTMKOArynaHTe!.

[pyroii npumep — auetunumuctemH (AUL) ucxogHo npumensncs
TONbKO ANS padxwkeHus mokpoTbl (ATX RO5CBO1 pasgena RO5CB
Mykonutukn). 3atem 6bii NOAPOGHO U3Y4eHbl AHTUOKCMAAHTHbIE
caoncTBa ALLL (BKNtOYas CUHTE3 rAyTaTUOHA), YTO MO3BOAUAO PEno-
3uumoHmnpoBatb ALLL n ucnonb3oBath ero Kak 0goTanbMoIOrMyeckoe
cpeactBo (ATX S01XA08) n kak aHtmgoT (VO3AB23 pasgena VO3AB
AHTtugotsl rpynnel VO3A [Mpoyne pasHble npenaparbl).

Ewe oavH BaXHbliA Npumep — ackop6uHOBas KUCNOTa, WCXOAHO
OTHeceHHas K rpynne A11 ButamuHbl, KoTOpas BNocneacTBuy Obiia
PEno3MLMOHMPOBaHA Kak NPOTUBOMUKPOGHbIA Npenapar Ans neveHus
ruHekonoruyeckux 3a6onesannii (ATX GO1ADO3 Ackop6uHoBas Kuc-
nota) n Kak opranbmonoruyecknit npenapat (S01XA15 Ackop6uHo-
Bas KMcNoTa).

Mo3ToMy COBpEMEHHble METOAbl aHanu3a 60NbLIMX [aAHHbIX
B (hapMakKosIorMyeckoM aHannu3e NpUHLUMNMANLHO HE06X0ANMbI ANst
cucTemaTyeckoro nowcka npenapatos npotus COVID-19. OgHum
3 MeTOLO0B (hapmMakosiornyeckoro aHanuda 60JbLIOro maccusa
JaHHbIX ABMAETCA XEMOPEAKTOMHbIA CKPUHMHF, C MOMOLLbIO KOTO-
POro OCYLLECTBMAOT PENO3NLNOHNPOBAHNE YXKE U3BECTHBIX NeKap-
CTBEHHbIX CPeACTB in Silico. NMpeAcTaBneHHble B HACTOALLEH paboTe
pe3ynbTatbl XeMOPEaKTOMHOr0 CKPUHUHIA 0Koo 2700 fiekapCcTBeH-
HbIX cpeAcTB 13 ATX ykasanu Ha LenecoobpasHoCTb Peno3uLyoHn-
POBaHWA NO KpaiiHeli mepe 62 npenapaToB U3 PasHOPOAHbIX PyOPUK
ATX 1 20 MUKPOHYTPUEHTOB, KOTOPbIE XapPaKTEPU3YKTCH MOTEHLN-

anbHbIM NPOTUBOBUPYCHBLIM AEACTBMEM B COYETAHUN C MUHUMANbHO
BbIDOKEHHLIMU MO60YHBIMU IDDEKTAMK, B T.4., HA BUPOM 340PO-
BbIX JTIOAEN. BbifieNneHHble Ha 3Tanax XxeMopeakTOMHOT0 CKPUHUHIA
aKTUBHble CyO6CTaHUMW MOTYT BbICTYNaTb Kak WMHrMOUTOPbI KOPO-
HaBUPYCHbIX GENKOB W KaK MOMEKy/bl-a4anToreHbl, ynyywatoLyue
(PYyHKUMOHMPOBaHNE KNETOK B YCNOBMAX CTPecca, CO34aBaeMoro
BUPYCHON UHGbeKumen. Cpean U3y4eHHbIX «aHTUKOPOHABUPYCHbIX»
MWKPOHYTPUEHTOB Hawny4lwmum npodounem 6e3onacHoct ob6nagan
MUKpoKpucTannuyecknii I'C.

BaXKHbIMU HanpasneHNsMKM JarnbHeiLumnx uccneaosaHuii aensorca 1)
noATBePKAEHNE [0303aBUCUMbIX 3QEKTOB 0TOOPAHHbLIX Npenaparos
1 MUKPOHYTPWUEHTOB HA WHIMOMPOBAHWE PEenMKauMu KOpOHaBMpyca
SARS-CoV-2 1 2) BbisiBNeHNe (B pafe Ciy4aeB NOATBEPKAEHME) TapreT-
HbIX OENKOB KOPOHABMpYCa, HA KOTOPbIE MOryT AeiCTBOBATb 0TOOPAH-
Hble B Pe3yrnbTaTe CKPUHWHIA npenaparbl. [epcnekTUBHbIMU ABAAKOTCA
NPOrHOCTUYECKIE UCCNEA0BAHUS CUHEPri3Ma (hapMaKonornyeckux ag-
(heKTOB MUKPOKPUCTANNNYECKOr0 G 1 «QHTUKOPOHABUPYCHbBIX» MUKPO-
HYTPUEHTOB, a TaKXe APYriX NeKapCTBEHHbIX CPEACTB C NOATBEPXAEH-
HbIM MEXaHU3MOM AeiicTBIs B 0THOLLEHU COVID-19 1 nepcneKTUBHbIX
npenapatos, BbleNEHHbIX B XO4e XeMOPEakTOMHOro aHanu3a. Heobxo-
JVMO MPOBECT XEMOPEAKTOMHBIA aHaNW3 BO3LEACTBUS XOHAPOUTUHA
cynbgata Ha akTuBHOCTb SARS-CoV2 1 BUpOM YenoBeka.

Pesynbtathl HaCTOALEr0 CKPUHWHIA TaKXKE YKasblBAlOT Ha NyTu
MNOBbILWEHNS 3PMEKTUBHOCTM 1N 6E30MacHOCTU (PapMakoTepanum
nauneHToB, KoTopble 3a6onenn COVID-19 Ha dhoHe yxe umetoLmxcs
KOMOPOWAHBIX natofioruin. B 4actHocTu, cnepyert n3beratb «peskux
JBWKEHU» N0 0TMEHE YXKe Ha3HAYeHHO NaLMEHTy A01r0BPEMEHHON
thapmakoTepanun 6e3 y4eTa pesynbTaToB HACTOALLEr0 CKPUHNHIA: N0
meHbLueil mepe 500 u3 2700 npenapatos py6pukatopa ATX nposs-
NAKT Te WK NHbIE NPOTUBOBUPYCHbIE CBONCTBA NPOTUB KOPOHABUPY-
ca. HarnagHbIM npumepom SBNAETCH (DUHIOANMOJ, UCMOJb3YeMbli
B Tepanun paccesHHoro ckreposa. OTMeHa AAHHOro npenapara nog
6aroBuUAHbIM NPEANOroM «36eXaHns nonunparmMasun» npusena
K pe3komy yTspkeneHuto TeyeHus COVID-19 (cm. mpumepsl B TEKCTE).

DOAPMAKOIKOHOMUKA. Cc o

)3KOHOMMKa 1 PapMaKc

norus. 2021; Tom 14, Ne 2

www.pharmacoeconomics.ru


http://www.pharmacoeconomics.ru

Original articles

frmakoekononika

JINTEPATYPA:

1. Topwwud W.H0., TpomoBa 0.A. MUKPOHYTPUEHTbI
KopoHaswupycos. M.: TA0TAP-Meaua; 2020.

2. Riva L., Yuan S, Yin X., et al. Discovery of SARS-CoV-2 antiviral
drugs through large-scale compound repurposing. Nature. 2020; 586
(7827): 113-9. https://doi.org/10.1038/s41586-020-2577-1.

3. Wenpepos b.A. MeauumHckas MUKPOGHaa 3KOMOrMA WU (PYHK-
LIMOHanbHoe nuTaHue. T. 3. MpoBMoTNKN 1 (YHKLIMOHANBHOE NUTAHKE.
M.: TPAHTD; 2001.

4. Scarpellini E., Fagoonee S., Rinninella E., et al. Gut microbiota and
liver interaction through immune system cross-talk: a comprehensive
review at the time of the SARS-CoV-2 pandemic. J Clin Med. 2020;
9 (8): 2488. https://doi.org/10.3390/jcm9082488.

