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Cumnrombl nosisuslieiicss B 2019 r. HoBoit kopoHaBupycHoi nHdekuu (COVID-19) BapbupyloT OT He-
3HAYUTEILHOTO MOBBIIIEHUST TEMIIEPATYPhI TeJla U CIa00CTU A0 OCTPOIi THEBMOHUM M TIOJIMOPTaHHOM He-
nocratouHoct. KimmHnueckas kaptuHa COVID-19 rereporeHHa ¥ MOJIMCUCTEMHA, TTIO3TOMY JJIs JISYEHU ST
HEOOXOIVMBI JIEKAPCTBEHHBIE CPEICTBA C IIIMPOKUM CITIEKTPOM IecTBUs. 1o cuX mop He pellieHa MmpooJie-
Ma BBIOOpa CTpaTernu JJeUeHHST TOCTKOBUIHOTO cMHApoMa. [Torcaxapuabl ¢ BBICOKMM CoiepKaHueM y-
KO3bl, BbIIEJIEHHbIE U3 MOPCKUX BOAOPOCIICH U KUBOTHBIX, MOTYT COCTaBUTb OCHOBY ISl TTOCJIEAYIOIIETO
co3maHus TepCrieKTUBHBIX areHToB s JiedeHus: COVID-19 u nmocTKOBUIHOTO CMHAPOMA. DTOT Kjace
OMOIOJUMEPOB MPOSIBIISIET Pa3HOOOPA3HYI0 OMOJIOTUYECKYIO aKTMBHOCTD, BKJIIOYAsl MMPOTUBOBUPYCHYIO,
AHTUTPOMOOTUYECKYIO, AaHTUKOATYJITHTHYIO, TEMOCTUMYJIUPYIOIIYIO, TIPOTUBOBOCHAIUTEIBHYIO I UMMY-
HoperyJsaTopHylo. HuskoMmoueKyasipHble TPOU3BOAHBIE YKa3aHHBIX MOJIMCAXapyuao0B, a TAKXKe CUHTETUYE-
CKMe€ OJIUTOCAaXapUIbl C ONTUMU3UPOBAHHBIMHU MTapaMeTpaMu (pa3Mep U CTPYKTYpa YIJIEBOTHOM 1IeT, CTe-
MeHb CyIb(haTUPOBaHMS, ITOJIOXKEHHUE CYIb(MaTHBIX I'PYIIIT) MOXXHO pacCMaTpMBaTh KaK HauboJiee IepCrek-
TUBHBbIE COEIWHEHUSI W3-3a BBICOKOW OWOMOCTYMHOCTH, 4YTO, HECOMHEHHO, VBEJIWYMBAET WX
TepaneBTUYECKUU MOTeHLIMA.

Karoueswvie crosa: gykoudan, @ykosuauposaunsiii xonopoumuncysvgpam, COVID-19, S-eaukonpomeun,
eenapaucyrvgham
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Puc. 1. ITpumeps! dhyko3mimpoBaHHBIX XOHApOUTHUHCYIb(MaToB (PXC) U3 ronorypuii: (a) — nonucaxapun u3 Cucumaria
Jjaponica [2], ©MEIONINI TpYiCaXxapUIHOE IMOBTOPSIOIIEeCs 3BEHO, TUTTMIHOE 15T 60IbInHCTBA U3BecTHRIX PXC; (6) — dpar-
MeHT yrieBonHoit e ®XC us Cucumaria frondosa [3], conepxaiuii passeTBieHMs1 Kak npu O-3 ocTrarka IIIOKYpOHOBOIA
KHCJIOThI, TakK 1 ipu O-6 ocTatka N-alleTui-rajakro3aMuHa; (6) — dparmeHT yriaeBogHol nenu ®XC us Eupentacta fraudatrix,
conepxkaluii B Kauectse 00KoBoit 1enu (1—2)-cBsi3aHHblil TUhyKO3UIbHBIN ocTaTtok [4]; () — dparmeHT apyroro ®XC u3
Eupentacta fraudatrix, conepxaiiero 2,3-n1ucyibhaTUpOBaHHBIN OCTaTOK IITIOKYPOHOBOI KMCIOTHI [4]. KpacHBIM LIBETOM BbI-
IleJIeHbI cyIbdaThl B GUKCUPOBAHHBIX MTOJIOKEHUSIX M BapbUpyeMble 3amecTuTenn R.

pa3anyHOIT CTPYKTYphl. Hanboiiee n3ydeHs! mmonmca-
Xapuabl C BBICOKMM cojiepkaHueM (hyKo3bl, Bblle-
JICHHBbIE U3 UTJIOKOXUX (MOPCKUX €Xeil U MOPCKUX
OTryplOB) U OypbIX Bomopocieil. Tak, B CTEHKe Tejia
rOJIOTYPU (MOPCKUX OTYPLIOB) COAEPXKATCS ABA TUIIA
YKa3aHHBIX TOJMCaxapyuaoB: (YKO3WIMPOBAHHBIC
xoHapouTuHceyabdatel (PXC) u cyabhaTUpOBaH-
Hble pykaHbl (CP). PXC — yHUKaIbHBIE TTOJIMCaxXa-
pMIBI TOJOTYpUii. B oCHOBE UX MOJIEKYJ JIEXKUT JIn-
HellHas1 1ielb, MOCTPOEHHAs U3 YepeayrolIuXcs
OCTaTKOB N-alleTWIrajJlakTo3aMUHa U TJIIOKYPOHO-
BOI KUCJIOThI, COEIMHEHHBIX B IMCaXapUIHbIi OJOK
—3)-B-D-GalNAc-(1—-4)-B-D-GIcA-(1—. Crpoe-
HUE 3TOH LIeNr HE OTJIMYAETCs OT CTPOEHUS YIJIEeBO/-
Hoit e ®XC 1mo3BOHOYHBIX [1], OMHAKO MOJIEKY-
b1 @XC HecyT pa3BeTBJIEHMS, Yallle BCEro B BUJIE
ocTaTKoB O-L-¢yKo3sl 1pu O-3 0CTaTKOB ITIOKYPO-
HOBOI1 KUCJIOThI. BcTpeuatoTcst v 6oJiee ClIoXKHbIE 00-
KOBbIE 1IeTIM, TaKWe KakK AucaxapuaHble OJOKU, CO-
crostiue n3 ocratkoB Fuc, Gal u GalNAc, npuco-
eIMHEeHHble He ToJdbko K O-3 DIoKypoHOBOit
KHUCJIOTBI, HO U Takke K O-4 wim O-6 N-auerwi-ra-
JlakTo3aMuHa. CybdhaTHbIE IPYMITbl OOBIYHO PaCIo-
JoxeHbl pu O-4 unu O-6 (WM OMTHOBPEMEHHO MPU
0-4 n 0-6) ocraTkoB N-alleTWI-TaJaKTO3aMHWHa, 3a-
HUMAIOT pa3jInyHbIe MOJIOXKEHUST B OCTaTKaX (hyKO3bl
M WHorma MoryT BcTpedatbesd Tipu O-2 mam O-3
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OCTaTKOB TIIIOKYPOHOBOM KMCIOTHI (puc. 1) [2—4].
Crpykrypbl ®XC, BBIIEJIEHHBIX M3 Pa3jIMYHBIX BU-
JIOB TOJIOTYpUii, crieuu(UYHBI IS JaHHBIX BUOOB
KUBOTHBIX [5].

