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3aboJieBaHMe, PacpOCTPaHUBIIEECS O BCEMY MUPY, BbI3bIBAEMOE KOPOHABUPYCOM
SARS-CoV-2 u HazsanHoe COVID-19, mepBoHauaqbHO CUMTATIOCh OCTPBIM pecrirpa-
TOpHBIM auctpecc-cuHapomoM (OPC). 3ateM ObLIO YyCTAaHOBJIEHO, UTO 3TO 3a00je-
BaHUE XapaKTepU3yeTcs] HECBOMCTBEHHBIMU IiJ1st MHOTUX ocTaibHbIX OPJIC TpoMbo3a-
MM KPOBEHOCHBIX COCynoB. I[IpuMeHeHMe B KayeCTBe aHTMKOAryJIsIHTa IpernapaToB
HebPaKIMOHUPOBAHHOTO W/WJIM HU3KOMOJIEKYJISIPHOTO renapyuHa 3HaYUTeIbHO CHU3U-
JIO CMEPTHOCTb M TSDKECTh TEYEHMST 3a00JieBaHUSI, TaK KaK TerapuH SBJISIETCS IO~
(byHKIIMOHATIBHBIM CpelcTBOM. B mpencraBieHHOM 0630pe 0000I1eHbI CBEISHUS JINTE-
paTypbl 0 MexaHu3Max raroreHe3a SARS-CoV-2, oxapakTepu3oBaHbl CBOIMCTBA renapu-
Ha, TTO3BOJISIIOIIME MHTMOUPOBAaTh 3T MEXaHU3MBbI Ha JIF000iT CTaIiK MTAaTOJIOTMIECKOTO
npoiiecca. [IpemioxeHa runore3a (GopMUpOBaHUs MMOPOYHOTO MATOTEHETUYECKOTO
kpyra nipu COVID-19, a Takxke aBTOPCKMIA MOAXOA K UCIOJIb30BAaHUIO rerapuHa B Ma-
JIBIX 1103aX, 3a paMKaMW ero aHTUKOATyJISTHTHBIX CBOWCTB. [lpoBeneHHBIN aHaIu3
GoJblIoro criekTpa 3(h(eKTOB U MEXaHU3MOB IEUCTBUSI rerapruHa MOMOXET CO3/1aTh y
3aMHTEPECOBAHHOTO YMUTATENSI MPEACTaBICHNE O COBPEMEHHBIX BO3MOXHOCTSIX MPU-
MEHEHUSI 3TOTO JIEKapCTBEHHOTO TIpernapara.

Karouesvie cnosa: COVID-19, remapuH, KOMIUIEKCOOOpa30BaHUE, CHUCTEMBI KPOBH,
MPOTHBOBOCIAJIUTEIbHBIE CBOMCTBA, MOCTTPAaBMAaTUUECKOE CTPECCOBOE PACCTPOMCTBO
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Bupycsol o6impHoro cemeiictBa Coronaviridae — ato pecrimparopasie PHK-Bupycsr,
aHTPOTMO300HO3HbIE MHMEKIIMOHHBIC TTATOTeHBI, UMEIOII1e TPUPOIHbIE pe3epByaphl MH-
ek 1 obpasyloniue equHbie nTMHaMUYHbIe TeHopoHabl. Ha3zpanue “Coronaviridae”
(KOpOHaBUPYCHI) CEMECTBO 3TUX BUPYCOB MOJYUMIIO OJarogapsi KpyIHbIM TerioMepam
(oTpocTKaM 000JI04YKM, OKPYKAIOIIel BUPUOH ), HAITOMUHAIOIIMM KOpoHY. [IpuunHoii co-
BpeMEHHOI maHaeMuu siBisieTcs: kopoHaBupyc SARS-CoV-2 (Severe Acute Respiratory
Syndrome-Related Corona Virus 2), a BbI3bIBaeMoe UM 3a00JieBaHUE, XapaKTepU3YIOIIIe-
ecsl MUPOKUM CITEKTPOM MPOSIBIICHUM: OT MaJIOCUMIITOMHOTO 10 KaTacTpo(hHUIeCKOro,
COIIPOBOXIAIOIIETOCS ITOJIMOPTAHHOM HEIOCTAaTOYHOCThI0, ObU10 HaszBano COVID-19
(Coronavirus Disease 2019, COVID-19).

IlepBoHavanbHO 3a00jieBaHME OBUIO ITPU3HAHO OCTPBIM PECHUPATOPHBIM IMCTPECC-
cunapomoM (OPIC), nis jiedeHUsT KOTOPOTO HavyaJiu MPUMEHSITh MPOTUBOBUPYCHBIE U
MPOTHUBOBOCHAIUTEIbHBIE Mpenaparbl. OMHAKO BCKOPE CTajo SICHO, 4TO 3(h(hEKTUBHOCTD
WCITOJIB3yEeMBbIX JIEKAPCTBEHHBIX CPENICTB HelOCTaTOUHa, Tak Kak rnmpu COVID-19 y nanu-
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€HTOB YaCTO BCTpeyaeTcsl OOIbIIOE YUCIO TPOMOOTUYECKUX COOBITUI B Pa3IMYHBIX OpP-
raHax 1 UMEHHO 3TH OCJIOXKHEHUS OTIPEaEe/IsSIIOT KaTacTpoduuecKue MmocaeacTBUst 3a00-
neBanus [1]. ITo maHHBIM, ONyOJIMKOBAaHHBIM MCCeAoBaTeIsIMA U3 T. YxaHb (Kuraii),
OCHOBHBIMH MapKepaMM, aCCOLIMMPOBAHHBIMU C Pa3BUTHEM TSIKEJIOTO TeUeHMsI 3a001e-
BaHMSI ¥ BO3MOXHOTO JIETAIBHOTO MCX0/IA, SIBJISICTCSI BEICOKHI, HEIPEPHIBHO YBEININBA-
IOLIIMICS B IMHAMUKE HaOMoneHus: ypoBeHb D-auMepa, 1 MpoayKTOB Aerpanaiuu puo-
puHoreHa [2].

Tunepkoaryiasuusi — 3T0 JOCTATOYHO HEOOBIUHOE SIBJIEHUE IS CUMIITOMOB, COIPSi-
JKEHHBIX C PECTUPATOPHBIMU BUPYCHBIMU 3a00JIeBaHUSMU. B CBSI13U € MOSIBI€HUEM MHO-
KecTBa Imyoaukanuii o tpom6o3ax mpu COVID-19 B HacTosiiee BpeMsi MHOTHE KIWMHU-
LIMCTBI U MCCEA0BATEIM pacCMaTPpUBAIOT 3TO 3a00jeBaHUE KaK MPOTPOMOOTUYECKOE.
OnHaKo 10 HACTOSIIIIEr0 BpeMeHU HET KOHKPETHOM enuHoil ctpareruv u 3¢h¢heKTUBHOTO
nesieBoro jedeHust COVID-19. dakTuyecku B MUpPE BeIeTCs SMIUPUIECKUIT OTOOp Ha-
LIMOHAJIBHBIX U MEXAYHAPOMHbIX MPOTOKOJIOB JIeYeHUsI C KoOMOUHauuei Hecrieuuduue-
CKMX IMOCUHAPOMHBIX JieKapcTB. TeM He MeHee, 1o NJaHHbIM BceMupHOIi opraHu3anuu
3apaBooxpaHeHus (BO3), ucnonb3oBaHue TeMaprHOB Yy TOCTUTAIM3UPOBAHHBIX MallM-
€HTOB B KPUTUYECKOM COCTOSTHUM MPEANOYTUTEIbHEe APYTruX aHTUKOArylasiHTOB [3, 4].
TermapuH sIBSIETCSI OMHUM M3 CTapeillInX HAaTYypaJIbHBIX TEPANeBTUYECKUX CPEICTB, XO-
pOIIO 3apEKOMEHAOBABIIMX Ce0sl B KAaUECTBE aHTUKOATYJISTHTA MPU TPOMOOIMOOJIUSIX,
ocTpbIX MH(MAPKTax MUOKapaa, B 00JIACTU TeMaToJIOTuu, TpaHC(PY3MOHHONH MEIULIMHBI,
KapaAUOXUpypruu u np. HecMoTpsi Ha WIMTENbHYIO UCTOPUIO U3YUYEHUST U TIPUMEHEHUS B
MEIUIIMHE, MHOTME CBOICTBA TenapuHa ellle MaJOM3BECTHBI U Majio MCIOJb3YIOTCS B
KuHUYeckoi npaktuke. Habmonaemas y nammeHtoB ¢ COVID-19 runepxoarynsiiust
BbI3BaJIa Ae0aThl B COOOIIECTBE Bpayeil pa3HbIX CHELMAIbHOCTE O TepareBTUYECKOit
TMPUTOIHOCTU TenapruHa. TO OOBSICHSIETCS TEM, YTO MHOTMM BpadyaM B OCHOBHOM XOPO-
1110 U3BECTHBI MOOOYHBIE 3¢ (PEKTHI MPeIapaToB renapruHa U MaJIOU3BECTEH BECh CIIEKTP
UX TepareBTUYECKUX CBOMCTB, a TaKXKe 103bl U CIIOCOObI BBEAEHMS. TeM He MeHee, B pa3-
HbIX CTPaHaX KJIMHUIUCTAM TIPUIIIOCHh TIPUMEHSITh Mpenaparhl renaprMHa, YTo CHU3UIIO
nokazareau D-nuMepa, yJIydiivmio BHDKMBAEMOCTb MAIMEHTOB W OOYCIIOBUIIO TEPEXO]
OT T1aTOJIOTUYECKOTo BocrnaaeHus B 3 EKTUBHBI UMMYHHBIN OTBET.