5. Tpomosa 0.A., TopwwuH W.KO., Haymos A.B., Makcumos B.A.
XeMOMUKPOOGMOMHBIN aHann3 rnKo3aMuHa cynbgara, npeéuoTUKoB
1 HECTEPOMHbIX NMPOTMBOBOCNANUTENbHbIX NpenapatoB. ®PAPMAKO-
9KOHOMUKA. CoBpemeHHas hapmMako3KoHOMUKA M hapMako-
anugemuonoruns. 2020;13 (3): 270-82. https://doi.org/10.17749/2070-
4909/farmakoekonomika.2020.049.

6. Kumata R., Ito J., Takahashi K., et al. A tissue level atlas of the
healthy human virome. BMC Biol. 2020; 18 (1): 55. https:/doi.
org/10.1186/s12915-020-00785-5.

7. Xiang J., Winschmann S., Diekema D.J., et al. Effect of coinfection
with GB virus C on survival among patients with HIV infection. N Engl J
Med. 2001; 345 (10): 707-14. https://doi.org/10.1056/NEJM0a003364.
8. Barton E.S., White D.W., Cathelyn J.S., et al. Herpesvirus latency
confers symbiotic protection from bacterial infection. Nature. 2007;
447 (7142): 326-9. https://doi.org/10.1038/nature05762.

9. Wang L., Candia J., Ma L., et al. Serological responses to human
virome define clinical outcomes of italian patients infected with SARS-
CoV-2.medRxiv. Version 1. medRxiv. Preprint. 2020 Sep 7. https://doi.
0rg/10.1101/2020.09.04.20187088.

10. Torshin L.Yu., Rudakov K.V. On the application of the combinatorial
theory of solvability to the analysis of chemographs. Part 1:
Fundamentals of modern chemical bonding theory and the concept of
the chemograph. Pattern Recognit Image Anal. 2014; 24: 11-23.
https://doi.org/10.1134/S1054661814010209.

11. Torshin L.Yu., Rudakov K.V. On the application of the combinatorial
theory of solvability to the analysis of chemographs: Part 2. Local
completeness of invariants of chemographs in view of the combinatorial
theory of solvability. Pattern Recognit Image Anal. 2014; 24: 196-208.
https://doi.org/10.1134/S1054661814020151.

12. Bolton E., Wang Y., Thiessen P.A., Bryant S.H. PubChem: Integrated
platform of small molecules and biological activities. Chapter 12. Ann
Rep Comput Chem. 2008; 4: 217-41. https://doi.org/10.1016/S1574-
1400(08)00012-1.

13. WishartD.S., Tzur D., Knox C., et al. HMIDB: the Human Metabolome
Database. Nucleic Acids Res. 2007; 35 (Database issue): D521-6.
https://doi.org/10.1093/nar/gkl923.

14. Mering C., Jensen L., Snel B., et al. STRING: known and predicted
protein—protein associations, integrated and transferred across
organisms. Nucleic Acids Res. 2005; 33 (Database issue): D433-7.
https://doi.org/10.1093/nar/gki005.

15.. Torshin 1.Yu, Rudakov K.V. On the procedures of generation of
numerical features over partitions of sets of objects in the problem of
predicting numerical target variables. Pattern Recognit Image Anal.
2019; 29 (4): 654-67. https://doi.org/10.1134/S1054661819040175.
16. Kuhn M., Letunic 1., Jensen L.J., Bork P. The SIDER database of
drugs and side effects. Nucleic Acids Res. 2016; 44 (D1): D1075-9.
https://doi.org/10.1093/nar/gkv1075.

17. Balakrishnan V., Lakshminarayanan K. Screening of FDA approved
drugs against SARS-CoV-2 main protease: coronavirus disease. Inf J
Pept Res Thers. 2020; Sep 28: 1-8. https://doi.org/10.1007/s10989-
020-10115-6.

npoTuB

18. Kneller D.W., Galanie S., Phillips G., et al. Malleability of the SARS-
CoV-2 3CL Mpro active-site cavity facilitates binding of clinical
antivirals.  Structure. 2020; 28 (12): 1313-20e3. https://doi.
org/10.1016/j.str.2020.10.007.

19. Bollo L., Guerra T., Bavaro D.F., et al. Seroconversion and indolent
course of COVID-19 in patients with multiple sclerosis treated with
fingolimod and teriflunomide. J Neurol Sci. 2020; 416: 117011. https:/
doi.org/10.1016/j.jns.2020.117011.

20. Mallucci G., Zito A., Fabbro B.D., Bergamaschi R. Asymptomatic
SARS-CoV-2 infection in two patients with multiple sclerosis treated
with fingolimod. Mult Scler Relat Disord. 2020; 45: 102414. https://doi.
org/10.1016/j.msard.2020.102414.

21. Gomez-Mayordomo V., Montero-Escribano P., Matias-Guiu J.A.,
et al. Clinical exacerbation of SARS-CoV2 infection after fingolimod
withdrawal. J Med Virol. 2021: 93 (1): 546-9. https://doi.org/10.1002/
jmv.26279.

22. Ciardi M.R., Zingaropoli M.A., Pasculli P., et al. The peripheral
blood immune cell profile in a teriflunomide-treated multiple sclerosis
patient with COVID-19 pneumonia. J Neuroimmunol. 2020; 346:
577323. https://doi.org/10.1016/j.jneuroim.2020.577323.

23. 0rtega J.T., Serrano M.L., Jastrzebska B. Class A G protein-coupled
receptor antagonist famotidine as a therapeutic alternative against
SARS-CoV2: an in silico analysis. Biomolecules. 2020; 10 (6): 954.
https://doi.org/10.3390/biom10060954.

24. Hogan li RB, Hogan lii RB, Cannon T, et al. Dual-histamine receptor
blockade with cetirizine — famotidine reduces pulmonary symptoms in
COVID-19 patients. Pulm Pharmacol Ther. 2020; 63: 101942. https:/
doi.org/10.1016/j.pupt.2020.101942.

25. Freedberg D.E., Conigliaro J., Wang T.C., et al. Famotidine use is
associated with improved clinical outcomes in hospitalized COVID-19
patients: a propensity score matched retrospective cohort study.
Gastroenterology.  2020; 159 (3): 1129-31.e3. https://doi.
org/10.1053/j.gastro0.2020.05.053.

26. Patel M., Dominguez E., Sacher D., et al. Etoposide as salvage
therapy for cytokine storm due to coronavirus disease 2019. Chest.
2021; 159 (1): e7-11. https://doi.org/10.1016/j.chest.2020.09.077.
27. Takami A. Possible role of low-dose etoposide therapy for
hemophagocytic lymphohistiocytosis by COVID-19. Int J Hematol.
2020; 112 (1): 122—-4. https://doi.org/10.1007/s12185-020-02888-9.
28. Smetana K. Jr., Rosel D., BrAbek J. Raloxifene and Bazedoxifene
could be promising candidates for preventing the COVID-19 related
cytokine storm, ARDS and mortality. /n Vivo. 2020; 34 (5): 3027-8.
https://doi.org/10.21873/invivo.12135.

29. Olagnier D., Farahani E., Thyrsted J., et al. SARS-CoV2-mediated
suppression of NRF2-signaling reveals potent antiviral and anti-
inflammatory activity of 4-octyl-itaconate and dimethyl fumarate. Nat
Commun. 2020; 11 (1): 4938. https://doi.org/10.1038/s41467-020-
18764-3.

30. Fatima S.A., Asif M., Khan K.A., et al. Comparison of efficacy of
dexamethasone and methylprednisolone in moderate to severe covid
19 disease. Ann Med Surg (Lond). 2020; 60: 413-6. https:/doi.
org/10.1016/j.amsu.2020.11.027.

31. Rana M.A., Hashmi M., Qayyum A., et al. Comparison of efficacy of
dexamethasone and methylprednisolone in improving Pa02/Fi02 ratio
among COVID-19 patients. Cureus. 2020; 12 (10): e10918. https://doi.
org/10.7759/cureus.10918.

32. Badawy A.A. Immunotherapy of COVID-19 with poly (ADP-ribose)
polymerase inhibitors: starting with nicotinamide. Biosci Rep. 2020; 40
(10): BSR20202856. https://doi.org/10.1042/BSR20202856.