O6pa3supl CO ObUIM BIIEPBBIEC MOJIYYEHBI U3 MOP-
ckux exeit. C — KOMIOHEHTHI TUAPODUIIBLHOIM 060-
JIOUKM SIMLEKJIETOK, MIpalollye KJIIOUYEeBYIO pPOJib B
npoliecce oruiogoTBopeHusi. Llenu 3Tux nonucaxa-
PUIIOB, KaK MPaBUJIO, JUHEUHBI U TIOCTPOEHBI U3 CO-
eanHeHHbIX yepe3 (1—3)-cBs3b ocTaTkoB O-L-dy-
KO3bl C pa3IMYHbIM MpoduieM cyabdaTupoBaHUs.
CrrertndryHOE pacriosokeHne cyab(aTHBIX TPYNI B
LIETTU OOBIYHO MPUBOAUT K 0Opa30BaHUIO TeTpacaxa-
PHUIHOTO ITOBTOPSIONIETOCS 3BeHa [6]. DT monmca-
Xapuabl MOTYT OBITh MOJIyYEHbl U3 MOPCKUX €Xeil B
OYEHb OIrpaHMYEHHBIX KOJMYECTBAaX, HO TOXOXUE
C® Bmecte ¢ GXC mpUCyTCTBYIOT B 60J1€€ 3HAUNMbIX
KOJIMYeCTBaX B CTeHKe Tejia rootypuii. C® u3 royo-
Typuii 0OoJiee pa3HOOOpa3HBI IO CTPYKTYpe, OHM
MpPEACTaBISIOT COOOU JMHEeHbIE 1IeNu, MOCTPOEeH-
Hble U3 (1—3)- unm (1—>4)-cBsI3aHHBIX OCTAaTKOB (Y-
KO3blI, KOTOpbI€ MOTYT COJAepKaTh Pa3BETBJICHMUSI.
CynbdaTtHbie rpynmbl B CO MOTYyT pacroyiaratbest
KakK B OCHOBHOI 1ieNu, TaK U B OOKOBBIX 3BEHbBSIX
(puc. 2). B onHOM BUIIe MOPCKUX OTYPIIOB YacTO 00-
HApYyXUBAIOT TOJBbKO onuH TUN CD [7], HO U3BECTHBI
MpUMEpPHI BbIIEJIEHUS U3 OJHOIO BuAa (HAIMpUMED,
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Puc. 2. [Tpumephl cynbhaTupoBaHHBIX (PyKaHOB M3 TOJIOTYPUil: BBICOKOPETYJISIDHBIN TTosicaxapu u3 Stichopus horrens [7] (a)
U CMECh pa3IMYaiolIuXcs M0 CTPYKType rnojvcaxapunoB u3 Pattalus mollis [8] (6). KpacHbIM 11BETOM BbIIEIeHbI CYIbdaThl
B (pMKCHMpPOBaHHBIX MOJIOXEHUSIX U BapbupyeMble 3amecTuTenu R.

u3 Pattalus mollis) HECKOJIBbKUX Pa3INYHBIX TTO CTPYK-
Type CD [8].

Byprie Bomopocian — IpakTUYeCcKy HercuyepIiae-
MBI UICTOYHUK CY/Ib(haTUPOBAHHBIX TTOJIMCAXapUI0B
C BBICOKMM cofepkaHueM (PYKO3bl, HO 3TU OMOTMOIM-
Mepbl OOBIYHO 00JIamaloT 00JIee CIOXKHBIM CTPOCHMU-
eM, yeM ®XC u CD. Hapsany ¢ octatkaMu (pyKO3bI,
OHU MOTYT COAepKaTh APYrve MOHOCaXapuIabl, TaK1e
KaK rajlakro3a, KCWjiIo3a, MaHHO03a, INIIOKYpOHOBas
KucioTa [9]. OTu rereporeHHbIe NOJUCcaXapuabl ObI-
JIV Ha3BaHbI cIeM(pUIECKUM TEPMUHOM “dyKkonaa-
Hel”. TlonmncaxapumHast dpaxkiys, IOJydeHHas M3
BOJIOPOCJICIi, 9aCTO MPENCTaBiIsIeT cO00 cMeCh pas3-
JIMYHBIX MO CTPYKType OMOIIOJMMEPOB, Y KOTOPBIX
C® MoxeT ObITh MIAaBHBIM KoMHOoHeHTOM. CocTaB
TaKOii CMeCH 3aBHCHUT OT BHJa 1 BO3pacTa BOIOPOCIIH,
a TakKe OT ycJIoBUii pouspacTtaHus. Llenu Bomopoc-
JeBbiX CD MOryT GBITh MOCTPOEHBI M3 MOBTOPSIOLINX-
cs1 (1—-3)-cBsa3aHHBIX OCTAaTKOB (byKo3bl [10] mim u3
yepenyomuxcs (1—3)- u (1—4)-cBsi3aHHbBIX (HYKO3-
HBIX 3B€HBEB [ 11], 9acTO C OTBETBICHUSIMU B BULIC €A1 -
HWYHBIX OCTAaTKOB (DYKO3BI WJIM Pa3HOOOPA3HBIX KO-
poTKuX onurocaxapunoB. CTpyKTypHasi peryJsip-
HOCTb, KaK IPaBUJIO, 3aMacCKPOBaHa IIPON3BOJILHBIM
pacnoJioXeHNeM CyTb(paToB WM pa3BeTBiIeHU. [1o-
JIMCAXapUIHBINM SKCTPAKT U3 BOAOPOCTEH OOBIYHO CO-
JIEPXKUT IPyTHe CYIb(paTupoBaHHBIC ITOJMCAXapUIbI,
TakKMe KakK TaJakTo(yKaHbI, (PyKOTITIOKYpPOHOMAaHHA-
HBI U PYKONTIIOKYpOoHaH#hI [12] (puc. 3).

CynbaTrpoBaHHbIE ITOJIMCAXapUIbl AEMOHCTPH-
PYIOT pa3IMYHYI0 OMOJIOTUYECKYIO AKTUBHOCTD 0J1aro-
Japsi B3aUMOJEHCTBHUIO C OeJIKaMU, OIPeaeITIONINMU
MIpOTeKaHUe MHOTUX (PU3MOJOTMYECKUX IIPOIIECCOB.
Hau6omee xopo11o n3y4eHHBIM IIPUMEPOM BBICTYHAET
AHTUKOATYJITHTHOE IeMCTBUE, TOT00OHOE 3(p(PEKTy re-
napuHa [13]. ITockonbKy ykoumgaHbl — 3TO HETOK-
CUYHbIC, OMOCOBMECTHMbBIE M OTHOCHUTEIBLHO JIETKO
JIOCTYIHbBIE COeTUHEHMUS, X PaCCMaTPUBAIOT KaK IMep-
CIIEKTUBHYIO OCHOBY ISl pa3pabOTKM HOBBIX MEIU-
IUHCKUX IIPENapaToB ¢ IIPOTUBOBUPYCHOM, IIPOTUBO-
BOCHAIUTEILHOM, ITPOTUBOONYXOJIEBO, UMMYHOMO-
IYJIUpYIOLIed W aHTUKOATYJISTHTHOM aKTUBHOCTHIO.
Yxke onyOJIMKOBaHBI COTHM CTaTeil, MOCBSILEHHBIX
MOTEHIMAJILHOMY TeparieBTuueckomMy 3ddekry dy-
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KOUAAHOB U APYTUX MOJMCAXaPUIOB C BHICOKUM CO-
nepxanueM pyko3sr [14—20].

Bbuonormyeckoe neiictBre (pyKoMmaHOB CBSI3bIBA-
10T, B IIEPBYIO O4YEPE/Ib, C UX BBICOKOM CTEINEHBIO CYJIb-
datupoBaHMsI, XOTSI Ipyryie TOHKUE IeTAJI CTPYKTYPhI
¥ MOJIEKYJISIDHBIN BeC TaKXKe UTPalOT CYIIECTBEHHYIO
posib. JleTalibHbI CTPYKTYPHBIM aHanu3 (yKouaa-
HOB UYpE3BbIYAHO CJIOXKEH M3-3a HEPETYJISIPHOCTU U
TeTepOreHHOCTU MX CTPYKTyphl [9]. BaxHo oTMme-
TUTB, YTO OOJIBILIMHCTBO OIMyOJINMKOBAaHHBIX OMOJIOTH -
YeCKMX UCClieNoBaHU (PyKOUTAHOB OBLIO BBHITTOIHE -
HO C CITOJIb30BaHMEM KOMMEPUYECKMX 00pa31oB, KO-
TOpbIe IIOJNyYalioT 0e3 cheuuajbHON OYUCTKM U
MOATBEPXKICHUS XUMUYECKOro cTpoeHus. B pe3yib-
TaTe TOYHAS KOPPEJSIUs MEXIY CTPYKTYpPOil U O1O-
JIOTMYECKOM aKTUBHOCTBIO TaKUX IIPOAYKTOB HE MO-
XKET CYUTATHCS KOPPEKTHO YCTAaHOBJICHHOIA.