Lleab naHHOrO 0630pa — O3HAKOMUTh UMTATEs el C AMANa3o0HOM OOIIUPHBIX CBOUCTB
rerapuHa, MpoJeMOHCTPUPOBATh €ro CUJIbHbBIE CTOPOHBI U CUTYalluM, KOTJAa paMKU €To
MPUMEHEHMUST CJIeTOBAJIO OBl pacIIMPUTh, OCOOEHHO 3TO KacaeTcsi COBPEMEHHOM CUTya-
uuu nanaemun COVID-19. B crarbe momuepkuBaeTcsi pojib POCCUMCKUX UCClIeoBaTe-
Jieil B MBy4eHUM CTPYKTYPBI MOJIEKYJIbI TenaprHa 1 3 eKToB NeCTBUS 3TOr0 YHUKATb-
HOTro OMOJIOTMYECKU aKTUBHOTO BEllleCTBA.

CBOMCTBA DHAOTEHHOTO F'ETNTAPMHA,
NCTIOJIB3YEMOT O IJIA MTOJIYYEHUA KOMMEPYECKHUX ITPETTAPATOB

Dpa npodUIaKTUKK BEHO3HBIX TPOMOO30B U 9MOOJIMIA rerapruHOM Havaaach B 1916 1.
C OTKPBITHS BEIIECTBA, BbIAEIEHHOTO U3 KJIETOK MeYeHU, 00J1a1atolero aHTUKOATyJIsSTHT-
HOIl aKTMBHOCTBIO. ABTOPOM OTKDPBITUSI ObLT cTyneHT-Menuk JIxeit MaknuH (Jay Mc-
Lean), paboraBmuii Ha Kadenpe ¢pusnonornn YHuBepcureTa JxxoHa XonkuHca B ba-
TUMOpE TIO/I PYKOBOJICTBOM 3HAMEHUTOIO aMEPUKAHCKOTO yuyeHoro — mnpodeccopa Yu-
nbsima Xayaiia (William Howell) [5]. BriociencTBuy aHTUKOATYISTHTHOE BEIIIECTBO OBLIO
Ha3BaHO “rernapuHoM”. AKTUBHOE UCCJIeIOBaHUE U UCIIOJIb30BaHUE B KIIMHUKE KOMMEP-
YeCKUX IMperapaToB HAYaJIOCh MOC/e pa3pabOTKU HATPUEBBIX U KaJbLIMEBBIX COJIeil remna-
puHa [6]. B HacTosIIee BpeMsl KOMMepPUYECKHe MpenapaTthl reraprHa MmojiyJaroT U3 TKa-
HEW JIETKMX KPYITHOTO POraToro CKOTa U U3 KUIIIEeYHUKA CBUHEN.

lenapyH — NIMKO3aMUHOITIMKAH, OIMH U3 MEIMAaTOPOB TYYHBIX KJIETOK, MTPUCYTCTBY-
IOIIMX BO BCEX TKAHSIX U OpraHax, HO OCOOEHHO 60TaThl UMM JIETKUE U KMIIIEYHUK MJIEKO-
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nuTatomux. [ermapuH, BbACASIEMbId BO BHEKJIETOUHOE MPOCTPAHCTBO TYYHBIMU KJIETKA-
MU, B (PU3UOJOTMUECKUX YCIOBUSIX HE MOCTYIAET B KPOBb, HO UCIMOJb3YETCsI JIOKATBHO,
TJIe BBITIOTHSIET B OCHOBHOM (PYHKIIMU Hecielin(UIeCKOro afanToreHa, 3amuiias opra-
HU3M OT TOKCUHOB, Mapa3uTOB PA3TUYHON MPUPOLI (B TOM YHUCIIe OT BUPYCOB U OaKkTe-
puii), TPOBOCHAUTENbHBIX BELIECTB, SABJSSICh AKTUBHBIM MTOJIMAHUOHOM U PETYJISITOPOM
MEXKJIETOUHBIX B3aMMOAEHCTBUIA [7]. AHTUKOAryJsIHTHbIE CBOMCTBA remapuHa CTaHO-
BSTCS 3HAYMMBIMU IO BO3ACHCTBMEM JIIOOBIX BHEIIHUX WM BHYTPEHHUX (haKTOpPOB,
MPUBOSIIIUX K YTPO3€ HapylIEHUsI MUKPOLUPKYJISILIUU, cTa3a, TpoMbo3a U Ap. Yke Ha
PaHHMX CTAIAUsIX 3TUX TPOIECCOB IrermapuH MOCTyNaeT B KPOBb, e MPEenoTBpalliaeT Mmo-
BpEXAEHUE IHIIOTENIUSI COCYIOB IyTeM CBSI3bIBaHUS (KOMITJIEKCOOOpA30BaHUSI) U MHAK-
TUBALUM OMOJIOTMYECKU AKTUBHBIX BEIIECTB, YMEHbIlas aAre3MBHOCTb 3HAOTENUS,
BOCCTaHaBJIMBas U3MEHEHHBIN 2JIeKTPOOTPULIATEIbHBIN MOTEHIIMA MeMOpaH 3HA0Te-
JIMOLIUTOB, TOPMO3sl aKTUBALMIO KJIETOYHBIX U TJIa3MEHHBIX (haKTOPOB CBEPThIBAHUS
kpoBu |7, 8]. Takum 0Opa3oM, 3HAOTCHHbII TeNapuH SIBASIETCS MOJUMPYHKIIMOHATb-
HbIM OMOJIOTMYECKU aKTMBHBIM MEAMATOPOM TYYHBIX KJIETOK, TOTAa KaK aHTUKOary-
JISHTHOE JeNCTBUE SIBJSIETCS JIMIIb OMHUM M3 MEXaHU3MOB, C TTIOMOII[bIO KOTOPBIX TeTia-
PUH TpeaynpexnaeT TpoMO0O3 U CIOCOOCTBYET BOCCTAaHOBJIEHMIO Cpellbl OOWMTaHUS
OKPYXaIIUX KJIETOK, 00ecIieunBasi UM MOJHOLIEHHYIO 10CTaBKY TPODUYECKUX U SHEP-
reTUYecKux BelecTs [7, 8].

MonexkynspHasi Macca MOJIEKYJT KOMMepUYecKoro HedhpakIIMOHUPOBAHHOTO rerapuHa
(H®T), Boimensemoro u3 TkaHeit, konebiaercs or 3000 o 60000 JaneroH. Kak u B Tyu-
HBIX KJIeTKax, MoyieKyiabl HPT — ecrecTBeHHOro 6uomnoiInuMepa nojavMcaxapuaHON mpu-
POIbl, TIPEACTABIISIIOT COOO0I TUHENHYI0O HEPA3BETBICHHYIO 11€Mb, COCTOSIIILYIO U3 TTIOBTO-
pSIIOIIUXCS TUCaXapUIHbIX 3BeHbeB YPOHOBOI KucsioThl GIcA nin IdoA u riroko3aMuHa
GIcN, a-1-4-muKo3uaHbIX CBsi3eil. Bbicokasi cTerneHb cyabaTUPOBAHUSI MOJIEKYJIbI
o0ecrieunBaeT BbICOKMIT OTPULIATENILHBIN 3apsi/l U BBICOKYIO CTETICHb CBS3BIBAHMUS C IPY-
TMMHU OMOJIOTMYECKM aKTUBHBIMU BEIIIECTBAMU, U3MEHSISI UX CBOMCTBA. B cBsi3u ¢ 00Jb-
IIMM CXOACTBOM C 3HIOreHHbIM renapuHoM, H®OI oGHapykuBaeT nonncyHKIMOHAIb-
HbIe KauecTBa [7, 8].

HwuskomonekynsapHsie renaputsl (HMI) npeacrapnsitor coboii Kiace aenojimMepu-
30BaHHBIX PA3IUMIHBIMU CIToco6aMy Mpou3BoaHbIX HPT, cirykammx a1t CHUKESHUS T10-
60unbix addexktoB HPI. Kaxnprit Tum HMI' oGnagaer yeTKo BBIpaXXeHHBIM KyMYJIsi-
TUBHBIM 3(pPekToM U papMakosOruuecKum npoduiieM, NO3TOMy CBEACHUS, MOJTYYEH-
Hbl€ P U3y4yeHuu cBoiicTB oqHoro HMI, Henb3st akcTpanoauposaTh Ha Apyrue [7—9].