33.Kim J., Ochoa M.T., Krutzik S.R., et al. Activation of toll-like receptor
2 in acne triggers inflammatory cytokine responses. J Immunol. 2002;
169 (3): 1535-41. https://doi.org/10.4049/jimmunol.169.3.1535.
34.Ten Hove A.S., Brinkman D.J., Li Yim A.Y., et al. The role of nicotinic

206

www.pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2021; Vol. 14 (2)


http://www.pharmacoeconomics.ru
https://doi.org/10.1186/s12915-020-00785-5
https://doi.org/10.1186/s12915-020-00785-5
https://doi.org/10.1056/NEJMoa003364
https://doi.org/10.1101/2020.09.04.20187088
https://doi.org/10.1101/2020.09.04.20187088
https://doi.org/10.1016/S1574-1400(08)00012-1
https://doi.org/10.1016/S1574-1400(08)00012-1
https://doi.org/10.1016/j.str.2020.10.007
https://doi.org/10.1016/j.str.2020.10.007
https://doi.org/10.1016/j.jns.2020.117011
https://doi.org/10.1016/j.jns.2020.117011
https://doi.org/10.1016/j.msard.2020.102414
https://doi.org/10.1016/j.msard.2020.102414
https://doi.org/10.1002/jmv.26279
https://doi.org/10.1002/jmv.26279
https://doi.org/10.1016/j.pupt.2020.101942
https://doi.org/10.1016/j.pupt.2020.101942
https://doi.org/10.1053/j.gastro.2020.05.053
https://doi.org/10.1053/j.gastro.2020.05.053
https://doi.org/10.1038/s41467-020-18764-3
https://doi.org/10.1038/s41467-020-18764-3
https://doi.org/10.1016/j.amsu.2020.11.027
https://doi.org/10.1016/j.amsu.2020.11.027
https://doi.org/10.7759/cureus.10918
https://doi.org/10.7759/cureus.10918
https://doi.org/10.4049/jimmunol.169.3.1535

OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

receptors in SARS-CoV-2 receptor ACE2 expression in intestinal
epithelia. Bioelectron Med. 2020; 6: 20. https://doi.org/10.1186/
$42234-020-00057-1.

35. Oliveira A.S., Ibarra A.A., Bermudez 1., et al. Simulations support
the interaction of the SARS-CoV-2 spike protein with nicotinic
acetylcholine receptors. Version 3. bioRxiv. Preprint. NaN NaN [revised
2020 Sep 14]. https://doi.org/10.1101/2020.07.16.206680.

36. Blasco H., Bessy C., Plantier L., et al. The specific metabolome
profiling of patients infected by SARS-COV-2 supports the key role of
tryptophan-nicotinamide pathway and cytosine metabolism. Sci Rep.
2020; 10 (1): 16824. https://doi.org/10.1038/s41598-020-73966-5.
37. Farsalinos K., Eliopoulos E., Leonidas D.D., et al. Nicotinic
cholinergic system and COVID-19: in silico identification of an
interaction between SARS-CoV-2 and nicotinic receptors with potential
therapeutic targeting implications. Int J Mol Sci. 2020; 21 (16): 5807.
https://doi.org/10.3390/ijms21165807.

38. Ghiasvand F., Ghadimi M., Sadr S., et al. COVID-19 treatment
success after repeat courses of azithromycin: a report of three cases.
Infect Disord Drug Targets. 2020; Nov 26. https://doi.org/10.2174/187
1526520999201126203510.

39. Du X., Zuo X., Meng F., et al. Direct inhibitory effect on viral entry
of influenza A and SARS-CoV-2 viruses by azithromycin. Cell Prolif.
2021; 54 (1): 12953. https://doi.org/10.1111/cpr.12953.

40. Renteria A.E., Mfuna Endam L., Adam D., et al. Azithromycin
downregulates gene expression of IL-1f and pathways involving
TMPRSS2 and TMPRSS11D required by SARS-CoV-2. Am J Respir
Cell Mol Biol. 2020; 63 (5): 707-9. https://doi.org/10.1165/rcmb.2020-
0285LE.

41. Ulrich H., Pillat M.M. CD147 as a target for COVID-19 treatment:
suggested effects of azithromycin and stem cell engagement. Stem
Cell Rev Rep. 2020; 16 (3): 434-40. https://doi.org/10.1007/s12015-
020-09976-7.

42.Scherrmann J.M. Possible role of ABCB1 in lysosomal accumulation
of azithromycin in COVID-19 therapy. Clin Pharmacol Ther. 2020; 108:
201-11. https://doi.org/10.1002/cpt.2020.

43. Maggio R., Corsini G.U. Repurposing the mucolytic cough
suppressant and TMPRSS2 protease inhibitor bromhexine for the
prevention and management of SARS-CoV-2 infection. Pharmacol
Res. 2020; 157: 104837. https://doi.org/10.1016/j.phrs.2020.104837.
44. Ansarin K., Tolouian R., Ardalan M., et al. Effect of bromhexine on
clinical outcomes and mortality in COVID-19 patients: a randomized
clinical trial. Bioimpacts. 2020; 10 (4): 209-15. https:/doi.
0rg/10.34172/bi.2020.27.

45, Bradfute S.B., Ye C., Clarke E.C., et al. Ambroxol and ciprofloxacin
show activity against SARS-CoV2 in Vero E6 cells at clinically-relevant
concentrations. Version 1. bioRxiv. Preprint. 2020 Aug 11. https://doi.
org/10.1101/2020.08.11.245100.

46. Olaleye 0.A., Kaur M., Onyenaka C.C. Ambroxol hydrochloride
inhibits the interaction between severe acute respiratory syndrome
coronavirus 2 spike protein's receptor binding domain and recombinant
human ACE2. bioRxiv. Preprint. 2020 Sep 14:2020.09.13.295691.
https://doi.org/10.1101/2020.09.13.295691.

47. Kumar P. Co-aerosolized pulmonary surfactant and ambroxol for
COVID-19 ARDS intervention: what are we waiting for? Front Bioeng
Biotechnol. 2020; 8: 577172. https://doi.org/10.3389/
fbioe.2020.577172.

48. Brenner S.R. The potential of memantine and related adamantanes
such as amantadine, to reduce the neurotoxic effects of COVID-19,
including ARDS and to reduce viral replication through lysosomal
effects. J Med Virol. 2020; 92 (1): 2341-2. https://doi.org/10.1002/
jmv.26030.

49. Jiménez-Jiménez F.J., Alonso-Navarro H., Garcia-Martin E.,
Agundez J.A. Anti-inflammatory effects of amantadine and memantine:
possible therapeutics for the treatment of COVID-19? J Pers Med.
2020; 10 (4): 217. https://doi.org/10.3390/jpm10040217.

50. Aranda-Abreu G.E., Aranda-Martinez J.D., AraGjo R., et al.
Observational study of people infected with SARS-Cov-2, treated with
amantadine. Pharmacol Rep. 2020; 72 (6): 1538-41. https://doi.
org/10.1007/s43440-020-00168-1.

51. Singh Tomar P.P., Arkin .T. SARS-CoV-2 E protein is a potential
ion channel that can be inhibited by Gliclazide and Memantine. Biochem
Biophys Res Commun. 2020; 530 (1): 10-4. https://doi.org/10.1016/j.
bbrc.2020.05.206.

52. Hasanagic S., Serdarevic F. Potential role of memantine in the
prevention and treatment of COVID-19: its antagonism of nicotinic
acetylcholine receptors and beyond. Eur Respir J. 2020; 56 (2):
2001610. https://doi.org/10.1183/13993003.01610-2020.

53. Risner K.H., Tieu K.V., Wang Y., et al. Maraviroc inhibits SARS-
CoV-2 multiplication and s-protein mediated cell fusion in cell culture.
bioRxiv. Preprint. 2020 Aug 13:2020.08.12.246389. https://doi.
org/10.1101/2020.08.12.246389.

54. Shamsi A., Mohammad T., Anwar S., et al. Glecaprevir and
Maraviroc are high-affinity inhibitors of SARS-CoV-2 main protease:
possible implication in COVID-19 therapy. Biosci Rep. 2020; 40 (6):
BSR20201256. https://doi.org/10.1042/BSR20201256.

55. Tariq A., Mateen R.M., Afzal M.S., Saleem M. Paromomygcin:
a potential dual targeted drug effectively inhibits both spike (S1) and
main protease of COVID-19. Int J Infect Dis. 2020; 98: 166-75. https://
doi.org/10.1016/j.ijid.2020.06.063.

56. Bolelli K., Ertan-Bolelli T., Unsalan 0., Altunayar-Unsalan C.
Fenoterol and dobutamine as COVID-19 main protease inhibitors:
a virtual screening study. J Mol Struct. 2021; 1228: 129449. https:/
doi.org/10.1016/j.molstruc.2020.129449.