BonbmmHCTBO paboT, mMpeaAMEeTOM KOTOPHIX BHI-
CTyIlaeT OMoJornyeckass akKTUBHOCTh CYJIb(haTUpO-
BaHHBIX (PYKO30COACpKAIINX MOJNCAXapUIOB, IO-
CBSIIIEHBI XapaKTePUCTUKE UX aHTUKOATYJITHTHOTO 1
aHTuTpoMOoTHUeckoro aeiicteus [21—23]. OnHako
HEeJaBHO NPOTUBOBUPYCHASI aKTUBHOCTh 3TUX ITOJIM-
caxapuIoOB, CXOOHas C IENCTBUEM rermapuHa [24],
MPUBJIEKJIA MOBBIIIEHHOS BHUMaHWE M3-3a IaHe-
MUM, BbI3BaHHOU BupycoM SARS-CoV-2 (kopoHa-
BUPYC TSKEJIOTO OCTPOTO PECHUPATOPHOIO CHHIPO-
Ma 2) [25—31]. deTanbHOE pacCMOTpEHHE 3TOM MpPO-
GJ1eMBI IIPEACTABIIEHO B JaHHOM 0030pe.

Kimnauueckass kaptuna COVID-19 BapbupyeT ot
0eCCUMIOTOMHOIO TeYeHU S 3a00IeBaHMs A0 ITOTEHIIM -
aJIbHO OITACHOM UISI XKM3HU IMHEBMOHUM, KOTOpasl B
KOHEYHOM MTOTe MOXKET IIPUBECTU K OCTPOMY PECIIM-
paropHomy muctpecc-cuHapomy (OPIC) [32, 33].
Xots 60ab1IMHCTBO ciiydaeB COVID-19 MoxXHO OTHe-
CTU K JICTKOIl WM CPEIHEN CTeIleHU, TeM He MEHee
~15% cocTaBISIIOT TSDKEIbIe 3a00JIeBaHUSI, TPEOYIOIIe
KUCJIOPOTHOM NOMIEPXKKU, U ~5% — KPUTHUYECKUE 3a-
OoJieBaHUS, TpeOYOIe UCKYCCTBEHHON BEHTWIISI-
unn jjerknx. SARS-CoV-2 nHpuimpyeT pasindHbie
KJIETKU, BKJIIOYasl ajbBeoJISIpHBIE MaKpodaru, 4To
aKTUBHUPYET UX 1 BBI3bIBACT Pa3BUTHE LIUTOKMHOBOIO
mrTopmMa [34, 35].
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Puc. 3. [Ipumeps! cyibhaTMpoBaHHBIX MTOJMCAXAPUIIOB, TTPOAYIIUPYEeMbIX OypbiMu Bonopocisimu Chordaria flagelliformis [10] (a),
Fucus evanescens [11] (6) u Saccharina latissima [12] (). KpacHbIM LIBETOM BbljieJIeHbI CYIb(MAThI B (PUKCUPOBAHHBIX MOJIOXEHUSIX

U BapbUpyeMble 3aMecTuTes i R.

MccnenoBanus nokazanu, uto COVID-19 MmoxeT
3HAYUTEJILHO BJIMSITH Ha TEMOII033 1 UMMYHHYIO CH-
cTeMy, OpUBOAS K JUM@POMIEHUMN, TPOMOOLUTOIE-
HUU, TUCPYHKIUN HeATpodmiIoB u anemun [36—39].
B nacrostiiee Bpems s jedeHust COVID-19 mc-
MOJIL3YIOTCSI JIEKAPCTBEHHBIE IIpeIapaThl ¢ pasind-
HbIM MEXaHU3MOM JEWMCTBUSI, KOTOpPbIE Hapsay C
KIIMHUYECKO 3(h(EKTUBHOCTHIO MOTYT BBHI3LIBATh
HexXeJlaTeJIbHBIe sBieHus. Ocobast mpobaemMa 3aKITfo-
yaeTcs B pa3pabOTKe TAaKTUKM JICYEHUSI ITOCTKOBU/I-
HOTO CUHAPOMaA Y OOJIbHBIX, TPEOYIOIIUX JINTEILHOM
CONPOBOMUTEIbHOM Tepanuu. [1osaToMy mpupoaHbIe

BUOOPTAHUYECKAA XUMMUA

MperapaTthbl IIPUBJIEKAIOT 3HAYUTEbHOE BHUMAaHUE,
IIOCKOJIbKY OHHU COJIep3KaT OMOJIOTMYEeCKN aKTUBHEIC
COEMMHEHMsI, KOTOPhle MOXHO MCIIOJIb30BaTh MJIS
pa3pabOTKM JIEKAPCTB C IIMPOKUM CIIEKTPOM OMOJIOTH -
YeCKOM aKTUBHOCTHM C MHHHMAaJIbHBIMU ITOOOYHBIMU
sadpdexramu [40]. OnH M3 TTEpPCITEKTUBHBIX KJIACCOB
MIPUPOIHBIX COENMHEHUN — (yKouaaHbl, 00Iagaro-
1€ LEeJIBIM CIIEKTPOM CBOMCTB: aHTUOKCUIAHTHOIA,
MPOTHUBOBOCIIAJIMTEIbHOM, UMMYHOPETYJIUPYIOLIEH,
aHTU(UOPO3HOI, TIPOTUBOBUPYCHOI 1 aHTUKOAry-
JITHTHOII aKTMBHOCTBIO, KOTOPHIE YK€ OTMEYaiCh
BBIIIIE, & TAKXE CIIOCOOHOCTHIO CTUMYJIMPOBATh Ie-
Ne 6
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momno33 [41]. IIpoBeneHHBIC B TOCIeTHEE BpeMsI C-
cJIeIOBaHUSI CBMAETEIBCTBYIOT O BO3MOXHOM Tepa-
IIEBTUYECKOM MOTECHIMAICe (PYKOMIAHOB MpU JIeUe-
Huu COVID-19 um mpodmrakTtike HOCTKOBUIHOIO
cungpoma [17, 42, 43]. DTomMy BOIIPOCY OTYACTHU TO-
CBsIlIeH 1 HemaBHUIT 0030p Pradhan et al. [44], omHako
B HEM HE pacCMaTpUBAIOTCS T€MOCTUMYIUPYIOIIAs,
aHTU(UOPO3HAsI, AaHTUKOATYJISTHTHASI M TIPOTUBOBOC-
najJuTeabHass aKTUBHOCTb (DYKOMIAHOB, KOTOPEIC
MMpOoaHaJIU3UPOBAHKI B HallleM 0030pe.

ITPOTUBOKOPOHABHUPYCHAA
AKTHUBHOCTDb CYJIIb@ATUPOBAHHDbIX
IMOJIMCAXAPUOB

Koponasupycsl SARS, HecMOTpst Ha pa3HOOOpa-
3ue, obyiamaloT OO0IMMHU (DYHKIMOHAIbHBIMU BJie-
MEHTaMM, B TOM 4YMCJe IIIUKONpoTeMHaMu Spike
(SGP, Spike glycoprotein, S-6enok, S-riukonpoTte-
WH), 00pa3ylIIMMN XapaKTepHble “IIUIBI” Ha IO-
BEPXHOCTU BUPYCA, KOTOPbIE NMPUAAIOT €if BUI KOPO-
HbI, onpeAevBIllIeii Ha3BaHUE 3TOI TI'PYINbl BUPY-
coB. PaHee cuuTtasiock, UTo B3auMoieiicTBre S-0enka
C aHTMOTEH3UH-TIpeBpaIaimm hepMeHTOM 2 (an-
giotensin-converting enzyme 2, ACE2) — HayaJIbHBIA
stan uHuuuposanus [40, 45—47], Ho B mocenHee
BpEMSI BBISICHEHO, UTO MH(UILIMPOBAHUE HAUMHAETCS
CO B3auMoOJeicTBUs S-0Oeka ¢ rernapaHcyibdaromM
[24, 48], 3KCIIOHMPOBAaHHOM Ha MOBEPXHOCTU MOHO-
nuToB U Makpogaros. Bupyc SARS-CoV-2 moxker
MPOHUKATh B KJIETKY OpraHu3Ma-Xo3s1MHa TakXke 3a
CUeT B3aUMOJEUCTBUS S-TJIMKONPOTEUHA C ellle Ofl-
HUM penerntopoM — HelipormuauHoM-1 (NRP1) [41,
42,49, 50].