AHnTuKoaryinsHTHbIe cBovicTBa HOT 1 HMI pasauunbsl. HOT crmocobeH cBsI3bIBATHCS
(o0pazoBeiBaTh KoMmIuiekc) ¢ aHTutpoMOuHoM 111 (ATIII) u omHOBpeMeHHO C TPOMOU-
HOoM (ATIII—H®TI'—TpoMOUH), UHIMOUPYST aKTUBHOCTh TpoMOuHa [10]. Kak uzBecTHO,
TPOMOWH KaTaJu3upyeT MpeBpallieHrue GudpuHoreHa B GuOpuH, TpaHCGHOPMUPYIOLIN-
csl cHavasia B GUOpUH-MOHOMED, 3aTeM (DUOPUH-TTOJUMED, a TTOC/Ie CTa0UIU3aluu, BMe-
cre ¢ TpoMbouuramu npespaiuaercs B Tpom6. Kommiekc ATIII—H®I'—rpoMOuH ne3ak-
TUBHMPYET Takue (pakTophl cBepThiBaHUs, Kak 1Xa, Xa, Xla, XIla. OgnoBpemenHo HOT
CITOCOOCH CBSI3BIBATBCS C KoaKTopoM remapuna I, yrto Takke HeiATpaim3yeT TPOMOWH.
Onnako apdekr HPOT ocnabnsiercst (CHUXXaeTcsi GUOAOCTYITHOCTD) M3-3a BBICOKOI CITO-
COOHOCTHU CBSI3bIBAThCS C OMOJIOTMUECKU aKTUBHBIMY BEILIECTBAMU Pa3HOI NMPUpPObIL: hep-
MEHTaM1, TOPMOHAMU, HYKJICMHOBBIMU KMCJIOTaMU, ajikajiougamu u ap. Kpome toro, y
H®T umeeTcs psii MOOOUYHBIX IEHCTBUI, KOTOPBIE YACTUYHO HUBEJUPYIOTCS TIPU YKOPO-
yeHuu Mosiekyibl [8, 9]. Cuuraercs, yto npeumyinectsamu HMI gaBnsitoTcs: 6osee Bbi-
paXkeHHas HaIMpaBJIEHHOCTh aHTU-Xa 3¢ dekTa, 60blIasg GUOIOCTYITHOCTh, U IO PSILY
CBeIeHUI MeHbllIee ynucyio ociaoxxkHeHuit [9]. Ipeumymectsamu HOT sgBasiores: oTHO-
CUTENIbHO HU3Kasl CTOMMOCTD Mpenapara, OTCyTCTBUE TEPATOTeHHOTO U SMOPHUOTOKCHYE-
CKOro JeHCTBUIA, a TAaKKe Haluuue aHTUIoTa (mpotaMuHa cyiabdar). [IporamuHa cyiib-
dat (ITC) saBasieTcss OCHOBaHUEM W, CBSI3bIBAsICh C KUCJIOTHBIMU OCTaTKaMM TernapuHa,
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obpasyeT ctabuiibHbIN Komiuieke ¢ HOT. OnHoBpemeHHo ITC nHayLupyeTt paspylieHue
koMmriekca ATIII—H®I'—TtpoMOUH, 4YTO NMPUBOAUT K CHMXKEHUIO aHTUKOATYJISTHTHOI
akTuBHOCTU rerapuHa. Helitpanuzanuss HOT nmporcxonut B TeueHe HECKOJIbKUX MUHYT.
IIpomomxurensHoCcTh AevicTBust [1C cocTaBisieT okoo 2 9 (B 3aBUCUMOCTH OT TeMIIEpaTy-
pol Tena). Cam IIC obnamaeT HE3HAUUTENTbHON AHTUKOATYJISTHTHOM aKTUBHOCTHIO [9].
HMT u HOT Hanbosee 4acTo BBOASATCS BHYTPUMBIILIEYHO U MMOAKOXHO, OJHAKO T0Ka3a-
Ha 3 (GEKTUBHOCTD AEUCTBUS TenapyHa IpY MHTpaHa3aJIbHOM, UHTPApeKTaIbHOM, UH-
raJsiiMOHHOM BBEIEHUSIX U Hapy>XHO B BUje Maseil. Micronab3yercsl renapyvH U B MeAu-
LIMHCKMX YCTPOMCTBAaX, HAIIPUMED, JJISI SKCTPAKOPIOPaTbHOM OYUCTKY KpoBH [7—9, 11].

MHITNBUPOBAHUE 'ETTAPUHOM MEXAHU3MOB
MHTEPHAJINU3ALIMU BUPYCA SARS-COV-2 B KJIETKHN XO34EB

B HacTostiiee BpeMst n3BecTHO, YTO SARS-CoV-2 UCITONBb3YeT TOT 3Xe peLienTop BXoaa
B KJIETKY, UYTO U MHOTUE APYrue BUPYChl — aHTMOTEH3WH-TIpeBpatatonuii ¢pepment I1
(Angiotensin-Converting Enzyme 2, ACE2). Yenoseueckast kapookcumenrtunaza ACE2
konupyetcst reHoM ACE2, pacrionoxeHHBIM Ha 22-#1 xpomocome [12]. ACE2 mpencraB-
JIsIeT co0oit TpaHCcMeMOpaHHBI 6eioK | Tuma, nMeIii BHEKIeTOUYHbIM N-TJIMKO3u-
JAUpoBaHHBIT N-KOHIIEBOI Yy4acTOK, Ha KOTOPOM HaXOAUTCSI KapOOKCHUIIENTUIa3HbIMH
CaliT, a TakXe KOPOTKWII BHYTPHMKIETOYHBIII C-KOHILIEBO ILUTOIIa3MaTUYECKUIA
XBOCT. N-KOHIIeBOI1 MenTUAA3HBINA qoMeH sBiseTcs MecToM cBsiz ACE2 ¢ SARS-CoV.
Taxxe BoeImensioT nBe opmbl 6enka ACE2: kieTounyio (CBsI3aHHYIO ¢ MeMOpaHOIi) 1
OUpKynupyoomnyio (pactBopumyio). Kierounas popma — 3TO ITOTHOLIEHHBIN OEI0K, CUH-
Te3UpyeMblii B OOJIBLINX KOJTWYECTBAX THEBMOLIMTAMU, SHTEPOLIMTAMU TOHKOU KUIIKU U
npyrumu kietkamu. Lupkynupyroias dopma (y Hee coxpaHsieTcsi N-KOHIIEBOU TeNTH-
Ja3HBIN y4aCTOK) BO3HUKAET I10CJIe paciieruieHus KiretouHoii popMmbel ACE2 MeTamionpo-
Teazoit ADAM 17, mocie 4ero oHa MoItagaeT B MEXKJIETOUHOE IIPOCTPAHCTBO [12].

YCTaHOBJIEHO, YTO PELIENITOP-OIOCPENOBaHHOE MPOHUKHOBEHUE BUpYyCa 3aBUCUT OT
HaJuuusi MeMOpaHO-CBSI3AHHOW CEpUHOBOI mMpoTeas3bl, Tpoaykra reHa TMPRSS2.
OrpeneneHo, 4TO IS YCIIEITHOTO BX0OJa B KJIeTKU X03simHa BupycaMm SARS-CoV-2 Heo0-
xomumo Hannaue omHoBpeMeHHO ACE2 u TMPRSS2. [Toka3aHo, 4T0 BUPYC UCITOJIB3YET
s cBsi3biBaHUSI ¢ ACE2 MOBEpXHOCTHBIN CHANKOBBIM MIMKONPOTEUH (S), MMEIONINiA
nBe cyobenuHulibl (S1 u S2). Cyobwenunuiia S1 umeer N-koHieBoii (NTD) u C-koHie-
Boie nomeHbl (CTD1, CTD2 u CTD3). ¥ Bupyca SARS-CoV-2 Ha CTD1 pacrnionaraercst
peuenTop-cBs3biBatolnii foMeH (receptor-binding domain, RBD), koTtopsiit B3auMo-
neiictByeT ¢ ACE2 Ha kirerouHoit moBepxHocTu. CyOobenmHMIIa S2 3amycKaeT CIAUSTHUE
BUpYyca C MeMOpaHOi KJIETKU, YTO MTPUBOAUT K MIPOHUKHOBEHUIO BUpYca BHYTPh (puc. 1).
Pacmerienue S 6enka Ha cTbike S1 1 S2 ocyliecTBisieTcs: 61aromapsi IIpoTea3aM X031~
Ha, TakuM Kak TMPRSS?2 (puc. 1) [13, 14].

Takoit myTh MHTepHAIM3ALIMN XapaKTepeH JUIsi MHOTUX BUPYCOB. J10CTaTOYHO MTaBHO
WU3BECTHO, UTO MPOTUBOBUPYCHBIE 3(GhEKThl rernapvHa B OTHOIIEHUM TeprieCBUPYCOB
(HSV-1), Bupycos 3uka (Z1KV) u apyrux BUpycoB OCHOBaHbI UMEHHO Ha €ro CITIOCOOHO-
CTH K 00pa30BaHUIO KOMIUIEKCHBIX coenrHeHuit [15, 16]. CoBceM HemaBHO Partridge n
coaBr. (2021) ycraHoBuu, uto HOTI cniocobeH Ha 80% MHrnonpoBaTh MpOHUKHOBEHUE BU-
pyca SARS-CoV-2 B KIIeTKI X03s1MHa, 00pa3yst KOHKYPEHTHOE CBSI3BIBAHNE, 8 UMEHHO, KOM-
miekcHble coennHeHns1 ¢ RBD nmomenamu (puc. 1). Tak ke, Kak 1 BO MHOTUX IPYTUX
cllyJyasix, IpOTUBOBUPYCHOE neiicTBue 6oee BhipakeHo y HOT, yem y HMT [17].