57. Bagheri M., Niavarani A. Molecular dynamics analysis predicts
ritonavir and naloxegol strongly block the SARS-CoV-2 spike protein-
hACE2 binding. J Biomol Struct Dyn. 2020; Oct 8: 1-10. https:/doi.
0rg/10.1080/07391102.2020.1830854.

58. Scalise M, Indiveri C. Repurposing nimesulide, a potent inhibitor of
the BOAT1 subunit of the SARS-CoV-2 receptor, as a therapeutic
adjuvant of COVID-19. SLAS Discov. 2020; 25 (10): 1171-3. https:/
doi.org/10.1177/2472555220934421.

59. Peng H., Chen Z., Wang Y., et al. Systematic review and
pharmacological considerations for chloroquine and its analogs in the
treatment for COVID-19. Front Pharmacol. 2020; 11: 554172. https://
doi.org/10.3389/fphar.2020.554172.

60. Li G., Yuan M., Li H., et al. Safety and efficacy of artemisinin-
piperaquine for treatment of COVID-19: an open-label, non-randomised
and controlled trial. /nt J Antimicrob Agents. 2021; 57 (1): 106216.
https://doi.org/10.1016/j.ijantimicag.2020.106216.

61. Fragoso-Saavedra S., Iruegas-Nunez D.A., Quintero-Villegas A.,
et al. A parallel-group, multicenter randomized, double-blinded,
placebo-controlled, phase 2/3, clinical trial to test the efficacy of
pyridostigmine bromide at low doses to reduce mortality or invasive
mechanical ventilation in adults with severe SARS-CoV-2 infection: the
pyridostigmine in severe COVID-19 (PISCO) trial protocol. BMC Infect
Dis. 2020; 20 (1): 765. https://doi.org/10.1186/s12879-020-05485-7.
62. Aliter K.F., Al-Horani R.A. Thrombin inhibition by argatroban:
potential therapeutic benefits in COVID-19. Cardiovasc Drugs Ther.
2021; 35: 195-203. https://doi.org/10.1007/s10557-020-07066-x.

63. Habibzadeh P., Mofatteh M., Ghavami S., Roozbeh J. The potential
effectiveness of acetazolamide in the prevention of acute kidney injury
in COVID-19: a hypothesis. Eur J Pharmacol. 2020; 888: 173487.
https://doi.org/10.1016/j.ejphar.2020.173487.

64. Unal G., Turan B., Balcioglu Y.H. Immunopharmacological
management of COVID-19: potential therapeutic role of valproic acid.
Med Hypotheses. 2020; 143: 109891. https://doi.org/10.1016/j.
mehy.2020.109891.

65. Revannasiddaiah S., Kumar Devadas S., Palassery R., et al.
A potential role for cyclophosphamide in the mitigation of acute
respiratory distress syndrome among patients with SARS-CoV-2. Med

DGAPMAKOIKOHOMMUKA. CospemenHas ®apmakoakoHommnka u ®apmakoanuaemuonorus. 2021; Tom 14, Ne 2

207

www.pharmacoeconomics.ru


http://www.pharmacoeconomics.ru
https://doi.org/10.1186/s42234-020-00057-1
https://doi.org/10.1186/s42234-020-00057-1
https://doi.org/10.2174/1871526520999201126203510
https://doi.org/10.2174/1871526520999201126203510
https://doi.org/10.1165/rcmb.2020-0285LE
https://doi.org/10.1165/rcmb.2020-0285LE
https://doi.org/10.1007/s12015-020-09976-7
https://doi.org/10.1007/s12015-020-09976-7
https://doi.org/10.34172/bi.2020.27
https://doi.org/10.34172/bi.2020.27
https://doi.org/10.1101/2020.08.11.245100
https://doi.org/10.1101/2020.08.11.245100
https://doi.org/10.3389/fbioe.2020.577172
https://doi.org/10.3389/fbioe.2020.577172
https://doi.org/10.1002/jmv.26030
https://doi.org/10.1002/jmv.26030
https://doi.org/10.1007/s43440-020-00168-1
https://doi.org/10.1007/s43440-020-00168-1
https://doi.org/10.1016/j.bbrc.2020.05.206
https://doi.org/10.1016/j.bbrc.2020.05.206
https://doi.org/10.1101/2020.08.12.246389
https://doi.org/10.1101/2020.08.12.246389
https://doi.org/10.1016/j.ijid.2020.06.063
https://doi.org/10.1016/j.ijid.2020.06.063
https://doi.org/10.1016/j.molstruc.2020.129449
https://doi.org/10.1016/j.molstruc.2020.129449
https://doi.org/10.1080/07391102.2020.1830854
https://doi.org/10.1080/07391102.2020.1830854
https://doi.org/10.1177/2472555220934421
https://doi.org/10.1177/2472555220934421
https://doi.org/10.3389/fphar.2020.554172
https://doi.org/10.3389/fphar.2020.554172
https://doi.org/10.1016/j.mehy.2020.109891
https://doi.org/10.1016/j.mehy.2020.109891

Original articles

frmakoekononika

Hypotheses.  2020;
mehy.2020.109850.

66. Cure E., Cumhur Cure M. Can dapagliflozin have a protective effect
against COVID-19 infection? A hypothesis. Diabetes Metab Syndr.
2020; 14 (4): 405-6. https://doi.org/10.1016/j.dsx.2020.04.024.

67. Lee D.Y,, Lin T.E, Lee C.I, et al. MicroRNA-10a is crucial for
endothelial response to different flow patterns via interaction of
retinoid acid receptors and histone deacetylases. Proc Natl Acad Sci
USA.2017;114(8):2072-7.https://doi.org/10.1073/pnas.1621425114.
68. Uzzan M., Soudan D., Peoc'h K., et al. Patients with COVID-19
present with low plasma citrulline concentrations that associate with
systemic inflammation and gastrointestinal symptoms. Dig Liver Dis.
2020; 52 (10): 1104-5. https://doi.org/10.1016/j.d1d.2020.06.042.

69. TopwwH W.H0., Tpomoea O.A., ®epotoBa J1.3., u Aap.
XeMOpeakTOMHbIA ~ aHanU3  MOMEKYN LWTPYANNHA 1M Manarta.
Hesponorus, Hedponcuxuatpus, neuxocomarnka. 2017; 9 (2): 30-5.
https://doi.org/10.14412/2074-2711-2017-2-30-35.

70. Legendre F., Bauge C., Roche R., et al. Chondroitin sulfate
modulation of matrix and inflammatory gene expression in IL-1beta-
stimulated chondrocytes-study in hypoxic alginate bead cultures.
Osteoarthritis Cartilage. 2008; 16: 105-14. https://doi.org/10.1016/j.
joca.2007.05.020.

71. Campo G., Avenoso A., Campo S., et al. Glycosaminoglycans

144: 109850. https://doi.org/10.1016/j.

REFERENCES:

1. Torshin L.Yu., Gromova 0.A. Micronutrients against coronaviruses.
Moscow: GEOTAR-Media; 2020 (in Russ.).

2. Riva L., Yuan S., Yin X., et al. Discovery of SARS-CoV-2 antiviral
drugs through large-scale compound repurposing. Nature. 2020; 586
(7827): 113-9. https://doi.org/10.1038/s41586-020-2577-1.

3. Shenderov B.A. Medical microbial ecology and functional nutrition.
Vol. 3. Probiotics and functional nutrition. Moscow: GRANT; 2001 (in
Russ.).

4. Scarpellini E., Fagoonee S., Rinninella E., et al. Gut microbiota and
liver interaction through immune system cross-talk: a comprehensive
review at the time of the SARS-CoV-2 pandemic. J Clin Med. 2020; 9
(8): 2488. https://doi.org/10.3390/jcm9082488.

5. Gromova 0.A., Torshin IYu.,, Naumov A.V., Maksimov V.A.
Chemomicrobiomic analysis of glucosamine sulfate, prebiotics and

non-steroidal  anti-inflammatory  drugs. FARMAKOEKONOMIKA.
Sovremennaya farmakoekonomika i farmakoepidemiologiya /
FARMAKOEKONOMIKA. Modern ~ Pharmacoeconomics  and

Pharmacoepidemiology. 2020; 13 (3): 270-82 (in Russ.). https://doi.
org/10.17749/2070-4909/farmakoekonomika.2020.049.