MHrubuposaHue B3aMMOAEUCTBUS S-TIMKONPO-
TeuHoB SARS-CoV-2 c renapaHcynbdaTtom u ACE2 ¢
MOMOIIIBIO CYJIb(aTUPOBAHHBIX MOJIMCAXapUIOB, (Py-
KOUJAaHOB, XOHAPOUTUHCYIb(MATOB, (OYKO3ZUIUPO-
BaHHbBIX XOHAPOUTHUHCYIb(DATOB U APYTUX MOJIMcaXa-
pUIIOB, B HACTOSIEEe BpeMsl aKTUBHO M3y4aeTcs B
CcHelVaIu3UPOBAHHBIX JIJAOOPATOPUSIX IJISI CO3TaAHUS
cpenctB npodumnakTukuy u Jedenuss COVID-19. Ha-
npuMep, B OIBITax in Vvitro OBIJIO TOKa3aHO, 4YTO
dpakuuu pykongaHoB RPI-27 (100 k/la) u RPI-28
(~12 xJla) u3 Mopckoit Bomopocnu Saccharina japo-
nica crietiryecku 1 3PGEKTUBHO CBI3BIBAIOTCS C
S-6enkom SARS-CoV-2 u, BeposiTHO, TeM CaMbIM
MOTYT IPENSITCTBOBATh CBSI3bIBAHUIO S-0eJiKa ¢ rerna-
paHcyib(daToM Ha KJETKax OpraHu3Ma-xo3sivuHa M
MoJaBJISITh BUPYCHYI0 MHMekuIo [25]. IIpeanonara-
€TCsI, 9YTO MPOTUBOBUPYCHBINA 3(h(DEKT (PyKOUITaHOB
aHaJIOTMYEH paHee OMMCaHHOMY NeHCTBUIO Terapu-
HoB [51]. ITpu 3TOM Moaucaxapuabl U3 Saccharina
Jjaponica 3 dexTBHEee MTHTMOMPOBAJIM CBSI3bIBAHNE C
S-oenkom SARS-CoV-2, yeM renmapuH, 1 He OKa3bI-
BaJIid IMTOTOKCUYECKOTO IefiCTBUS HA KJIETKU JIMHUU
Vero [25].

YcTraHOBIEHO, 4YTO TIPOTUBOBUPYCHAsl aKTUB-
HOCTb 3aBUMCHUT OT MOJIEKYJIIPHOI Macchl U CTENEHU
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cynbdaTupoBaHUs TToancaxapuaoB. Tak, pykouma-
HEI ¢ 60J1ee BICOKOI MOJICKYJISIPHOM MacCOi 1 YpOB-
HEeM CyJIb(aTupOBaHUS HPOSIBIISINA 00JIee BHIPAXKECH-
HYI0 BHPYC-WHTMOMPYIOIIYIO AKTHUBHOCTb. Takmm
o0pa3oM, MOJIEKYJIsIpHasl Macca M YpOBEeHb Cyib(da-
TUPOBAHUS — 3TO ABa BaXXHbBIX (haKTOpa, OIIPEACIIsIIO-
II1ie TPOTUBOBUPYCHYIO aKTMBHOCTH (DYKOMIAHOB,
YTO OBLIO IIPOAEMOHCTPUPOBAHO Ha MpUMEpax U
IPYTUX MoJimcaxapunos [26]. [IpoTuBoBUpyCHasT ak-
TUBHOCTH (DYyKOMIAHOB paHee Oblia IT0Ka3aHa I10 OT-
HOUIEHUIO K IPYTUM BO3OYyAUTENSIM, TAKUM KakK BU-
pyc rpumnmna A, Bupyc renatuta B, BUpyc 4ymMbl cobak
¥ BUpYC MMMyHoaeduimTa geiroBeka [30, 52, 53].

JEYEHUE U TPODUITAKTHUKA
NMMMYHOCYITPECCHUU TTPU COVID-19

IIpu Tsxensix popmax COVID-19, kak u mnpu
IpyTUX UHGMEKUUSIX U cericuce, OObIYHO HabIomaeT-
csl TIyOOoKasi UMMYHHasl JUCPETyJISiLvs, XapaKTepu-
3yl011asicsl IEPEXOIOM OT TMIEPBOCHATIUTENIbHBIX CO-
CTOSIHU# K UMMYHOCYIIPECCUU. AHAJIOTUYHbIE MeXa-
HU3Mbl ObUIM ONMCaHbl JJIs1 TsKeJoi  ¢hopmbl
COVID-19 ¢ npucoeaHeHMeM BTOPUYHOM MH(PEK-
uuu [54]. Tsaxenas dopma COVID-19 xapakrepusy-
€Tcsl TIOSIBJIEHUMEM TIPEAIleCTBEHHUKOB HeHWTpodu-
JIOB, UTO CBUJIETEJILCTBYET 00 SKCTPEHHOM MUEJIOTO-
a3e (emergency myelopoiesis) [55]. Btor nporecc
XapakTepu3yeTcsi MOOMIU3alleil He3pesblX MUesio-
WUIIHBIX KJIETOK, YTO TTPUBOJIUT K UMMYHOCYIIPECCUU
U, COOTBETCTBEHHO, K PE3KOMY CHUXXEHUIO IMPOTHUBO-
nHGEeKIMOHHON (GyHKIIMM mMMyHHUTeTa [56]. Ilpm
COVID-19 ormeuaeTcsl TeCHasi KOPPEJSIIUsT TsKe-
CTH 3200JIeBaHUSI U BBIPAXKEHHOCTU JIUMPOIIeHUU. Y
WHOULIMPOBAHHBIX JETEN PeaKo HaOI0maeTCs JTUM-
¢dorneHus 1 CMEepPTHOCTh OIM3Ka K HYJI10, B TO BpeMs
KakK y J1II MMOXWJIOro Bo3pacTa JUMQPOIIeHUsT BCTpe-
yaeTcsl yallle, OCOOEHHO B TSDKEJbIX clydasix, U
cmepTtHOCTh oT COVID-19 BhicoKkasi. bruio o6Hapy-
JKEHO, UTO TOBBILLIEHHOE OTHOLIeHUE HeHTpOohUIoB
K JUMGOLUTAM, COOTHOILIIEHME MOHOLIMTOB U JIUM-
¢GoLUTOB U TOBBILLIEHHbIE YPOBHU LIMTOKUHOB, Ta-
KMX KaK pacTBOPUMBII peLeNTOp MHTepJeiikuHa-2
(IL-2R), a Takxke otHomeHue IL-2R K xonugecTtBy
JUM@OLIMTOB KOPPEIUPYIOT C TSKECThIO 3a00JieBa-
HUSI U HEOJIAronpusiITHbIM TIPOrHo3oM [57]. YV manu-
eHTOB ¢ TseKeloi popmoit COVID-19 otMmeuanu uc-
TOlLIEHUE JIUMMOUTHBIX KJIETOK-TIPEI111€CTBEHHUKOB
KOCTHOIO MO3ra Y HaKOIUIEHWE He3peJbIX KJETOK.
OTU JaHHBIE CBUAETEIbCTBYIOT O TOM, UTO TSIXKEJIble
¢dopmbl COVID-19 npuBoAsT K HAPYILIEHUIO PEryJIsi-
LIMM KPOBETBOPEHUSI B KOCTHOM Moare [58].