Bupyc SARS-CoV2, npoHukas B KJIETKU XO35IMHA, pa3pyllaeT NIMKOKAIUKC — CJIOX-
HBIl KOMITJIEKC MEMOpPaHHO-TIPUKPETIIIEHHBIX TTPOTEOTTTMKAHOB, TNIMKO3aMUHOTJINKAHO -
BBIX LIETIC, ITIMKOMPOTEUMHOB U aIre3UBHBIX OCJIKOB IJIa3Mbl, BBITTOTHSIOIINX 3alIUTHBIC
¢GYHKIIMU B OTHOIIEHUM KJIETOYHON MeMOpaHbl. [NMKokanuke obecrieumBaeT u3bupa-
TEJIbHOCTh TPAHCIIOPTA BEILECTB, TPUHUMAET y4acTUe B 00Pa30BaHUU KOHTAKTOB MEXIY



IT'OPU3OHTDLI TEITAPUHOTEPAITNUN [TPU COVID-19 403

Viruses SARS-CoV-2

! Heparin
sfRBD ~ blocks

RBD of

Puc. 1. Cxema coequnenust Bupyca SARS-CoV2 ¢ kieTrkamu X03siMHa, UCTOJb3Ys pelenTophl xo3sinHa. bio-

KMpOBaHUeE pelenTop-cBs3biBaoliero nromeHa (RBD) Bupyca renmapuHom.

KJIETKaMU, BBITIOJTHSIET PELENTOPHYIO U MapKepHYI0 QYHKIIMU. B KpOBEHOCHBIX cocynax
NIMKOKAJIMKC pacriojlaraeTcsl Ha BHYTPEHHE! TTOBEPXHOCTU SHIOTENUS, OTAENSASI €ro OT
KpOBU U coceaHuX KneTok [7, 8]. ¥ naumentos ¢ COVID-19 HapylieHue ciost IMKOKa-
JiMKca oOyC/lIOBIMBAaeT pa3pyllieHUue KJIETOUHbIX MeMOpaH, YTO MPUBOAUT K Pa3pyllu-
TEeJIbHOMY HapacTaHUIO TMJIOTHOCTU CKOIUIEHUS B UMUPKYIAUUU HOCchHOIUTONPOTEUHO-
BBIX YaCTHUII, 00J1aaloNIX 3HAYMTEIbHON TPOMOOIreHHOM aKTUBHOCTBIO (puc. 2). B mo-
KJIIMHUYECKUX MCCIIeTOBAaHUSX COOOIIANOCh, YTO HapylIeHUE CJIosl MIMKOKaJIuKca B
MUKpOcCOCyaax JieTkux uHayuupyercs akrtubauueit TNF-o-3aBucumoii remapaHasbl,
paspymamwoleii renapaHcyinbdar. [pumenenune HOT unun HMI 3ammuinaer rimMkoka-
JIMKC OT Aerpajaliy MyTeM MHIuOMpoBaHUsSI aKTUBHOCTH TerapaHassl [18]. ITockonbky
aKTUBALIMS TerapaHa3bl MOXET MOBBILIATh YPOBEHb IKCIPECCUU METAJUIONPOTEMHA3 (B
yactHoctu, MMP-2 1 MMP-9), renapuH oqHOBpEMEHHO CIIOCOOEH OCiIabisiTh Hapa-
IBaHMEe KOHILIEHTpaunu 3tux sHaonentuaas npu COVID-19 [19].

KOATYJOTIATHUSA ITPU COVID-19, MEXAHWU3MbI IENCTBUS TETTAPMHA

I1ponukHoBenue BupycoB SARS-CoV2 u X TOKCMHOB BBI3BIBAeT IpyObIe MOBPEXKIE-
HUS SHAO0TEJIMS KPOBEHOCHBIX COCYIOB U IPYTUX KJIETOK X03sinHa (puc. 2) [19]. Obieus-
BECTHO, YTO OOJIBIIYIO POJIb B COXPAHEHUM aHTUKOATYJISIHTHBIX CBOMCTB KPOBU UrpaeT
OucnoiiHast TUNUaHass MeMOpaHa SHIOTEIMS, TIPU TTOMOIIM KOTOPOM TOIIePXKUBAETCS
pazinyre KOHLEHTpalMU BELIEeCTB B LIMTOIUIa3Me KJIETKM M OKpyXamwleil cpene. Bo
BCeX CJIydassX MOBPEXIeHUs MeMOpaHbl 3HOOTeNIMs, B ToM umciie u mnpu COVID-19,
0oJbllIOoe 3HAYEHNE UMEET ITypUHEepruveckas rnepenadya TpOMOOTEHHBIX CUTHAJIOB, HAYM -
Hatomasics ¢ BeicBoOoXaAeHUS AT® u AJI®D 13 moBpekAeHHBIX, AKTUBUPOBAHHBIX KJIE-
ToK (puc. 2). Bo BHEKJI€TOUHOM IIPOCTPAHCTBE MPOUCXOIUT aKTUBALIMS BHEKIJIETOYHBIX
peuentopoB AT® u AII®D (takux kKak P2X7), 4To MHAYLIMPYET CUTHAIbHbIC MEXaHU3MbI
MOCTYIUIEHNs NOHOB Kanbimst (Ca’") B HUTOIIa3My SHIOTENNS COCYIOB M3 BHEKIETOU-
HBIX U1 BHYTPUKJIETOUHBIX UCTOYHUKOB (puc. 2) [20]. 3HaunTebHOE TTOBBIIIEHUE KOH-
nentpanuy Ca?t B SHIOTENMANBHBIX KJIETKAX BBI3bIBAET GJIOKUPOBaHUE (BePMEHTHBIX
CUCTEM TpaHCMEMOpPaHHBIX OEIKOB-NIEPEHOCUMKOB, TPAHCI0Ka3, YYaCTBYIOIIUX B Mepe-
Hoce ¢ochaTuamiceprHa u ¢pochaTUIMISTaAHOJIAMUHA C HAPY>KHOM CTOPOHEI MeMOpa-
HbI Ha BHYTPEHHIOI0. B pe3ynbTaTe MpouCXoauT 1LieTlb COOBITUI, Beayllas K pa3pbixiie-
HUI0O MeMOpaHbl M1 U3MEHEHMIO CTPYKTYpPhI KapKaca OeJKoB LiuTtockesiera. Ilpu 3Tom B
KPOBOTOK MOTYT OTTOPrathcst (ocdommMmnonpoTeMHOBbIC YaCcTUIIbI, 00JIagatoIe TPOM-
OOreHHOI akKTUBHOCTHIO (puc. 2). Ha TpaHcopMUpOBaHHON KJIETOUHON MOBEPXHOCTHU
OTPULIATESIBHO 3apsi>KEHHbIE KUCJIOTHBIE ocTaTKU dochoaunuaos, pu ydyactuu ATO,
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Puc. 2. Cxema TpomboreHHoro aeiictsust Bupyca SARS-CoV2 u aHTUTpoMOOTreHHbIX 3G EKTOB rernapuHa.
ROS — aktuBHBIEe hopMbI Kucaoponaa, SOD — cynepokcumacMyTasa, TyHKTUPHBIC CTPEJIKA — MHTHOUPYIO-

miee HeﬁCTBHe, CIUTOIOTHBIC CTPEJIKN — aKTUBaILlUsA, — MPOBOCTIAJIMTEIIbHBIC KIIECTKU

AJI® u Ca’", akTMBUpYIOT U 00pasyloT CBsI3b ¢ BUTaMUH K-3aBUCHMMBIMU (hbakTOpamMu,
MOCTOSTHHO HaXoIsIIUMUCS B ria3Me KpoBu. KitroueBoit hazoii aTux 3hHeKkToB SaBisieT-
Csl yCUJIEHUME 3KCITPECCUU TKaHEBOTO (pakTopa — OEJIKOBOTO KOMIIOHEHTA, MTPUCYTCTBYIO-
11IeTO Ha MTOBEPXHOCTHU MPAKTUYECKU BCEX KJIETOK OpraHM3Ma MJICKOIUTAIOIIUX U 00J1a-
JaIoIIero OOIBIION TPOMOOTeHHOM aKTUBHOCTBIO ITPY BO3IEAICTBUM NATOTCHHBIX (haKTO-
poB (puc. 2) [20, 21].

Hanexko He BceM uszBecTHO, uTo HDI sBnsiercs perynsiropom adpdekro ATD, obpa-
3ysl C 3TUM UCTOYHUKOM 3HEPIUU KOMILUICKCHBIC COeAMHEHUsI, 00JIalalole aHTUKOary-
JISTHTHBIMM M aHTUTPOMOOTUYECKUMU CBOMCcTBaMHU [22]. BMecTe ¢ TeM renapuH sIBisIeTCS
CEJICKTUBHBIM MHTUOUTOPOM PElenNTOPOB MHO3UTOII-1,4,5-Tpudocdara, ydacTByIOIIETO
B npoitecce AT®-3aBucumoro noroka Ca?* B KJIeTKH, ¥ CHOCOGEH yXe HAa HayalbHOIL
CTaayM aKTUBAlIUM WHTMOUPOBATh (haKTOPhl CBEPTHIBAHUS, CHUXasl YPOBEHb BHYTPH-
kierouHoro Ca2t [23]. CnenoBartenbHO, refapuH HOPMaIM3YeT MPOHULAEMOCTb U (DYHK-
LUV KJIETOYHBIX MeMOpaH. Bo3MOXHOCTh BIMSTHUSI TerapyuHa Ha KOHILICHTPAIUI0 MOHOB
Kasnblius o0ycinaBauBaeT Takxke 3 heKThl ero 1ecTBMS Ha UMMYHHBIE TIpoliecchl [7—9].