6. Kumata R., Ito J., Takahashi K., et al. A tissue level atlas of the
healthy human virome. BMC Biol. 2020; 18 (1): 55. https:/doi.
0rg/10.1186/s12915-020-00785-5.

7. Xiang J., Winschmann S., Diekema D.J., et al. Effect of coinfection
with GB virus C on survival among patients with HIV infection. N Engl J
Med. 2001; 345 (10): 707-14. https://doi.org/10.1056/NEJM0a003364.
8. Barton E.S., White D.W., Cathelyn J.S., et al. Herpesvirus latency
confers symbiotic protection from bacterial infection. Nature. 2007;
447 (7142): 326-9. https://doi.org/10.1038/nature05762.

9. Wang L., Candia J., Ma L., et al. Serological responses to human
virome define clinical outcomes of italian patients infected with SARS-
CoV-2.medRxiv. Version 1. medRxiv. Preprint. 2020 Sep 7. https://doi.
0rg/10.1101/2020.09.04.20187088.

10. Torshin L.Yu., Rudakov K.V. On the application of the combinatorial
theory of solvability to the analysis of chemographs. Part 1:
Fundamentals of modern chemical bonding theory and the concept of
the chemograph. Pattern Recognit Image Anal. 2014; 24. 11-23.
https://doi.org/10.1134/S1054661814010209.

reduced inflammatory response by modulating toll-like receptor-4 in
LPS-stimulated chondrocytes. Arch Biochem Biophys. 2009; 491:
7-15. https://doi.org/10.1016/j.abb.2009.09.017.

72. Kwon P.S., Oh H., Kwon SJ., et al. Sulfated polysaccharides
effectively inhibit SARS-CoV-2 in vitro. Cell Discov. 2020; 6: 50. https://
doi.org/10.1038/s41421-020-00192-8.

73. Ferreira A.O., Polonini H.C., Dijkers E.C. Postulated adjuvant
therapeutic strategies for COVID-19. J Pers Med. 2020; 10 (3): 80.
https://doi.org/10.3390/jpm10030080.

74. DiNicolantonio J., Barroso-Aranda J., McCarty M. Azithromycin
and glucosamine may amplify the type 1 interferon response to RNA
viruses in a complementary fashion. Immunology Letters. 2020; 228:
83-5. https://doi.org/10.1016/j.imlet.2020.09.008.

75. TpomoBa 0.A, Topwwud W.H.,  ®epotoBa J1.3.
[epOHTONH(OPMALMOHHBIA aHanM3 CBOCTB MOJNEKYNbI Mekcuaona.
Hesponorus, Hedponcuxmuatpus, ncuxocomaruka. 2017; 9 (4): 46-54.
http://doi.org/10.14412/2074-2711-2017-4-46-54.

76. TopwwH W.IO., Juma AM., JlumaHosa O0.A., pomosa O0.A.
MepcnekTuBbl NPUMEHEHNS XOHAPOUTMHA Cynbghata U rKo3aMuHa
cynbghata npu OCTE0APTPUTE B COYETAHWW C MATONOrMel noYek
" MOYEBbIIENNTESIbHOIA CUCTEMBI. GAPMAKOIKOHOMUIKA.
CoBpemeHHas thapmakoakoHoMuka u ghapmakoanugemmonorns. 2020;
13 (1): 23-34. https://doi.org/10.17749/2070-4909.2020.13.1.23-34.

11. Torshin I.Yu., Rudakov K.V. On the application of the combinatorial
theory of solvability to the analysis of chemographs: Part 2. Local
completeness of invariants of chemographs in view of the combinatorial
theory of solvability. Pattern Recognit Image Anal. 2014; 24: 196-208.
https://doi.org/10.1134/S1054661814020151.

12.Bolton E., Wang Y., Thiessen P.A., Bryant S.H. PubChem: Integrated
platform of small molecules and biological activities. Chapter 12. Ann
Rep Comput Chem. 2008; 4: 217-41. https://doi.org/10.1016/S1574-
1400(08)00012-1.

13. Wishart D.S., Tzur D., Knox C., et al. HMDB: the Human Metabolome
Database. Nucleic Acids Res. 2007; 35 (Database issue): D521-6.
https://doi.org/10.1093/nar/gkl923.

14. Mering C., Jensen L., Snel B., et al. STRING: known and predicted
protein—protein associations, integrated and transferred across
organisms. Nucleic Acids Res. 2005; 33 (Database issue): D433-7.
https://doi.org/10.1093/nar/gki005.

15. Torshin 1.Yu, Rudakov K.V. On the procedures of generation of
numerical features over partitions of sets of objects in the problem of
predicting numerical target variables. Pattern Recognit Image Anal.
2019; 29 (4): 654-67. https://doi.org/10.1134/S1054661819040175.
16. Kuhn M., Letunic I., Jensen L.J., Bork P. The SIDER database of
drugs and side effects. Nucleic Acids Res. 2016; 44 (D1): D1075-9.
https://doi.org/10.1093/nar/gkv1075.

17. Balakrishnan V., Lakshminarayanan K. Screening of FDA approved
drugs against SARS-CoV-2 main protease: coronavirus disease. /nt J
Pept Res Thers. 2020; Sep 28: 1-8. https://doi.org/10.1007/s10989-
020-10115-6.

18. Kneller D.W., Galanie S., Phillips G., et al. Malleability of the SARS-
CoV-2 3CL Mpro active-site cavity facilitates binding of clinical antivirals.
Structure. 2020; 28 (12): 1313-20e3. https://doi.org/10.1016/].
str.2020.10.007.

19. Bollo L., Guerra T., Bavaro D.F., et al. Seroconversion and indolent
course of COVID-19 in patients with multiple sclerosis treated with
fingolimod and teriflunomide. J Neurol Sci. 2020; 416: 117011. https:/
doi.org/10.1016/j.jns.2020.117011.

20. Mallucci G., Zito A., Fabbro B.D., Bergamaschi R. Asymptomatic
SARS-CoV-2 infection in two patients with multiple sclerosis treated

208

www.pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2021; Vol. 14 (2)


http://www.pharmacoeconomics.ru
https://doi.org/10.1016/j.mehy.2020.109850
https://doi.org/10.1016/j.mehy.2020.109850
https://doi.org/10.1016/j.joca.2007.05.020
https://doi.org/10.1016/j.joca.2007.05.020
https://doi.org/10.1038/s41421-020-00192-8
https://doi.org/10.1038/s41421-020-00192-8
https://doi.org/10.17749/2070-4909.2020.13.1.23-34
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.049
https://doi.org/10.17749/2070-4909/farmakoekonomika.2020.049
https://doi.org/10.1186/s12915-020-00785-5
https://doi.org/10.1186/s12915-020-00785-5
https://doi.org/10.1056/NEJMoa003364
https://doi.org/10.1101/2020.09.04.20187088
https://doi.org/10.1101/2020.09.04.20187088
https://doi.org/10.1016/S1574-1400(08)00012-1
https://doi.org/10.1016/S1574-1400(08)00012-1
https://doi.org/10.1007/s10989-020-10115-6
https://doi.org/10.1007/s10989-020-10115-6
https://doi.org/10.1016/j.str.2020.10.007
https://doi.org/10.1016/j.str.2020.10.007
https://doi.org/10.1016/j.jns.2020.117011
https://doi.org/10.1016/j.jns.2020.117011

OpurruHanbHbie MyOJIMKaALIUU

QApNRO3ROTONIRY

with fingolimod. Mult Scler Relat Disord. 2020; 45: 102414. https://doi.
org/10.1016/j.msard.2020.102414.

21. Gomez-Mayordomo V., Montero-Escribano P., Matias-Guiu J.A.,
et al. Clinical exacerbation of SARS-CoV2 infection after fingolimod
withdrawal. J Med Virol. 2021: 93 (1): 546-9. https://doi.org/10.1002/
jmv.26279.

22. Ciardi M.R., Zingaropoli M.A., Pasculli P., et al. The peripheral
blood immune cell profile in a teriflunomide-treated multiple sclerosis
patient with COVID-19 pneumonia. J Neuroimmunol. 2020; 346:
577323. https://doi.org/10.1016/j.jneuroim.2020.577323.

23. Ortega J.T., Serrano M.L., Jastrzebska B. Class A G protein-coupled
receptor antagonist famotidine as a therapeutic alternative against
SARS-CoV2: an in silico analysis. Biomolecules. 2020; 10 (6): 954.
https://doi.org/10.3390/biom10060954.