JIumbonenus Ha poHe Tsekenbix hopm COVID-19
COITPOBOXIAETCS PE3KWM CHIDKEHHEM YKCcia ecTe-
ctBeHHBIX KuiepoB (NK) m akTuBHpOBaHHBIX
CD8"-T-KJIETOK — OCHOBHBIX 3(P(PEKTOPOB MPOTU-
BOMH(pEKIIMOHHOro UMMyHUTeTa [59]. B yactHOCTH,
NK-KIeTKI TpOSIBISTIOT MIPOTUBOBUPYCHYIO aKTHUB-
HOCTb, CHIKasl KOJTMIECTBO KIETOK, MHDUIIMPOBAH-
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HBIX SARS-CoV-2, a Takke IpoaynupyIoT IIPOTUBO-
BUPYCHBIN HUUTOKUH [FN-Y.

IToMuMoO TIPOTUBOBUPYCHOI aKTMBHOCTH, IL-2-
akTuBupoBaHHbIe NK-KJIeTKM TakKe OTpaHUYMBAIOT
¢pubpo3 TKaHei, CHMXasI SKCIPECCUIO0 T€HOB IIPO-
dubpornueckux mapkepoB COLIAl u ACTA2 B
dubpobnactax Jjerkmx demoBeka [60]. DyHKIUS
NK- nu CD8*-T-kjIeTOK MCTOIIEHAa Y MAlMEHTOB C
COVID-19, a y BBI3IOPaBIMBAIOIINX KOJIMYECTBO
NK- u CD'-T-KJIE€TOK BOCCTaHaBJIMBAETCA. DTU
GaKTHl TTO3BOJISIOT IIPEANONOXNUTh, 9TO (PYHKIIVO-
HaJIbHOE WCTOIEHUE HUTOTOKCUYECKUX JIMMPOIIU-
TOB cBsI3aHo ¢ nHpekuueit SARS-CoV-2. Cinenosa-
tenbHO, MHPeknss SARS-CoV-2 MoxXeT HapylIMThb
MIPOTUBOBUPYCHBIA UMMYHUTET YK€ Ha paHHEM cTa-
auu [61, 62]. Beuio BeICKa3aHO MPEAIOI0KEHUE, UTO
SARS-CoV-2 BciiencTsue B3aUMOICHCTBHS C pellelI-
topamut ACE2, CD147 u CD26 spUTpOLIUTOB BBI3bI-
BaeT TeMOJIM3 U, COOTBETCTBEHHO, TMIIOXPOMHYIO
aHemuio [63, 64]. JucdyHKLIMSI reMoIio33a B BUIE
CHVDKEHUSI Yrciia TUM@OUTHBIX MPEAIIeCTBEeHHUKOB
W HaAKOIUICHMSI HE3peNIbIX M NUCHYHKIMOHAILHBIX
¢arounToB B KOCTHOM MO3re, a TakXke IIPU3HAKU
TPOMOOIIMTOIIEHUU U aHEMUU TPEOYIOT MPOBEACHUS
KOppeKIIUM HecOajlaHCUpOBaHHOI muddepeHI-
POBKH KJIETOK KOCTHOTO MO3Ta.

IlepcnieKTUBHBIM KaHAUAATOM Ha POJIb UMMYHO-
KOPPEKTOPOB MOT'YT OBITh CYJIb()aTUPOBAHHEBIC IO -
caxapUibl M OJIMrocaxapuibl, 0OJIbLIMHCTBO U3 KOTO-
pbIX 0e30MacHbl, O YeM CBUIETENbCTBYIOT NaHHbIE
OCTPOI U XPOHUYECKOM TOKCUYHOCTH [65]. Psam vic-
CJIeJOBAaHUI TIPOJIEMOHCTPUPOBAT WMMYHOCTHUMY-
Jupyouii 3deKT nepopaabHbIX MOJUCAXAPUIOB Y
B3pocbIX itoaeit. Harpumep, mpu noTpedaeHUA 310~
POBBIMU B3pOCIbIMU (DyKOUIAHOB U3 OYpoii BOIOPOC-
mm Undaria pinnatifida Habmomainnch KaK UMMYHOCTH-
MYJUPYIOIIUIA, TaK W TIOJABISIOIIUNA 3(P@EKTHI,
BKJIIOYAsl yBEJUUECHUE COJEpXKaHUsI CTPOMAJIbHOTO
dakropa-1, IFN-y, CD34"-knetok u CXCR4-3kc-
npeccupytoiux CD34"-kieTok, a TakKe CHIDKEHUE
qycyia JISUKOIIMTOB 1 JIMM(OIINTOB B KPOBH [66].

dyxkounaH us Bogopocnu Chordaria flagelliformis
aKTHUBHUPYET IOIJIOIIEHNE OaKTepUil U APOKKeit Heli-
Tpouiamu (HayaimbHas dasa daromurTosa), HO He
OIMOCPEIOBaHHYIO KMCIOPOA3aBUCUMBIMU MeXaHU3-
MaMMU IeCTPYKIUIO (haroliuTMpOBaHHBIX MUKPOOpra-
HM3MOB (3aBeplieHue @arouurosa). DTy 0COOEH-
HOCTb JEWCTBUsS ToJMcaxapuia Ha HeUTpoduibl
MOXHO paccMaTpuBaTh Kak CTUMYJIMPYIOIEe BIWS-
HUE Ha KJIETOYHBIN MPOTUBOUMHMEKIIMOHHBI UMMY-
HUTET, UCKJIoUalilee U30bITOYHOE BbIAEIEHNUE aK-
TUBHBIX PAIMKaJIOB KUCJIOPOJa, KOTOPbIE CIIOCOOHBI
BBI3BIBATh ITOBpEXKICHNWE OpPraHoB M TKaHeil [67]. B
JIAHHBIX YCJIOBUSX TaKXKe OTMEUYeHa CTUMYJISILIUS L1~
ToTOKCHMUYeckoi akTmBHOCTHM NK-kinetok. Moieky-
JIIPHBIIA  MeXaHU3M CTUMYJIMPYIOIIEro JIeHUCTBUS
dykounana us C. flagelliformis Ha a3 dexTopsl mpo-
TUBOMHMEKIIMOHHOTO UMMYHUTETA PEIU3YETCs C yJa-
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ctueMm mHTerprHa CD1lc. CrtocoOHOCTh CTUMYIIIPO-
BaThb aKTUBHOCTb NK-KJI€TOK, KaK 1 B cllydae HEUTPO-
¢wiIoB, omnocpedoBaHa aKTUBALIMEM SKCIIPEeCcCUU
MeMOpaHocBsI3aHHBIX MoJieKynn CD11c B NK-kneTkax,
o0ecIeuynBaloIIMX KOHTAKT 3(PPEKTOPOB ¢ KIIETKa-
MU-MUIICHSIMMU.

Psan mccnemoBaHmit mmokaszan, 4To CyJIbdaTHUpO-
BaHHbIE MOJMCaxapuabl 001aAal0T, HApsIAy C HU3KOI
TOKCUYHOCTBIO, CIIOCOOHOCTBIO CTHUMYJIMPOBAaTh
KpoBeTBopeHMe. HemaBHO ObIO OOHApy:KEHO, 4TO
dyKaH, BBIICIIEHHBIA U3 Mopckoro orypua Holothu-
ria polii, yCKOpPsiJ1 BOCCTaHOBJIEHIE KOJIUYECTBA JICH-
KOILIUTOB (B TOM 4MCJIe HEUTPOMUIIOB) Y MBIIIEH ITO-
ciae Bo3mecTBUS UMKiIodochamuma [68]. ABTOPHI
TakKKe OTMEUYalOT TEHACHIIMIO K BOCCTAHOBJICHMIO
yurciaa 3puTponuToB. PaHee MBI HaOIrOmaIM aHAIO-
ruuHbie 3¢ deKTh 111 dhyKouaaHa u3 Oypoil Bogo-
pocnu C. flagelliformis [10] u ¢dyKo3uIMpOBaHHOTO
XOHAPOUTUHCYIb(dATa N3 MOPCKOTO orypiia Massini-
um magnum [69], a TakKe WIS NX MOIUPUILIMTPOBAH-
HEIX TIpon3BoaHEIX [70, 71]. KpoMe Toro, 1mokasaHo,
YTO HCCJIeAyeMble MOJIMcaxapuabl CIIOCOOHBI BOCCTa-
HaBJIMBaTh MPOJ(epaTUBHBIN MOTEHIMAT TeMOM03-
THUYECKUX CTBOJIOBBIX KJIETOK KOCTHOTO MO3Ta. YUUTHI-
Basl CITOCOOHOCTH (DYKOMITAHOB M (DYKO3UINPOBAHHBIX
XOHJIPOUTHUHCYIB(HATOB CTUMYJUPOBATh T'eMOMO33 U
YMEHBIIIATh IIPOSBICHUS UMMYHOCYIIPECCUM, a TaKKe
HX CIIOCOOHOCTh CHMXKATh ypoBeHb 1L-6, ripeacTabiis-
€TCs 11eJIeCO00Pa3HBIM U3YUCHE STUX MOJIMCAXapUI0B
M UX MIPOM3BOMHBLIX C TOYKM 3pCHMs MHOTECHIIMAja
JTaHHBIX COCAMHEHNI B KOMIUIEKCHOM ITPOMIMIaKTH -
K€ M HMMMYHOCYNPECCUBHOI Tepanmuu y OOJbHBIX
COVID-19 [41].