HawuGonee usBecrHoe Bcem cBoiicTBO HOT — 3710 aHTUKOATYISIHTHAST (DYHKIMS B Ka-
YyecTBe MHIMOUTOpa (pakTOpOB CBEPTHIBAHUSI KPOBU, OCYLLIECTBIIIEMasi Uepes3 MoCpeiICTBO
€CTECTBEHHBIX aHTUKOATYJITHTOB, IMPUCYTCTBYIOIIMX B OPraHM3Me XKMBOTHbBIX U YEJIOBEKa.
UYpesBblualftHO BaxKHbIII M W3BECTHBI aHTUKOATYJISIHT — 3TO CepnuH, aHTUTpoMOuH 111,
BaxKHENIIMI (PU3NOJIOTMYeCKU il MHTMOUTOp TpoMOUHa. Ero nosiroe Bpemst Ha3bIBaJIM OC-
HOBHBIM aHTUKOATYJISIHTOM, TaK Kak aHTuTpoMOuH 11l cmoco6eH mHrmoupoBaTh npak-
TUYECKM BCE MPOTea3bl CBEPTHIBAHUSI KPOBM, TUIA3MUH, TPUIICUH, a Takxke Cls Komrio-
HeHT KoMruieMeHTa. [Ipeobmamaer y antutpomobuHa Il anTukoaryissHTHast akTUBHOCTD
B OTHOLIIEHUU TpOMOMHA, pakTopoB Xa u Xla. O6pa3zoBaHue KOMILIEKCAa aHTUTPOMOUH
[II—renapH—TPOMOUH CYIIECTBEHHO yBEJMYMBAET aHTUKOATYJISTHTHOE JIEeHCTBUE aH-
tutpom6buHa I1I (B 1000—100000 pa3, puc. 2). YacTUUHO 3TO OOBSICHSIETCS TEM, YTO T10-
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cJie 0Opa3oBaHUsI KOMILUIEKCA, TeMapyH IUCCOLIMUPYET U3 HEro U CBSI3bIBAETCS C APYroit
Mouiekyiaoii antutpoMm6uHa I11, reHepupyst MHOXECTBEHHbIEC IIMKJIbI MHAKTUBAIUM (hep-
MeHTa TpoMOuHa [10]. DTO B3auMoAeicTBIE peain3yeTcs JIMIIb B TOM ClIydae, €CJIA MO-
JIeKyJia TerapuHa COAePXKUT He MeHee 18 caxapuIHBIX OCTaTKOB. BaskHO OTMETUTH, UTO
cBoiictBo HOTI' 1 HMTI 06pa3oBbIBaTh KOMILIEKCHI CO MHOTUMU OGUOJIOTMYECKU aKTUB-
HBIMM BellleCTBaMU ObLIO MOAPOOHO M3yYeHO U oxapakTepu3oBaHo B 50—70-x rr. XX-ro Be-
Ka POCCUIMCKMMU YYEHBIMU TOI pyKOBoACTBOM Ipodeccopa b.A. Kynpsiosa. B yact-
HocTU, KynpsoBbIM 1 ero cCoTpyTHUKaMU ObLT BbIIEJIEH U TTOAPOOHO M3YYeH KOMILIEKC
antutpoM6uH I1I-renapuH-TpoMOUH [10], ToTHa KaK 3a pyOe koM 3TOT KOMITJIEKC HayYr-
JIMCh BBIIEJISITh U U3y4aTh mo3xe [24, 25].

OcranbHble aHTUKOATYJISTHTBI, TAKWE Kak: KodakTop renapuHa 1, nmporeuH z-3aBucu-
MBI TPOTEa3HbII UHTMOUTOP, UHTMOUTOP TIpoTenHa C, HEKCUH- 1, UHTMOUTOP aKTUBa-
Topa IUTa3MUHOTeHa- 1, THruOMTOp MyTU TKaHEBOIo (haKTopa, MHTMOWTOP BHEIIHETO MyTHU
obpaszoBaHus MIPOTPOMOMHA3EI (AHHEKCHUH V), TakK Xe, Kak 1 aHTuTpoMOuH 111, o6pa3zy-
10T KomIuiekchl ¢ HDTI, yto MHOrokpaTHO ycrianBaeT ux aeiictsue [9, 25].

CTOUT OTMETUTD, YTO IIOMUMO O0Opa3oBaHus GuOpUHa, TPOMOUH IeHCTBYET 3a Mpeae-
JlaMM MEXaHU3MOB CBEPThIBaHUS KPOBU. B HOpMe, MpY JOCTUKEHUM B LUMPKYJIUPYIOLIEH
KPOBH TOPOTOBOIi KOHIIEHTPAIIMM, TPOMOWH B3aMMOJIEICTBYeT ¢ MEMOPAHHBIM OEJIKOM,
PELIENITOPOM HEMOBPEXICHHOIO 3HAOTe M — TpoMooMonyrmHoM (CD141 wiu BDCA-3),
KOMIIJIEKC TPOMOMH-TPOMOOMOIYJIUH aKTUBUPYET pedIeKTOPHYIO AYyry MPOTUBOCBEP-
ThIBawlleit cucreMsl [26]. B pesyabrare 3T0r0, B HOpMe TpPOMOMH MHAYLMPYET BEIOPOC
TKaHEBOTO aKTUBaTOpa IUIA3MUHOT€HA W3 3HIAOTENUS, YTO CTUMYIUPYET HUOPUHOIU3Z,
Ipenynpexaamliuil BOSBHUKHOBEHE B COCYIMCTOM pPYycCjie CTaOUIM3MPOBAaHHOIO (hud-
puHa. B cucreme pubpuHoIM3a onpeaensitoTcss KOMIOHEHThl (DEPMEHTATUBHOM U He-
depmenTatuBHON Tipuponasl. [locaenHuit, TIaBHBIM KOMIIOHEHTOM KOTOPOTO SIBJISIETCS
rermapuH, 66U OTKPHIT U u3yueH b.A. KynpsioBsiM 1 ero corpyaaukamu [10, 26].

B otimmume ot HopMmaiabHOro coctossHUA y rmanueHToB ¢ COVID-19, Ha poHe runepko-
aryJisiiuu HabJIrogaeTcs pa3BUTHE IYOOKO# Aerpeccun cuctembl (udbpuHonusa. MHTe-
PECHO OTMETUTH, YTO NAJIEKO HE BCE MCCIIeNOBATEd UM KIMHUIUCTH paccMaTpUBalOT
BO3MOXHOCTb MCIOJIb30BaHUS TeNapuHa JJisi HOpMau3aluu cuctemMbl (hUOpPUHOIN3A,
HECMOTpSI Ha TO, YTO AOCTATOYHO JAaBHO MU3BECTHA CIIOCOOHOCTb TrenapruHa CTUMYJIUPO-
BaTh reHepaluio Miaa3MuHa nmytem cBsi3biBaHus renapuHa (H®I u HMT) ¢ caiitamu ak-
THUBATOPOB IUIa3MUHOTeHAa KaK ypoKrnHa3Horo (u-PA), Tak u TkaneBoro (t-PA) tuma. 9tu
a3 dexTsl renaprHa crmocoOCTBYIOT YPaBHOBEIIMBAHUIO CBEPTHIBAIOIIEH, TPOTUBOCBEP-
ThIBawILIe 1 GUOPpUHOIUTHUYECKOU cucTeM KpoBH [9, 27, 28].

Kpome aktuBuzauum (epmeHTaTUBHOTO (hUOpUHONM3A, TeNapuH, SIBJISISICb OCHOB-
HBIM KOMITOHEHTOM He(depMeHTaTUBHOI (GDUOPUHOIUTUYECKON CUCTEMBI, OOIanaeT sip-
KO BBIPAXXEHHON aHTUIOJIUMEPU3ALUOHHON U (PUOPUHOIUTUYECKON aKTUBHOCTSIMU B
OTHOILIEeHUU (GUOPUH-MOHOMEPOB U HECTAOMIM3UPOBAHHBIX PUOpUH-TI0MMepoB (HPT
B Ooublieit Mepe, yem HMT) (puc. 2) [9, 10, 26].

BOCMAJIMTEJIbHO-UMMYHHBIY OTBET IMPU COVID-19
N MPOTUBOBOCIIAJIUTEJIbHBIE D®®EKTHI TETTAPUHA

B HacTos111ee BpeMs XOpOIlI0 U3BECTHO, UTO CBEPTHIBAIOIIAsT, IPOTUBOCBEPTHIBAOIIIAS
1 GUOPUHOIUTUYECKASI CUCTEMbI KPOBM COBMECTHO C UMMYHHOI CUCTEMOI COCTaBJISIIOT
eIVHYIO 3alIUTHYIO (hyHKIIMOHAIBHYIO CUCTEMY opraHu3Ma. HapyieHve onHoON 13 HUX
He3aMeIJIUTEJIbHO CKa3bIBAETCSI HAa COCTOSSHUU APYrux. Tak, Hampumep, B3auMomaeii-
CTBHE MEXIY OITyXO0JIEBOI TKaHbIO, CUCTEMOI reMoCTa3a U UMMYHHOI CUCTEMOI Mpouc-
XOJIUT TIO TUITY KacKaja B3aMMHOI aKTUBallMU, TEM CaMbIM ITPUBOJS K (hOPMHUPOBAHUIO
TMOPOYHOTO Kpyra, pe3yJbTaTOM YETO SIBJISIIOTCSI OBPEXIEHUE SHIOTENNS, IIPOBOCHAIM -
TEJILHBII CTaTyC U TPOMOO3bI B COCYIMCTOM pyCJe, T.€. pa3BUTUE TPOMOOTUYECKO MUK~
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Puc. 3. Cxema uaMeHeHuii cBepThIBatolieit cucteMbl Kposu nipu COVID-19. ROS — aktuBHbIe HOPMBI KHUCIIO-

pona, PI — npoBocnaiuTebHble HIUTOKUHBI.

poanrronatuu. [TokazaHo, YTO MOCPEMHUKAMU B 3TOM B3aMOJEUCTBUM BBICTYTAIOT 11~
TOKUHBI [29].