24. Hogan li RB, Hogan lii RB, Cannon T, et al. Dual-histamine receptor
blockade with cetirizine — famotidine reduces pulmonary symptoms in
COVID-19 patients. Pulm Pharmacol Ther. 2020; 63: 101942. https://
doi.org/10.1016/j.pupt.2020.101942.

25. Freedberg D.E., Conigliaro J., Wang T.C., et al. Famotidine use is
associated with improved clinical outcomes in hospitalized COVID-19
patients: a propensity score matched retrospective cohort study.
Gastroenterology. 2020; 159 (3): 1129-31.e3. https://doi.org/10.1053/j.
gastro.2020.05.053.

26. Patel M., Dominguez E., Sacher D., et al. Etoposide as salvage
therapy for cytokine storm due to coronavirus disease 2019. Chest.
2021; 159 (1): e7-11. https://doi.org/10.1016/j.chest.2020.09.077.
27. Takami A. Possible role of low-dose etoposide therapy for
hemophagocytic lymphohistiocytosis by COVID-19. Int J Hematol.
2020; 112 (1): 122—-4. https://doi.org/10.1007/s12185-020-02888-9.
28. Smetana K. Jr., Rosel D., BrAbek J. Raloxifene and Bazedoxifene
could be promising candidates for preventing the COVID-19 related
cytokine storm, ARDS and mortality. /n Vivo. 2020; 34 (5): 3027-8.
https://doi.org/10.21873/invivo.12135.

29. Olagnier D., Farahani E., Thyrsted J., et al. SARS-CoV2-mediated
suppression of NRF2-signaling reveals potent antiviral and anti-
inflammatory activity of 4-octyl-itaconate and dimethyl fumarate. Nat
Commun. 2020; 11 (1): 4938. https://doi.org/10.1038/s41467-020-
18764-3.

30. Fatima S.A., Asif M., Khan K.A., et al. Comparison of efficacy of
dexamethasone and methylprednisolone in moderate to severe covid
19 disease. Ann Med Surg (Lond). 2020; 60: 413-6. https://doi.
org/10.1016/j.amsu.2020.11.027.

31. Rana M.A., Hashmi M., Qayyum A., et al. Comparison of efficacy of
dexamethasone and methylprednisolone in improving Pa02/Fi02 ratio
among COVID-19 patients. Cureus. 2020; 12 (10): e10918. https://doi.
org/10.7759/cureus.10918.

32. Badawy A.A. Immunotherapy of COVID-19 with poly (ADP-ribose)
polymerase inhibitors: starting with nicotinamide. Biosci Rep. 2020; 40
(10): BSR20202856. https://doi.org/10.1042/BSR20202856.

33.Kim J., Ochoa M.T., Krutzik S.R., et al. Activation of toll-like receptor
2 in acne triggers inflammatory cytokine responses. J Immunol. 2002;
169 (3): 1535-41. https://doi.org/10.4049/jimmunol.169.3.1535.
34.Ten Hove A.S., Brinkman D.J., Li Yim A.Y., et al. The role of nicotinic
receptors in SARS-CoV-2 receptor ACE2 expression in intestinal
epithelia. Bioelectron Med. 2020; 6: 20. https://doi.org/10.1186/
$42234-020-00057-1.

35. Oliveira A.S., Ibarra A.A., Bermudez 1., et al. Simulations support
the interaction of the SARS-CoV-2 spike protein with nicotinic
acetylcholine receptors. Version 3. bioRxiv. Preprint. NaN NaN [revised
2020 Sep 14]. https://doi.org/10.1101/2020.07.16.206680.

36. Blasco H., Bessy C., Plantier L., et al. The specific metabolome
profiling of patients infected by SARS-COV-2 supports the key role of
tryptophan-nicotinamide pathway and cytosine metabolism. Sci Rep.
2020; 10 (1): 16824. https://doi.org/10.1038/s41598-020-73966-5.
37. Farsalinos K., Eliopoulos E., Leonidas D.D., et al. Nicotinic

cholinergic system and COVID-19: in silico identification of an
interaction between SARS-CoV-2 and nicotinic receptors with potential
therapeutic targeting implications. /nt J Mol Sci. 2020; 21 (16): 5807.
https://doi.org/10.3390/ijms21165807.

38. Ghiasvand F., Ghadimi M., Sadr S., et al. COVID-19 treatment
success after repeat courses of azithromycin: a report of three cases.
Infect Disord Drug Targets. 2020; Nov 26. https://doi.org/10.2174/187
1526520999201126203510.

39. Du X., Zuo X., Meng F., et al. Direct inhibitory effect on viral entry
of influenza A and SARS-CoV-2 viruses by azithromycin. Cell Prolif.
2021; 54 (1): €12953. https://doi.org/10.1111/cpr.12953.

40. Renteria A.E., Mfuna Endam L., Adam D., et al. Azithromycin
downregulates gene expression of IL-1B and pathways involving
TMPRSS2 and TMPRSS11D required by SARS-CoV-2. Am J Respir
Cell Mol Biol. 2020; 63 (5): 707-9. https://doi.org/10.1165/rcmb.2020-
0285LE.

41. Ulrich H., Pillat M.M. CD147 as a target for COVID-19 treatment:
suggested effects of azithromycin and stem cell engagement. Stem
Cell Rev Rep. 2020; 16 (3): 434-40. https://doi.org/10.1007/s12015-
020-09976-7.

42.Scherrmann J.M. Possible role of ABCB1 in lysosomal accumulation
of azithromycin in COVID-19 therapy. Clin Pharmacol Ther. 2020; 108:
201-11. https://doi.org/10.1002/cpt.2020.

43. Maggio R., Corsini G.U. Repurposing the mucolytic cough
suppressant and TMPRSS2 protease inhibitor bromhexine for the
prevention and management of SARS-CoV-2 infection. Pharmacol
Res. 2020; 157: 104837. https://doi.org/10.1016/j.phrs.2020.104837.
44. Ansarin K., Tolouian R., Ardalan M., et al. Effect of bromhexine on
clinical outcomes and mortality in COVID-19 patients: a randomized
clinical trial. Bioimpacts. 2020; 10 (4): 209-15. https://doi.
0rg/10.34172/bi.2020.27.

45. Bradfute S.B., Ye C., Clarke E.C., et al. Ambroxol and ciprofloxacin
show activity against SARS-CoV/2 in Vero E6 cells at clinically-relevant
concentrations. Version 1. bioRxiv. Preprint. 2020 Aug 11. https://doi.
0rg/10.1101/2020.08.11.245100.

46. Olaleye O.A., Kaur M., Onyenaka C.C. Ambroxol hydrochloride
inhibits the interaction between severe acute respiratory syndrome
coronavirus 2 spike protein's receptor binding domain and recombinant
human ACE2. bioRxiv. Preprint. 2020 Sep 14:2020.09.13.295691.
https://doi.org/10.1101/2020.09.13.295691.

47. Kumar P. Co-aerosolized pulmonary surfactant and ambroxol for
COVID-19 ARDS intervention: what are we waiting for? Front Bioeng
Biotechnol.2020; 8:577172. https://doi.org/10.3389/fhioe.2020.577172.
48. Brenner S.R. The potential of memantine and related adamantanes
such as amantadine, to reduce the neurotoxic effects of COVID-19,
including ARDS and to reduce viral replication through lysosomal
effects. J Med Virol. 2020; 92 (1): 2341-2. https://doi.org/10.1002/
jmv.26030.

49. Jiménez-Jiménez F.J., Alonso-Navarro H., Garcia-Martin E.,
Agundez J.A. Anti-inflammatory effects of amantadine and memantine:
possible therapeutics for the treatment of COVID-19? J Pers Med.
2020; 10 (4): 217. https://doi.org/10.3390/jpm10040217.

50. Aranda-Abreu G.E., Aranda-Martinez J.D., Aradjo R., et al.
Observational study of people infected with SARS-Cov-2, treated with
amantadine. Pharmacol Rep. 2020; 72 (6): 1538-41. https://doi.
0rg/10.1007/s43440-020-00168-1.

51. Singh Tomar P.P., Arkin .T. SARS-CoV-2 E protein is a potential
ion channel that can be inhibited by Gliclazide and Memantine. Biochem
Biophys Res Commun. 2020; 530 (1): 10-4. https://doi.org/10.1016/j.
bbrc.2020.05.206.