AHTUKOATYJIAHTHBIE CBOMCTBA
CYJIb®PATUPOBAHHDbIX IMOJIMCAXAPUIOB

TpomboTHYeCKHNE OCITOKHEHUST — OJJHA U3 OCHOB-
HBIX IPUYMH HeOIaronpusiTHeIx ucxogoB COVID-19
[72]. Tunepkoarynsauusi cBsi3aHa C IIPSIMBIM JICHi-
ctBueM Bupyca SARS-CoV-2 1 pa3BUTHEM IIMTOKH-
HoBoro mrtopma [73]. ¥ mauuentos ¢ COVID-19 Ha-
OomaeTcss TPOMOOLIMTO3, TMOBBIIIEHHbINT YPOBEHb
D-gumepa, mpoaykra aerpamauuu ¢puOpuHa, 4TO
KOppEIUPYET C TSIKECThIO 3a00J€BaHUS W TUIOXUM
nporHo3oM [74]. IlokazaHo, 4To YacToTa TPOMOOTH -
YECKHUX OCJIOXKHEHUI Y MallMEHTOB C TSIXKEJIbIM Teue-
HueM COVID-19, Haxomsuxcss B OTIEJIEHUSIX UH-
TEHCUBHOI Tepanuu, MOXeT focTturath 79% [75, 76].
Kpowme Toro, maromopdonorndeckoe ucciaeIoBaHue
nauueHToB, ymepiuux ot COVID-19, noka3zajo, 4to
y 58% 06BN HeIUaTHOCTUPOBAHHBIE TPOMOO3HBI TITY-
OOKMX BEH, IIPU 3TOM HETIOCPEACTBEHHOI ITPUUYNHOMN
CMEpPTU B psfe ciiydaeB ObLIa MAacCHBHAs JIErouHast
ambomust [77]. [ToaToMy TpoMOOIIpoMIaKTHKA CTajla
HEOThEMJIEMOI YacThblO TEpPaINeBTUUYECKOTO METOJa
sneyeHust COVID-19. OnHako 10 HacTOSIIIEro BpeMe-
HY OKOHYATEeJIbHO He pellieH BOIIPOC O BbIOOPE aHTH-
KOaryJsiHTa, 103bl U JVIMTETbHOCTU aHTUKOATYJISIHT-
Ne 6
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HoM Tepanuu misg manueHToB ¢ COVID-19. Kpome
TOTO, 10 KOHIIA HE SICHO, HEOOX0AMa I aHTUKOary-
JITHTHAs1 Tepamnus il aMOyJIaTOPHBIX MAallMEHTOB U
BBI3IOPABINBAIOIINX OOJILHEIX [78].

BMmecTe ¢ TeM y mMallMeHTOB C MOCTKOBUIHBIM
CUHIAPOMOM HEPENKO pa3BUBaeTCsl KoaryJjornaTus B
BUJe TPOMOOTUYECKUX SIBJICHUIT, YTO TpeOyeT IIU-
TEJIbHOIO IIPUMEHEHUST aHTUKOATYIIHTOB [79]. Xo-
TSI TaKWe TIpernapaThl CHUXXKAIOT PUCK OPraHHOM U
MOJIUOPraHHOM HEJOCTATOYHOCTU U CMEPTU IIpU
KOpPOHABUPYCHO# MHGMEKLNHN, Y KPUTUIECKU OOIb-
HBIX TTALIMEHTOB reMapuH B TeparneBTUYECKUX 103aX
He yJIy4dIIall UCXOIbl 3a00JIeBaHUS U C BLICOKOI Be-
POSITHOCTBIO BEI3LIBAJ pa3BUTHE ITOOOYHBIX 3(pPek-
toB [80, 81]. Hanbosee 3HaunMMoe HexXeaaTeIbHOe
MOCJIeACTBUE AaHTUKOATYJISTHTHOM Tepanuy — WHIY-
nupyemast renmapuHoMm TpombouurorieHust (hepa-
rin-induced thrombocytopenia, HIT) — uMmmyHo-
OMOCpeJOBaHHOE OCIOXHEHUE, NpHUBOASIIee K
TPaH3UTOPHOM TPOMOOILIUTOIIEHNH, COITPOBOXKIAIO-
neiics MpoTpoMOOTUUECKUM COCTOSTHUEM [82].

ITpumeHeHne HehpaKIIMOHMPOBAHHOIO TeHapu-
Ha (unfractionated heparin, UFH) unmn Huskomode-
KynsipHoro renapusHa (low-molecular-weight hepa-
rin, LMWH) nmokazaHo rocnurajiu3upoBaHHbBIM Ma-
mueHTtam ¢ COVID-19, omHako HuX IIMPOKOE
MPUMEHEHNE MOXET MPUBECTU K YBETUUYEHUIO YaCTO-
ol HIT 13-3a runepcTuMyassliuu UMMYHUTETA, CBSI-
3anHoi ¢ COVID-19 [83]. OmHako OO0 HACTOSIIErO
BPEMEHM HET YETKOIO MPEACTABIEHUS O HEOOXOAU-
MOCTHU TIPOJODKUTEIbHOM aHTUKOATYJISHTHOM Tepa-
1MUY BbI3IOpaBiuBaoluX 60abHbIX. Ha 3TOM 3Tane
JieueHUs] MepopajibHble AHTUKOATYJSIHTBI TIPEAIo-
YTUTEJIbHEE TTapeHTepaIbHBIX aHTUKOATYJISIHTOB JIJISI
yno6cTBa nanueHTa. Bmecrte ¢ TeMm npemiaraercs us-
OeraTb IJIUTENbHON aHTUKOATYJITHTHOM Teparnuu st
CHUIKEHMsI pUCKa pa3BUTUSI KpoBoTeueHuit [84].
Pacryiast yactora TpoM06030B BO BpeMsI 1 TTOCJIe UH-
dexiu COVID-19 TpebyeT najibHENIero n3y4eHus
MpearojiaraeMbIX MEXaHU3MOB TPOMOO30B U MTOUCKa
HOBBIX METOIOB JIEUYEHUSI.