BeposiTHO, aHasornuHble MexaHu3Mbl hopmupytotes ipu COVID-19, kotopsele, UH-
NYUMPYs BOCHATUTEbHYIO PEaKIIMIO, B TSXKEJIBbIX CIIydasiX, IMTOKWUHOBBIN IITOPM, OKa-
3bIBAIOT BJIMSIHUE HA BEChb OPraHu3M, a TakXKe MPSIMOE U OMOCpeI0BaHHOE BO3IEMCTBUE
Ha LIEHTpaJIbHYIO HepBHYIO cucTemy [30, 31].

TpanMIMOHHO, UHUIMAIIMST BOCTIAJIUTEILHON peakiluyu MPUBOAUT K Hecnenubude-
CKOI aKTMBAllUM TaKUX MPOBOCTAIUTENbHBIX (POPMEHHBIX 2JIEMEHTOB KPOBU, KakK Jieii-
KOLIMTBI U TPOMOOILIMTHI, MOBbIIIAsA UX CITOCOOHOCTh K MUTPAIIUU, aare3uu U MHUIb-
TpaluMu TKaHeil. Y 4yenoBeKa OOJIBIIYIO YaCTh JIEUKOILIUTOB COCTABIISIOT HEUTPODUIIBI
(40—70%). TTomuMo AerpaHysIsIIKA M (DarolmnTo3a, akTUBUPOBAHHBIE HEUTPOMUIILI BbI-
CBOOOXIAIOT BHEKJIETOUHBIC JIOBYIIKM (CeTun), cocTosiue u3 BHekieTouHoi JIHK, ru-
CTOHOB, OMOJIOTMYECKN aKTUBHBIX O€JIKOB U aKTMBHBIX ¢opM Kuciopomda. Ilosgsisercsa
BCe OO0JIbIIIE CBUAETENBCTB TOTO, UTO HEUTPO(DUIbHBIE BHEKJIETOYHbIE CETU, 0Opa3yIOIIH-
ecsl B 0OJIBIIIOM KOJIMYECTBE, UTPAIOT PEIIAIOILYI0 POJIb B MATOreHEe3¢ BHYTPUCOCYIUCTO-
ro TpoM603a M rmojimopranHoi HegpoctatrouHocty mpu COVID-19 (puc. 3) [32].
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BaxHbiM acriekToM BocrniaiiMtesibHoro mpoiiecca npu COVID-19 gapnsieTcst okcuaa-
TUBHBII CTpecc, XapaKTepU3yIoIIriics n1ucbaJaHCOM B reHepaliu aKTUBHBIX (DOpM KHC-
JIOpOJia Y OTBETHBIX PeaKkInsIX aHTUOKCUAAHTHBIX cucTeM [33]. OkcumaTuBHBbIN cTpecc,
TMIPOSIBIISIONIMICA 3HAUUTEIbHBIM TOBBIIIIEHUEM KOHIEHTpAIMM aKTUBHBIX (OpM Kuc-
JlopoJla, HapyllaeT MPOHUIAEMOCTb FeMaTo-TKaHEeBbIX 0apbepoOB, BHOCUT pellarolInii
BKJIaJl B Pa3BUTUE MATOT€HETUYECKUX MEXAaHU3MOB, TaK KaK NPy 3TOM MPOUCXOAUT pa3-
pyllleHre OKpyXalollux KiaeTok, nopexnenue JHK, nunumnos, 0elkoB, HapylleHUe
GbyHKIMIT pa3nuyHbIX (pakTopoB pocTa (puc. 3). Bce 310 MOXeT ObITh MPUUMHON CTUMY-
JISIAU CEKPELIMU OOJBIIOTO KOJIMYECTBA MPOBOCHATUTEbHBIX IIMTOKWUHOB, BIUIOTH JI0
LIMTOKMHOBOTO 1mTopMa. Tak e, Kak u nipu cerncuce, ipu COVID-19, Hapsiny ¢ nerku-
MU, KUIIEYHUK SIBJISIETCS MUILIEHbIO BUpPYyCHOUM MHbekuuu. B pe3ynbrare Hapylaercs
MPOHULIAEMOCTb KUILIEYHON CTEHKHU U MPOBOCMAIUTENbHBIN 9HIOTOKCUH, TPOAYLIUpYE-
MBI PE3UIEHTHBIMU IPaMOTPULIATEIbHBIMU OAKTEPUSIMHU, MOIaIaeT B CUCTEMHBII KpO-
BoTOK. bakrepuanpHas JIHK v sHIOTOKCUHBI GBI OOHAPYXKEHBI MTPAKTUYECKU Y BCEX
Ts2Keno60abHBEIX COVID-19 [34, 35]. OTH Tpurrephl BOCIAIUTEILHOIO OTBETA eIlle CHIIb-
Hee aKTUBMPYIOT MEXaHU3Mbl KacKala Koaryysilivuu, 3afeicTBysl MyTh TKAHEBOTO dakropa
(puc. 3). Kak 6bU10 MOKa3aHO B 3KCIMEPUMEHTAX Ha MbIIIaX, TOCPEACTBOM 3TOTO IMyTH
9HIOTOKCUH U ¢akTop HeKpo3a onyxonu (TNF-o) nHaynupytoT BeIpabOTKy MHTEpeii-
kuHa (IL-6) u gpyrux mpoBOCHAIUTENbHBIX IMTOKUHOB, YTO COMTPOBOXIAETCS YBEINYE-
HUeM obpazoBaHus TpoMOMHa u ¢udpuHa (puc. 3). [1pu atom BBenenne HMI Hopma-
JIN3YET COCTOSTHUE KUIIIEYHOTO Oapbepa U COCTOSTHUE MPOTUBOCBEPTHIBAIOIIEH CUCTEMBI
KpoBu [36].

OCHOBBIBasIChb Ha JAHHBIX, IPUBEACHHBIX BBILIE, KPATKO MOXHO OXapaKTepHU30BaTh,
KakuM 00pa3oM MOTYT ITOMOYb IperapaThl renaprHa rpyv BOCHaJIuTeIbHOM OTBETE, CBSI-
3aHHoM ¢ COVID-19. CyuiecTtByeT, 1o KpaiiHeil Mepe, MsTh BO3MOXHOCTEI:

1) aKCIIepUMEeHTAIBHO M KITMHWYECKHU T0Ka3aHO, YTO KoMMepueckuit rermapyud HOT n
CeJIEKTUBHO jecynbdarupoBaHHblii renapuH (HPOT co cHUXEHHOI aHTUKOATYJISIHTHO
aKTUBHOCTbIO) CITOCOOHBI MHTMOMPOBAaTh 3KCIPECCUI0 OCHOBHBIX MPOBOCHMATUTEIbHBIX
uutoknHoB — [L-6, IL-8, IFNYy, TkaneBoro akropa n KommoHeHTa KoMmruiemeHTa C3A
[7-91;

2) mokaszaHo, uto HOT 1 HMT cHMXAaloT KOHLIEHTPALUI0 TOKCUYHBIX TUCTOHOB, MO~
SIBJISIIOLIMXCSI BO BHEKJIETOYHOM MPOCTPAHCTBE B pe3yJibTaTe BblOpoca HelTpodunamu
cereit (puc. 3). st mposiBIeHUST 3TUX CBOMCTB rernapruHy Heo6XoaMMo HaJuuMe cysibda-
TUPOBAHHBIX IPYIII, XOTs ObI B HEOOIBIIIOM KojinuecTse [7—9, 32];

3) BBenenue HOT u HMI uHruGupyer akTUBALMIO MPOBOCIAIUTEIbHBIX KJIETOK,
CHMXAET UX CMOCOOHOCTh K MUTPALlMU, arperauuu, aare3uu, rnoaasisieT Jeikouurap-
HYyI0 MHGWIbTpalvio TkaHel (puc. 2, 3) [7-9, 15];

4) HOT nposiBisieT aHTUOKCUIAHTHBIE CBOMCTBA, CTUMYJIMPYST OKCITPECCUTO CYTIEPOK-
cunaucmyTtassl (CO/M) pasmmunbivu kietkamu. COJI urpaeT OCHOBHYIO pOJIb B aHTHOK-
CUJAHTHOM 3allMTe OT aKTUBHBIX (hopM Kucyopoja (puc. 2, 3) [7-9];

5) HOT u HMT o6yciioBIMBalOT YMEHbIIEHE SHIOTOKCUH-CTUMYJMPOBAHHOM 3KC-
MPECCUU TEHOB, YTO CITIOCOOCTBYET BOCCTAHOBJIEHUIO SHIOTEIMAIbHOTO Oapbepa KUIleu-
HukKa [34, 35].