52. Hasanagic S., Serdarevic F. Potential role of memantine in the
prevention and treatment of COVID-19: its antagonism of nicotinic
acetylcholine receptors and beyond. Eur Respir J. 2020; 56 (2):
2001610. https://doi.org/10.1183/13993003.01610-2020.

53. Risner K.H., Tieu K.V., Wang Y., et al. Maraviroc inhibits SARS-

DGAPMAKOIKOHOMMUKA. CospemenHas ®apmakoakoHommnka u ®apmakoanuaemuonorus. 2021; Tom 14, Ne 2

www.pharmacoeconomics.ru

209


http://www.pharmacoeconomics.ru
https://doi.org/10.1016/j.msard.2020.102414
https://doi.org/10.1016/j.msard.2020.102414
https://doi.org/10.1002/jmv.26279
https://doi.org/10.1002/jmv.26279
https://doi.org/10.1016/j.pupt.2020.101942
https://doi.org/10.1016/j.pupt.2020.101942
https://doi.org/10.1053/j.gastro.2020.05.053
https://doi.org/10.1053/j.gastro.2020.05.053
https://doi.org/10.1038/s41467-020-18764-3
https://doi.org/10.1038/s41467-020-18764-3
https://doi.org/10.1016/j.amsu.2020.11.027
https://doi.org/10.1016/j.amsu.2020.11.027
https://doi.org/10.7759/cureus.10918
https://doi.org/10.7759/cureus.10918
https://doi.org/10.4049/jimmunol.169.3.1535
https://doi.org/10.1186/s42234-020-00057-1
https://doi.org/10.1186/s42234-020-00057-1
https://doi.org/10.2174/1871526520999201126203510
https://doi.org/10.2174/1871526520999201126203510
https://doi.org/10.1165/rcmb.2020-0285LE
https://doi.org/10.1165/rcmb.2020-0285LE
https://doi.org/10.1007/s12015-020-09976-7
https://doi.org/10.1007/s12015-020-09976-7
https://doi.org/10.34172/bi.2020.27
https://doi.org/10.34172/bi.2020.27
https://doi.org/10.1101/2020.08.11.245100
https://doi.org/10.1101/2020.08.11.245100
https://doi.org/10.3389/fbioe.2020.577172
https://doi.org/10.1002/jmv.26030
https://doi.org/10.1002/jmv.26030
https://doi.org/10.1007/s43440-020-00168-1
https://doi.org/10.1007/s43440-020-00168-1
https://doi.org/10.1016/j.bbrc.2020.05.206
https://doi.org/10.1016/j.bbrc.2020.05.206

Original articles

frmakoekononika

CoV-2 multiplication and s-protein mediated cell fusion in cell culture.
bioRxiv. Preprint. 2020 Aug 13:2020.08.12.246389. https://doi.
0rg/10.1101/2020.08.12.246389.

54. Shamsi A., Mohammad T., Anwar S., et al. Glecaprevir and
Maraviroc are high-affinity inhibitors of SARS-CoV-2 main protease:
possible implication in COVID-19 therapy. Biosci Rep. 2020; 40 (6):
BSR20201256. https://doi.org/10.1042/BSR20201256.

55. Tariq A., Mateen R.M., Afzal M.S., Saleem M. Paromomycin: a
potential dual targeted drug effectively inhibits both spike (S1) and
main protease of COVID-19. Int J Infect Dis. 2020; 98: 166—75. https://
doi.org/10.1016/j.ijid.2020.06.063.

56. Bolelli K., Ertan-Bolelli T., Unsalan 0., Altunayar-Unsalan C.
Fenoterol and dobutamine as COVID-19 main protease inhibitors: a
virtual screening study. J Mol Struct. 2021; 1228: 129449. https://doi.
org/10.1016/j.molstruc.2020.129449.

57. Bagheri M., Niavarani A. Molecular dynamics analysis predicts
ritonavir and naloxegol strongly block the SARS-CoV-2 spike protein-
hACE2 binding. J Biomol Struct Dyn. 2020; Oct 8: 1-10. https://doi.
0rg/10.1080/07391102.2020.1830854.

58. Scalise M, Indiveri C. Repurposing nimesulide, a potent inhibitor of
the BOAT1 subunit of the SARS-CoV-2 receptor, as a therapeutic
adjuvant of COVID-19. SLAS Discov. 2020; 25 (10): 1171-3. https://
doi.org/10.1177/2472555220934421.

59. Peng H., Chen Z., Wang Y., et al. Systematic review and
pharmacological considerations for chloroquine and its analogs in the
treatment for COVID-19. Front Pharmacol. 2020; 11: 554172. https://
doi.org/10.3389/fphar.2020.554172.

60. Li G., Yuan M., Li H., et al. Safety and efficacy of artemisinin-
piperaquine for treatment of COVID-19: an open-label, non-randomised
and controlled trial. /nt J Antimicrob Agents. 2021; 57 (1): 106216.
https://doi.org/10.1016/j.ijantimicag.2020.106216.

61. Fragoso-Saavedra S., lruegas-Nunez D.A., Quintero-Villegas A., et
al. A parallel-group, multicenter randomized, double-blinded, placebo-
controlled, phase 2/3, clinical trial to test the efficacy of pyridostigmine
bromide at low doses to reduce mortality or invasive mechanical
ventilation in adults with severe SARS-CoV-2 infection: the
pyridostigmine in severe COVID-19 (PISCO) trial protocol. BMC Infect
Dis. 2020; 20 (1): 765. https://doi.org/10.1186/s12879-020-05485-7.
62. Aliter K.F., Al-Horani R.A. Thrombin inhibition by argatroban:
potential therapeutic benefits in COVID-19. Cardiovasc Drugs Ther.
2021; 35: 195-203. https://doi.org/10.1007/s10557-020-07066-x.

63. Habibzadeh P., Mofatteh M., Ghavami S., Roozbeh J. The potential
effectiveness of acetazolamide in the prevention of acute kidney injury
in COVID-19: a hypothesis. Eur J Pharmacol. 2020; 888: 173487.
https://doi.org/10.1016/j.ejphar.2020.173487.

64. Unal G. Turan B., Balcioglu Y.H. Immunopharmacological
management of COVID-19: potential therapeutic role of valproic acid.
Med Hypotheses. 2020; 143: 109891. https://doi.org/10.1016/j.
mehy.2020.109891.

CBepeHus 06 aBTopax

65. Revannasiddaiah S., Kumar Devadas S., Palassery R., et al.
A potential role for cyclophosphamide in the mitigation of acute respiratory
distress syndrome among patients with SARS-CoV-2. Med Hypotheses.
2020; 144: 109850. https://doi.org/10.1016/j.mehy.2020.109850.

66. Cure E., Cumhur Cure M. Can dapagliflozin have a protective effect
against COVID-19 infection? A hypothesis. Diabetes Metab Syndr.
2020; 14 (4): 405-6. https://doi.org/10.1016/j.dsx.2020.04.024.

67. Lee D.Y., Lin T.E., Lee C.I., et al. MicroRNA-10a is crucial for
endothelial response to different flow patterns via interaction of
retinoid acid receptors and histone deacetylases. Proc Nat/ Acad Sci
USA.2017;114(8):2072-7..https://doi.org/10.1073/pnas.1621425114.
68. Uzzan M., Soudan D., Peoc'h K., et al. Patients with COVID-19
present with low plasma citrulline concentrations that associate with
systemic inflammation and gastrointestinal symptoms. Dig Liver Dis.
2020; 52 (10): 1104-5. https://doi.org/10.1016/j.d1d.2020.06.042.

69. Torshin I.Yu., Gromova 0.A., Fedotova L.E., et al. Chemoreactomic
analysis of citrulline malate molecules. Neurology, Neuropsychiatry,
Psychosomatics. 2017; 9 (2): 30-5 (in Russ.). https://doi.
org/10.14412/2074-2711-2017-2-30-35.

70. Legendre F., Bauge C., Roche R., et al. Chondroitin sulfate
modulation of matrix and inflammatory gene expression in IL-1beta-
stimulated chondrocytes-study in hypoxic alginate bead cultures.
Osteoarthritis Cartilage. 2008; 16: 105-14. https://doi.org/10.1016/j.
joca.2007.05.020.