MHoro4uciaeHHbIE MCCIeIOBAHUS CBUIETEIb-
CTBYIOT O TOM, UTO Cy/Ib(aTUPOBAHHbBIEC MOJIMCAXapy-
IIbl, TIOMOOHO TeTapruHy, 00JagaroT aHTUKOATYJISTHT -
HOM X1 aHTUTPOMOOTHUYECKOM aKTUBHOCTBIO, UTO I103-
BOJISIET paccMaTpUBaTh 3TOT KJIACC COCAMHEHUM B
KadyecTBe TMEePCHEKTUBHBIX IpernapaToB ISl mpodu-
JIAKTUKM TPpOoMO030B [85]. MexaHU3Mbl aHTUKOATy-
JITHTHOM 1 aHTUTPOMOOTNYECKOM aKTUBHOCTH CYJIb-
daTrpoBaHHBIX (PYKOUIAHOB U3 MOPCKUX BOIOPOC-
JIeli BKIIIOYAIOT BO3[eiicTBUE Ha (paKTOpPhl BHEIITHETO
M BHYTPEHHEro IyTeili cBepThbIBaHUSI KpoBU [86].
HecMmoTpst Ha cxoncTBO 3 PeKTOB, MEXaHU3M aHTHU-
TPOMOOTUYECKOTO ACHCTBUS (DyKOMIAHA OTINIACTCS
OT TAaKOBOTO Yy renapuHa 1 BKJII0YaeT BO3ACCTBUE HA
3aBepUIAIONINIA 3Tall CBEPThIBAHUSI — MpPEeBpalleHUE
¢ubpuHoreHa B (uMOpPUH oA BAUSHUEM TPOMOMHA.
I1pu >TOM BaxkHAsT 0COOEHHOCTH HU3KOMOJEKYJISIP-
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HBIX ppakmii pyKommaHOB, 00IagaloNINX aHTUTPOM -
0otnyeckuM 3(PGheKToM MpU BEHO3HOM U apTepu-
aJIbHOM TpPOMOO3e, — HU3KUII TIeMOopparudyecKuii
puck [87]. Bta 0cobeHHOCTHL (PYKOMITAHOB MOXKET
MMETb OOJIbIIIOE 3HAUYECHUE [IJISI TPOBEICHUS IJIUTEb-
HOIi aHTUKOoAaryJsiHTHoi Tepanuu ripu COVID-19uny
MAaUeHTOB C ITOCTKOBMAHBIM CUHOIPOMOM, CKJIOH-
HBIX K T€eMOpPparn4yecKuM peaxkiiusM. YCTaHOBJIEHO,
YTO HU3KOMOJIEKYJISIpHBII (DyKouaaH OKa3bIBacT 3a-
METHOE MHIMOMpYIOIIee NeiiCTBIE Ha MHAYLIMPOBAH-
HYIO TPOMOMHOM arperamnuio TpoOMOOILIUTOB in vivo 1
in vitro, B To BpeMsI KaK 3TU IOJIMcaxapUIbl CO Cpell-
Hell MOJIEKYJISIPHOI MacCOil MOTYT CTUMYJIUPOBAThb
arperamnuio TpOMOOIIMTOB YeJIOBEKa in vitro 1 He OKa-
3BIBAIOT 3HAYUTEIBHOIO MHIMOUPYIOIIEro ASCTBUS
Ha MHIYLMPOBAHHYIO TPOMOMHOM arperamuio TpOM-
OOLIMTOB Y KPBIC. DTO CBUACTENLCTBYET O IEepCIIeK-
TUBHOCTH HU3KOMOJIEKYJISIPHBIX (DYKOMIAHOB 1 PO -
CTBEHHBIX CMHTETHYECKMX oJurocaxapuaoB [88, 89]
B KA4YeCTBE MOTEHUMAJbHBIX aHTUTPOMOOTHUYECKUX
areHToB Tipu Tepanuu COVID-19 1 mMoCTKOBUIHOTO
CUHApOMA.

IMPOTUBO®UBPO3HAA AKTUBHOCTDb
CYIb®PATUPOBAHHDbIX ITOJIMCAXAPUIOB

Dubdpo3 JEerkKuX — OJHO U3 OCHOBHBIX OCJIOXHE-
Huit y nanmeHToB ¢ COVID-19. I1atoreHes rnocTuH-
(GEKIIMOHHOTO JIeTouHOoro ¢Gubpo3a BKIIOYAET I10-
BpEXAEHUE JIETOUHOTO IMUTENUSL U SHAOTEIUS COCY-
JIOB ¢ HEKOHTpoJupyemoii pudponponudepanmeii, a
TaKXe HapyllleHue Peryysiiuy BbICBOOOXIEHWS MaT-
PUYHBIX METAJIONPOTEUHA3 BO BPEMSI BOCTIATIUTEIb-
Hoii ¢a3pl OPJIC. CymiecTByeT TakxKe cOCyaucTas
IuchyHKIMS, BBICTyTAIIasl KIOUYeBbIM MOMEHTOM
nepexona ot OPJIC k ¢pubpo3sy, ¢ BoBieueHueM pak-
Topa pocta 3HaoTenus: cocyno (VEGF) u uutoku-
HOB, Takux Kak IL-6 u TNF-o. [TopaxkeHHBbIi1 BUpY-
COM BITUTEJINI CIIOCOOCTBYET BBICBOOOXKICHUIO ME-
JIUATOPOB BOCMAaJeHUs TMOCPEACTBOM aKTUBaLMU
HEeUTpopUJIoB U MaKkpodaroB, KOTOPbIE YIPaBISIOT
aKTMBalMeEll, MUTpanueit, npoaudepaueii u aud-
¢depeHUMPOBKOiT (hrdbp06IACTOB, YTO TMPUBOIAUT K
MPOAYKIIMM KOMIIOHEHTOB BHEKJIETOUHOIO MaTpUK-
ca U pa3pylICHUIO JEeTOYHOIN apxuTekKTyphl [87].
Kpome Toro, HaGaonaeTcst TpaHcAubdEpEeHIIMPOB-
Ka 3MUTEIMaIbHBIX KJIETOK B (mOpoOIIacTonomoo-
HbIE KJIETKU — SIUTETUATIbHO-ME3EHXUMAJIbHbI Me-
pexon [90, 91]. Ero oCHOBHOI MHAYKTOp — TpaHC-
dopmupyromuit dakrop pocra-fl1 (TGF-B1), xorst
pa3jInuHble HIUTOKUHBI, XeMOKUHBI U (PAKTOPHbI pOCTa
Tak>e BOBJIeUeHbI B 3TOT npoliecc [92]. HecMoTps Ha
TO YTO B HACTOsI1lIee BpeMs CylIeCTBYIOT aHTU(DHOPO-
TUUYEeCKUEe Mpernapatsl (MUpGEHUIOH U HUHTETAaHUO),
nx 3¢pdexktuBHOCTh Tpu COVID-19 TpebyeT maiab-
HEWINUX uccienoBanuii [93, 94].

B nenom psine padboT 061710 MOKa3aHO, YTO (PyKOU-
JaHbI 00JIaJal0T CIIOCOOHOCThIO MPEAOTBpAlllaTh Pa3-
putne ¢puobposa jerkux. B yactHocTH, B OOHOM M3
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TIePBBIX MCCIIETOBAaHWI B JTaHHOM HaIlpaBJieHUH OBI-
JIO IPOJIEMOHCTPUPOBAHO, UTO (DpaKkiius CyabpaTu-
poBaHHBIX osiurocaxapuaoB MS80 co cpenHeit MoJie-
KyJIsIpHOM Maccoit 8 k/la, BeImeaeHHasT M3 MOPCKHX
BOIOpOCIei, THTUOMpoOBaJja pa3BuTHe Gpudpo3a jier-
KUX Y KPbIC, UHAYLIUPOBAHHOTO OJEOMUILIMHOM, O3
npu3HakoB TokcuuyHoctH. [Ipumenenne MS80 mipm-
BOJIWJIO K YMEHBIIIEHUIO MaTOJIOTUYECKMX TTapamMeT-
POB 1 CHUXXEHUIO COlepXXaHUs KoJlareHa B JIETKUX
3a CYeT KOHKYPEHTHOTO WHTUOMPOBAHMS B3aMMO-
neiictBust ¢ TGF-B1 v yrHeTeHUs aKTUBHOCTU MaT-
PMKCHOI MeTaJlIoNpoTernHasbl [95].