CTPECCOPHBIE 3ABOJIEBAHMS, CBSI3AHHBIE C TAHAEMWEN COVID-19,
AHTUCTPECCOPHbBIN DODEKT I'ETIAPMHA

Bnunemun, nogooHeie COVID-19, Bcerma nMeoT MacCy HEraTUBHBIX ITOCICICTBUIA.
Ilcuxonormyeckue 3PeKTh COLMATbHON M30JISINN, BIMSIHUE TTOCTOSIHHOIO 3MOIIMO-
HaJIbHOTO HAMPSDKEHUSI, COTIPSIPKEHHOTO ¢ HEOOXOAMMOCTBIO COOJTIONEHUST HETTPEPBIBHOIM
MOBBIIIEHHOM OAMTEIbHOCTH B OTHOIIEHWUM COOJIIOACHUS MpaBu MpodUIaKTUIEeCKO
MEIULIMHBI, CBSI3aHbI C HEOJIArOMPUSITHBIM BJIMSTHUSM Ha MCUXWYECKOE 3I0pOBbE Hace-
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neHus1. Bce aTo o6ycnoBuiio nosisiieHue B 2020 T. MHOTOYMCIEHHBIX TaHHBIX, CBUAETEb-
CTByIOIIMX O TOM, 4To Ipu nangemuu COVID-19 y HacejleHUsI MHOTMX CTpaH 3HA4YM-
TEJIbHO MOBBICUJIACh YaCTOTa Pa3BUTUSI CUMIITOMOB BBbIPaXXEHHOTO CTpecca, TPEBOTU U
NIeTpeccuu Jaxe y He mepedoseBmux monaeit [37]. [loaToMy Bo MHOTHX CTpaHaX y Hace-
JICHUST OOHAPYKUIICS BBICOKWM TTPOLIEHT CUMIITOMATUKU ITOCTTPAaBMaTUIECKOTO CTpeC-
cosoro pacctpoiictBa (IITTCP). Takum o6pa3om, CyliecTByeT HEOOXOIUMOCTD IICUXOJIO-
TMYECKOr0 M MEIMKAMEHTO3HOTO BMEIIATEIbCTBA JJISI TTPOTUBOJAEHCTBUS KPAaTKOCPOY-
HBIM U JOJITOCPOYHBIM TICUXOMATOJOIrMYeCcKUM TociencteusaM nanaemun COVID-19.

IITCP pacueHnuBaeTcst Kak cepbe3HO€ MYJIbTUCUCTEMHOE 3a00JIeBaHIE, XapaKTepU3y-
oleecsl HapylIeHUeM TCUXOJIOTUYECKOM ananTaiuuu, COMpOBOXIalolIeecss coMaTuye-
CKMMU 3a00JieBaHUSIMU. B Hallmx sKcnepuMeHTaIbHBIX paboTax ObUIO 3aperucTPUPOBAHO
nHaynupoBaHHoe [TTCP cHukeHre ypOBHSI LIMPKYJIUPYIOIIETO KOPTUKOCTEPOHA, AUC-
TpoduyecKue U3MEHEHUs B NIEYEHN U HAAIIOYEeYHUKAX, HapyllIeHUEe COCTOSIHUS TeMaTo-
JIOTMYECKOTO roMeocTasa (TUMepKoaryJsiius). YCTaHOBJIEHO, UTO KypCOBOE BHYTPUMBIIIIEY -
Hoe BBeneHne HOI B oueHb ManbIx no3ax (Huxke TepanesTudyeckux, 64 ME/kr) nocie ¢op-
mupoBaHus [ITCP, 00ycioBuIIo yCelIHYIO aaanTaiy, HOpMaIU3alio MOBEIEHUECKUX U
MopdOGYHKIIMOHAJILHBIX HApYIIIEHU I HaAImoYeYHKOB U rieyeHu [38]. TlocnenHee urpa-
eT OOJIBIIYIO POJib, TAK KaK BOCCTAHOBJICHUE CTPYKTYPHI MTEYEeHU, B KOTOPO CUHTE3UPY-
eTcsl GONIBIIUHCTBO (PaKTOPOB CUCTEM KPOBU, KOPPEJIMPOBAJIO C HOpMain3aiueit cocto-
SIHUSI CBEPTHIBAIOIIEH M TPOTUBOCBEpThIBaWILEi cucrteM. BoccraHoBimeHue mMopdo-
(YHKIIMOHATIBHOTO COCTOSIHUSI HAJIOYEYHUKOB CIIOCOOCTBOBAIO BO3BpAlEHUIO K
HOpMe€ YPOBHS KOPTUKOCTEpOHAa. ONTUMM3ALIMS MOBEIEHYECKOTO U TICUX03MOLIMOHAJb-
HOT'O COCTOSIHMSI TIOC/Ie BBEICHUSI TerapuHa, BEposiTHEE BCEro, 0OBCHSIETCS €ro Crocob-
HOCTBIO TIPOXOJIUTH UYepe3 reMaToaHIehaTndecKuii 6apbep, yaydiiaTh TeKy4eCcTh KPOBH,
y4acTBOBaTh B PEryJsiliMA PELENTOPOB HelipoMenuaTtopoB. Kak ycraHOBieHO paHee,
H®I' u HMT o6pasyoT komiuiekchl ¢ Hevipomenuatopamu (AKTI) u ropmoHamm
cTpecca (aapeHajH, KOPTU30J Y JIIOAei, KOPTUKOCTEPOH Yy J1a00paTOPHBIX I'PHI3YHOB),
W3MEHSsIsl UX YPOBEHb B KPOBM M BHOCS BKJIaJl B afanTauMoHHble nmpouecchl [38, 39]. IMo-
JIyd€HHBbI€ PE3yJbTaTbl MOTYT MOCIYXUTh OOOCHOBAaHMUEM [JISI PACIIMPEHUS] KIWMHUYE-
CKOTO IMPUMEHEHMUS TerapruHa B MaJibIX 103aX C LIEJIbIO TTPeypeKaeHUs 1 JICUSHUST TICU -
xocomarnyeckoii natonoruu npu [TCP, o0ycnoBieHHON pa3IMYHBIMUA MPUYUHAMU, B
ToM yucie u COVID-19.

I[TOBOYHBIE 5®OEKTBI TETTAPUHOTEPAITNUHA

TTogo6HO MHOTMM apyrum npenaparam, rermapud (H®T u HMT') o61agaeT no6o4YHbI-
mu neiictBusiMu. [lpu aTOM, MHOTHME KJIMHULIMCTBI HE OOHAPYXUBAIOT PAa3HULIBI 11O Ya-
crore ocnoxHeHuit mexny HOT u HMI. [MockonbKy KIMHWYECKUE MPEUMYIIECTBA U
npobsieMbl 6€30MaCHOCTU CYIIECTBYIOT OOK O OOK, ClIeIyeT COCPEeIOTOYNUTh YCUIUS Ha
MaKCUMAaJILHOM TepalleBTUYeCcKOM 3(ddeKTe IMpy MUHUMHU3ALUN ITOOOUYHBIX 3(PphEeKTOB
rernapuHa.

HaunboJsiee yacThIM 1 OUYE€BUIHBIM MTOTEHLIMAIbHBIM OCJIOXKHEHUEM TerapuHOTepaIruu
(ocobenno H®I') snsiercst KpoBoTeueHre. Ha BTopoM MecTe Mo 4acToTe BO3HMKHOBE-
HUS TIOTEHIIUAIBHBIX OCJIOKHEHUI CTOUT TrerapuH-UHIAYLUMPOBaHHAs TPOMOOIUTOTIe-
Hus. OcTajibHbIe TTOTEHLIMAJIbHBIE OCIOXHEHUS, TAKME KaK OCTEONOpPO3, KOXHbIE peak-
UM, 203MHOMGWINS, ajolelus, TMChYHKIIMS ITeYeHU, ocTpas rernapuHoBast “aHadu-
JlaKCusl” Y TUMIOAbIOCTEPOHM3M BO3HUKAIOT JOBOJbHO peako. YacTora BOSBHUKHOBEHUS
OCJIOXKHEHUI rermapuHOTEpaniy OAMHAKOBA Y MY>KUMH U Y KEHIIIWH, BO3PACT HE SIBJIsSIET-
cg pakTopoM pucka [9].

HaubGonee BaXHbIMU MPUUYUHAMU OCJIOKHEHUI TrenapuHOTEpaIuy SIBJISIIOTCS Cleay-
foiue: 1) 6onblast 1o3a BBonuMoro renapuHa (6ojee 500 ME/cyTkun); 2) 3HauuTeIbHAS
MPOJOJIKUTEILHOCTD BBelieH s (Oojiee 2 Hemenb); 3) couyeTaHue JIeKapCTBEHHBIX Tpera-
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paToB M COITYTCTBYIOLIMX 3a0ojieBaHUil; 4) MHAMBUAYaJdbHbIe ocobeHHOCTH. Haunboee
YacTo KPOBOTEUECHUS HAGIIOAAIOTCS Y OOJIBHBIX, CTPAIAOIINX XPOHNYECKUM aJTKOTOJIN3-
MOM, a TaKKe IMPU COBMECTHOM Ha3HAUYEHUU rerapyHa U acrupuHa [7—9].