71. Campo G., Avenoso A., Campo S., et al. Glycosaminoglycans
reduced inflammatory response by modulating toll-like receptor-4 in
LPS-stimulated chondrocytes. Arch Biochem Biophys. 2009; 491:
7-15. https://doi.org/10.1016/j.abb.2009.09.017.

72. Kwon P.S., Oh H., Kwon SJ., et al. Sulfated polysaccharides
effectively inhibit SARS-CoV-2 in vitro. Cell Discov. 2020; 6: 50. https://
doi.org/10.1038/s41421-020-00192-8.

73. Ferreira A.O., Polonini H.C., Dijkers E.C. Postulated adjuvant
therapeutic strategies for COVID-19. J Pers Med. 2020; 10 (3): 80.
https://doi.org/10.3390/jpm10030080.

74. DiNicolantonio J., Barroso-Aranda J., McCarty M. Azithromycin
and glucosamine may amplify the type 1 interferon response to RNA
viruses in a complementary fashion. Immunology Letters. 2020; 228:
83-5. https://doi.org/10.1016/j.imlet.2020.09.008.

75. Gromova 0.A., Torshin I.Yu., Fedotova L.E. Geriatric information
analysis of the molecular properties of mexidole. Neurology,
Neuropsychiatry, Psychosomatics. 2017; 9 (4): 46-54 (in Russ.).
https://doi.org/10.14412/2074-2711-2017-4-46-54.

76. Torshin 1.Yu., Lila A.M., Limanova 0.A., Gromova 0.A. Prospects
for the use of chondroitin sulfate and glucosamine sulfate with
osteoarthritis associated with pathology of the kidneys and urinary
system. FARMAKOEKONOMIKA. Sovremennaya farmakoekonomika
i farmakoepidemiologiya / FARMAKOEKONOMIKA. Modern Pharmaco-
economics and Pharmacoepidemiology. 2020; 13 (1): 23-34 (in
Russ.). https://doi.org/10.17749/2070-4909.2020.13.1.23-34.

TopLunH VBaH OpbeBnY — K.0)-M.H., K.X.H., CTapLUIMiA Hay4Hblit COTPYAHUK NHCTUTYTa hapmakouHdopmatuki UL «iHdopmaTtika n ynpasneHne» Poccuinckon
akagemum Hayk; LieHTp xpaHeHus n aHanusa 60nbLumx gaHHsix @IBOY BO «MockoBckuit rocyaapcTBeHHbIn yHueepcuteT um. M.B. JlomoHocosa» (Mocksa, Poc-
cus). ORCID ID: https://orcid.org/0000-0002-2659-7998; Scopus Author ID: 7003300274; WoS ResearcherID: C-7683-2018; PUHL, SPIN-koa: 1375-1114.

[pomosa Onbra AnekceesHa — [.M.H., NpOheccop, Hay4HbIi pykosoauTens NHcTuTyTa dhapmakonHopmatukm ®UL «MHdopmatuka u ynpasnexue» Poccuii-
CKOIf akaieMnmn HaykK, BeAyLLMA Hay4HbI cOTPYAHNK LieHTpa xpaHeHns u aHanu3a 60blunx faHHbiXx PIBOY BO «MocKoBCKNIA roCYAApCTBEHHbIA YHUBEPCUTET
nm. M.B. Tomonocosa» (Mocksa, Poccusi). ORCID ID: https://orcid.org/0000-0002-7663-710X; Scopus Author ID: 7003589812; WoS ResearcherlD: J-4946-2017;

PUHL, SPIN-koa: 6317-9833. E-mail: unesco.gromova@gmail.com.

Yyqanux Anekcangp [puropeesmny — f.M.H., Nnpodeccop, akafgemnk PocCuinckon akagemum Hayk, nynbMOHOMON, 3aBefyOLLniA Kadeapoi rocnuTanbHol Tepa-
nuu neamatpuyeckoro akynsteta ®rAQY BO «Poccuiicknit HaunoHanbHbliA nccneaoBaTenbCknii MeauumnHekuin yHueepeuteT um. H.U. Muporosa» MuH3apasa
Poccumn (Mocksa, Poccusi). ORCID ID: https://orcid.org/0000-0002-5070-5450; PUHL] SPIN-kog;: 7742-2054.

Kypasnes Opwii ViBaHoBuY — [i.MaT.H., NpOdeccop, akafeMnk POCCUIACKOI akafieMni HayK, IMaBHbIii HAy4HbIA COTPYAHUK VIHCTUTYTa chapmMakouHopMaTuKi
OUL «NHdopmatuka u ynpasnenne» Poccuiickoit akagemnn Hayk (Mocksa, Poceus). ORCID ID: https://orcid.org/0000-0002-4911-8478; Scopus Author ID:

7005285135.

210

www.pharmacoeconomics.ru

FARMAKOEKONOMIKA. Modern Pharmacoeconomics and Pharmacoepidemiology. 2021; Vol. 14 (2)


http://www.pharmacoeconomics.ru
https://doi.org/10.1101/2020.08.12.246389
https://doi.org/10.1101/2020.08.12.246389
https://doi.org/10.1016/j.ijid.2020.06.063
https://doi.org/10.1016/j.ijid.2020.06.063
https://doi.org/10.1016/j.molstruc.2020.129449
https://doi.org/10.1016/j.molstruc.2020.129449
https://doi.org/10.1080/07391102.2020.1830854
https://doi.org/10.1080/07391102.2020.1830854
https://doi.org/10.1177/2472555220934421
https://doi.org/10.1177/2472555220934421
https://doi.org/10.3389/fphar.2020.554172
https://doi.org/10.3389/fphar.2020.554172
https://doi.org/10.1016/j.mehy.2020.109891
https://doi.org/10.1016/j.mehy.2020.109891
https://doi.org/10.1016/j.mehy.2020.109850
https://doi.org/10.14412/2074-2711-2017-2-30-35
https://doi.org/10.14412/2074-2711-2017-2-30-35
https://doi.org/10.1016/j.joca.2007.05.020
https://doi.org/10.1016/j.joca.2007.05.020
https://doi.org/10.1038/s41421-020-00192-8
https://doi.org/10.1038/s41421-020-00192-8

OpurvHanabHbIe TyOIUKALIUA (Dﬂ[]Mﬂliﬁﬁl{UHUMﬂl{ﬂ

About the authors

Ivan Yu. Torshin—PhD (Phys. Math.), PhD (Chem.), Senior Researcher, Institute of Pharmacoinformatics, Federal Research Center “Informatics and Management”,
Russian Academy of Sciences; Big Data Storage and Analysis Center, Lomonosov Moscow State University (Moscow, Russia). ORCID ID: https://orcid.org/0000-
0002-2659-7998; Scopus Author ID: 7003300274; WoS ResearcherlD: C-7683-2018; RSCI SPIN-code: 1375-1114.

Olga A. Gromova - Dr. Med. Sc., Professor, Research Supervisor, Institute of Pharmacoinformatics, Federal Research Genter “Informatics and Management”,
Russian Academy of Sciences; Leading Researcher, Big Data Storage and Analysis Center, Lomonosov Moscow State University (Moscow, Russia).
ORCID ID: https://orcid.org/0000-0002-7663-710X; Scopus Author ID: 7003589812; WoS ResearcherID: J-4946-2017; RSCI SPIN-code: 6317-9833. E-mail:
unesco.gromova@gmail.com.

Aleksandr G. Chuchalin — Dr. Med. Sc., Professor, Academician of the Russian Academy of Sciences, Pulmonologist, Head of Chair of Hospital Therapy, Faculty of
Pediatrics, Pirogov Russian National Research Medical University (Moscow, Russia). ORCID ID: https://orcid.org/0000-0002-5070-5450; RSCI SPIN-code: 7742-2054.

Yuriy . Zhuravlev — Dr. Math. Sc, Professor, Academician of RAS, Senior Researcher, Institute of Pharmacoinformatics, Federal Research Center “Informatics
and Management”, Russian Academy of Sciences (Moscow, Russia). ORCID ID: https://orcid.org/0000-0002-4911-8478; Scopus Author ID: 7005285135.

DGAPMAKOIKOHOMMUKA. CospemenHas ®apmakoakoHommnka u ®apmakoanuaemuonorus. 2021; Tom 14, Ne 2 www.pharmacoeconomics.ru 2 11


http://www.pharmacoeconomics.ru
https://orcid.org/0000-0002-2659-7998
https://orcid.org/0000-0002-2659-7998