PASPABOTKA HOBBIX TETTAPUHOITOAOBHDBIX ITPEITAPATOB

B Hacrosiiee BpeMsi komMmepueckue npernapatel HOI a1 K1MHUYecKoro nmpuMeHe-
HUS TI0JIy4aloT U3 OMOJIOTMYECKOTO ChIphsl. Takoit cmocob moiaydyeHus renapuHa He uc-
KJIIOYAeT BO3MOXHOCTU BUPYCHOU KOHTaMWHAIIMW, KOHTAMUHALIMU TPUOHAMU U [Ip.
B cBs13M ¢ 3TUM, a TakXke C 1eIblI0 MUHUMU3AIMU MOO0YHBIX 3(h(eKTOB renapuHa, nep-
CNEKTUBHBIM HarMpaBJIeHUEM SIBJISIETCSl pa3paboTKa CIOCOOOB MOJy4YeHUs rerapuHa B
MPOMBIIIEHHBIX MaclITabaX U3 paCTUTEIbHBIX UCTOYHUKOB. [IpenBaputenbHbie pe3yib-
TaThl, OJyYEHHbIE POCCUINCKUMU yueHbIMU — yueHUuKamu b.A. KynpsiioBa, yka3siBator
Ha BBICOKYIO 3((EKTUBHOCTh T€IapUHOMOIOOHBIX aHTMKOAryJSIHTOB PAaCTUTEIbHOIO
npoucxoxneHusi. U3 kopHeit nmuoHa Paeonia anomala ObIN BbIIEIEH aHTUKOATYJISIHT,
cxoAHbli 110 aevictBuio ¢ H®I, HO NuIleHHBIN eT0 TOOO0YHBIX 3(P(PEKTOB. YCTaHOBIEHO,
YTO MPY BBEIEHUN B KPOBOTOK Ja0OOPATOPHBIM IPhI3yHaM, 3TOT rerapuHOW OKa3bIBaeT
neiictBrue Ha Bce (pa3bl Tpolecca CBEPThIBAaHUS KPOBU, BbI3bIBAET 'YMOPAJIbHYIO peak-
LIMIO BBIIEJIEHUS U3 COCYAMCTOTO SHAO0TENUs TKAHEBOTO aKTMBATOpa IMIa3MUHOIeHa, 00-
nagaetT GpuOpUHAESTOIUMEPU3aALIMOHHBIM 3 dekToM. OOHAPYKEHO, YTO PaCTUTEIbHbIN
rerapuHou, aHanornuyHo H®PT, criocobeH 06pa3oBbIBaTh KOMIUIEKCHI C OMOJIOTHYECKU
aKTUBHBIMU BellecTBaMu. [lonyyeHHbIe nTaHHBbIE OOOCHOBBIBAIOT 1I€JIECOOOPA3HOCTh U
HEOOXOIMMOCTb JaJTbHENIIIETO UCCIET0BAHUS MTOJYYEHHOTO PACTUTEIbHOTO IrelapuHOM-
ma [40].

SAKJIIOYEHUE

B kauecTBe aHTUKOATYJITHTOB B KJIMHUKE MPUMEHSIOT KaK He(pakKIMOHUPOBAaHHbIC
(H®T'), Tak u Huskomoltekyisipubie (HMI') pasHoBunHocTu renapuHa. HanbGosnee yacto
WCITOJTB3YIOTCST BHYTPUMBITIIEYHBIM Y MOAKOXKHBIN ITyTU BBeACHMS TermaprHa. HauMeHb-
1IIee YMCII0 HeXeIaTeIbHBIX TTOOOYHBIX 3((hEKTOB 0OGHApYKMBAETCS TP BBEACHUU Ma-
JIBIX 103 TerapuHa W WHTAJISIIMOHHOM CIlocoOe MmpuMeHeHus. JleueHue npemnapataMmu
H®TI' u HMT craenyet npoBoauTh Moa KOHTpoOJIEM MoKa3aTesieil remocrta3a. Kak u Bce
JIEKapCTBEHHbIE TIpeTapaThl, rermapuH 00J1agaeT psSaoM OTPULIATEIbHBIX TOOOUYHBIX JIEi-
CTBUIA, YMCJIO KOTOPBIX CHUXKAETCSI ¢ YMEHBIIEHWEM BBOIVWMOI T03bI, IJTUTEILHOCTH Jie-
YeHUsI, IJIMHBI ¥ CTENIEHM CYTb(aTHpOBaHUST MOJICKYITbI.

B cBa3u ¢ mangemueit COVID-19, remapuH npuBjiekaeT BHUMaHUE KJIMHUIIMCTOB,
¢dapmakosoros, (prU3N0IOTOB U OHOJIOTOB KakK MOANGYHKIIMOHAIBHOE CPEICTBO, PETryn-
pyloliiee MHOTHE OMOXUMUYECKUE U (PU3UOJIOTHYECKUE MPOLIECChl B OPraHM3ME YeJIoBeKa 3a
cueT oOpa3oBaHUs KOMIUIEKCHBIX COEIMHEHUM CO MHOTUMU OMOJIOTMYECKU aKTUBHBIMU
BellecTBaMU. Kak v HIOTeHHBI renaprH, 3K30r€HHbI rerapyuH MOXET MOKUIATh Ofl-
HU KOMILJIEKCHBIC COCIUHEHUST 1 00pa30BbIBaTh APYrue, U3MEHSIsl CBOMCTBA U coaepkKa-
HUE OOJIBIIMHCTBA POCTOBBIX (DAKTOPOB, IUTOKMHOB, XeMOKUHOB, AT®, AIID, ypoBHSs
MOHOB KaJIblMs U 1p. CTereHb U3MEHEHMST BEIIECTB IO/, IEMCTBUEM TerapyuHa 3aBUCUT
OT €T0 CPOJICTBA, CBOMCTB MOJIEKYJIbI TeTlapyuHa, KOHLIEHTPALIMU 000UX KOMITOHEHTOB U
COCTOSIHUS OKpYyXkatolleii cpenbl. B KoHeuHoM cueTe, 3¢ deKThI rernapruHa co3qatT yclIo-
BUS U1 HOpMaJIM3aluuu QYHKUMY TKaHEeW U OpraHoB, 0OYCJIOBIMBAIOT aHTUCTPECCOP-
HbII 2 hEKT NMPU OCTPOM CTpecce U MOCTTPaBMaTUYECKOM CTPECCOBOM PAacCCTPOMCTBE.

CoracHO COBpEMEHHBIM METOAMYECKUMM peKOMeHaalusaM, HazHayeHue HDPT wim
HMI noka3zaHo BceM rocnuraivu3upoBaHHbIM TManueHTtaM ¢ COVID-19. JlokazaHHBIX
MpeuMyIIecTB Kakoro-inb6o ogHoro HMI' nmo cpaBHEHUIO ¢ IPYTMMU BBISIBJIEHO HE ObI-
sio. [pumMeHeHre renaprHa BO MHOTMX KJIMHUMKAaX MUpa CIOCOOCTBYET POCTY BbIXKMBae-
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MOCTHU U YJIYUIIEHUIO COCTOSIHUSI OOJBbHBIX, Y KOTOPBIX MPU renapuHOTEPANTuU IMPOUCXO-
JIUT TIePEXO TaTOJIOrMYeCcKOoro BocnajaeHus B 3 GEKTUBHBIIA UMMYHHBII OTBET.

NCTOYHUKHU OPUUHAHCHUPOBAHU A

Pa6ora BeInoIHeHa B paMKax rocyaapctBeHHoro 3aganust ®I'BHY “HUWMU mopdosiorum yeno-
Beka uM. akan. A.T1. ABipiHa”.

KOH®JIUKT MHTEPECOB

ABTOp JeKJIaprpyeT OTCYTCTBUE IBHBIX U MIOTEHIIMATbHBIX KOH(MIUKTOB MHTEPECOB, CBI3aHHBIX
¢ myOJIMKale HaCTOSIIIEN CTaThU.
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Horizons of Heparin Therapy in COVID-19 and Pandemic-Related Diseases

M. V. Kondashevskaya*

Avtsyn Research Institute of Human Morphology, Moscow, Russia
*e-mail: mariviadiko@mail.ru

The disease caused by the coronavirus SARS-CoV-2, named COVID-19, has been
spread around the world with high transmission rate. It was initially considered to be a
severe acute respiratory distress syndrome (ARDS). Recent clinical data has highlighted
that COVID-19 is characterized by breakdown of central vascular functions, and throm-
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bosis, which are uncommon for many other ARDS. The applying of unfractionated
and/or low molecular weight heparins as anticoagulant medications significantly re-
duced severity of the disease and virus caused mortality, since heparin is a multifunc-
tional agent. The goal of this review is to summarize the literature on SARS-CoV-2
pathogenesis mechanisms, and characterizes the heparin properties, which allow to in-
hibit these mechanisms at any stage of the process. We proposed the hypothesis of the
vicious pathogenetic circle formation induced by COVID-19 infection, as well as the au-
thor’s approach to the small doses heparin application, beyond the scope of its anticoag-
ulant properties. The analysis of a wide ranges of heparin’s effects and action mecha-
nisms will help to give the interested reader an idea of the current possibilities for impli-
cation this drug.

Keywords: COVID-19, heparin, complex formation, blood systems, anti-inflammatory
properties, post-traumatic stress disorder
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