I1pu ncnoab30BaHUM HU3KOMOJIEKYJISIPHOM (ppaK-
i pykoumaHa u3 OypbIx Bogopocieil Saccharina
Jjaponica Taxke HaOJII0AaI0Ch 3HAYUTEJIbHOE MHTOM -
poBaHue OJeOMULIMH-UHIYIUPOBAHHOTO JIETOYHOTO
¢ubposa y meieit muaun C57BL/6 3a cueT cHUXe-
Hust ypoBHst 9kcnipeccun TGF-B1, nHrubupoBanuist
BIUTEINATBHO-ME3eHXUMAILHOTO TIepexona, CHU-
KeHusl aKcrnpecuu E-kaarepuHa u (pubpoHeKTUHA
[96]. dykounaH, BbIOCICHHBIN U3 Sargassum hemi-
phyllum, vHTMOMpPOBaAJI TIPOSIBJICHHE IOCTIYYEBOTO
¢ubposza gerkux y moiueil tuaun C57BL/6, nony-
yaBmux ooimyaeHue (10 I'p/BricTtpen) [91]. BBenenue
3Toro ¢yKoujaHa 3HAYUTEIbHO OCIa0JISIIIO OTI0XKEe-
HUe KoJjiiareHa 1o, MHOUIbBTpALUIO TKAHU JIETKUX
HeliTpoduiiaMu U MakpodaraMmu, a Takke BbI3bIBaJIO
CHUXXEHME BKCIIPECCUU MPOBOCHAUTEIBHBIX LIMTO-
kuHOB u xemokumHoB (TIMP-1, CXCL1, MCP-1,
MIP-2, IL-1RA, TREM-1, SDF-1/CXCLI12, IL-16)
B MJIEBPaJbHOM BBINIOTE, MHAYLIUPOBAHHOM O0IyYe-
HueMm [97].

Heo6xoaumMo oTMeTUTh, YTO JIeTOYHbIE MaKpoda-
I'M DKCIPECCUPYIOT HECKOJIbKO (DUOPO3HBIX Meaua-
TOPOB U UTPAIOT BaXXKHYIO POJIb B pa3BUTHUM PUOpO3a.
Mx B HacTosI1Iee BpeMsI TToapa3aesioT Ha 1Ba (heHOo-
TUIIA: KJIACCUYECKU aKTUBMPOBaHHbIE Makpodaru
(M1) ¢ cekpeuueit Thl-cBI3aHHBIX ILIMTOKMHOB
(Bkmouast TNF-o, IL-1B u IL-6) 1 anbTepHATUBHO
aKTUBHpOBaHHbIE MaKpodaru (M2) ¢ BRICBOOOXKIE-
HreM Th2-cBsI3aHHBIX IIMTOKMHOB, TakKux Kak IL-10
u IL-13. ITpu 3ToM cCMOCOOHOCTh K MUTPALIUU U UH-
Basuu MakpodaroB M1 u M2 nomuepXuBaeTcst Xe-
MoTakcudeckKuM 6enkoM 1 monouutoB (MCP-1), xe-
MOKHMH B OCHOBHOM 3KCIIPECCUPYETCS B aJIbBEOJISIP-
HbIX MaKkpodarax v ydacTByeT B XeMOTaKCUCE KJIETOK
[98]. BBenenue chykonmaHa, BbIIEISHHOTO U3 Sargas-
sum hemiphyllum, MbIll1aM ¢ JTy4eBbIM ITHEBMOHUTOM
3HAYUTEJIbHO CHUXKAJIO TMPOAYKIIMIO aKTMBUPOBAH-
HbIMM MakpodaraMu NpoBOCHATUTENbHBIX IIUTOKU -
HOB (TNF-o, IL-1f, IL-6) 1 npoayKiuio KoJiareHa
¢ubpobIacTaMu, UYTO KOPPEIUPOBAIO CO CHUKEHU -
eM MHMIbTpaluu HelTpodriaaMu u Makpodarammu
TKaHUu Jerkux. HuskomonekyasipHblii (GyKouaaH,
BbIIEJCHHBIA U3 Laminaria japonica, HUBEIUpPOBa
NpOosIBIICHUS (pMOPO3a U BOCTIATUTEIBHBIX (paKTOPOB B
JIETOYHOI TKaHU Y MBIILIei, CTUMYJIUPOBAHHbBIX 0J1€0-
MUILIMHOM, 3a CYET CHUKEHUST IKCIIPECCUH B-KaTeHH-
Ha, TGF-B, TNF-a u IL-6. Kpome Toro, atot dyko-
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unaH O6JOKMpPOBa pa3BUTUE SMUTETUATBHO-ME3€eH-
XUMaJIbHOTO Tepexona, uHayuupoBanHoe TGF-fB1,
MOCPENCTBOM WHIMOMPOBAHUSI CUTHAIBHBIX MYyTEH
TGF-B/Smad u PI3K/AKT.

Takum 06pa3oM, MHOTOUMCJIEHHBIE 9KCIIEPUMEH -
TaJIbHbIE UCCICAOBAHUS CBUIETELCTBYIOT O TOM, UTO
dyKonaaHbl BO3AEMCTBYIOT Ha BCE OCHOBHbBIE 3BEHbS
natoreHe3a (pubpo3a JerkKux, HUBEJIUPYs BOCITAIH-
TeAbHBIM KacKal U ocJIadjisis mpolecc GopMUpoOBa-
HUST MEXKKJIETOYHOI'O MaTpUKCa. DTU TaHHbIC II03BO-
JIIIOT paccMaTpuBaTh (PYKOUIAHBI KaK OCHOBY IS
CO3IaHUsI MHOIOOOCIIAIOIETO TeparneBTUUECKOTO
areHTra Iy JeYeHUs M MPpO(UIAKTUKU ITOCTKOBUI-
Horo ¢pudpo3a gerkux [99, 100].

MPOTUBOBOCIAJIMTEJIbHBIN DODEKT
CYJIIbOATHUPOBAHHBIX I[TOJIMCAXAPUIOB

B nmatorenesze COVID-19 3HauuTEAbHYIO POJIb UT-
paeT upe3MepHasi peakliusi UMMYHHOTO OTBeTa, Ha-
3bIBaeMasi IMTOKMHOBBIM IITOPMOM. LIUTOKMHOBBIH
IITOPM XapaKTepu3yeTcsl TUnepnpoAykKiMeid mpo-
BOCHAJIUTEJIbHBIX LIUTOKWHOB, TPUBOMASAIICH K pas-
BUTUIO OCTPOTO PECITUPATOPHOTO JUCTPECC-CUHAPO-
Ma M MOJUOPraHHOU HEJOCTaTOUHOCTH, BBICTYyIIAIO-
IIUX OCHOBHBIMM mHpudynHamu cmeptu [101, 102].
Kputnueckas pojib HIUTOKMHOBOIO IIITOPMa COTJIacy-
eTrcs ¢ 6JIaroNnpUsITHBIM UCXOAOM TPU BBEAEHUU CTe-
pouIO0B, a TAKxXKe MHTMOUTOPOB WX OJIOKATOPOB pe-
mentopoB IL-6 y mammenToB Ha ¢oHe WHGMEKIUN
SARS-CoV-2 [103]. OmHako UCIOJB30BaHUE CTEPO-
HUJIOB U UHTUOUTOPOB 11L.-6 miu ero peLienTopos y Ia-
ueHToB ¢ COVID-19 MoXeT BbI3bIBaTb UMMYHOCY-
MPECCHUlIO, a clie0BaTeIbHO, CIIOCOOCTBOBATh YTHETE-
HUIO MPOTUBOBUPYCHOTO UMMYHUTETA U MPUBOIUTH K
DPa3BUTUIO BTOPUYHBIX OAKTEPHUAIBHBIX U TPUOKOBBIX
napekumit [104, 105]. Ilpnm 3TOoM y ITalMEHTOB C
COVID-19 u BTOpnyHOIi MH(EKIMEH B HECKOIBKO
pa3 yBEeJIMYMBAETCS BEPOSITHOCTD JIETAJIbLHOTO UCXO/IA.

Jpyroii MexaHW3M Ype3MEPHOI BOCIIAIUTEIbHOMN
peaklMn — OKCUIATUBHBIN CTpecC, MHAYLMPYEMbIA
MPOAYyKIIMel CBOOOMHBIX paanKaIoB (paronuTamMu B
OTBET Ha BUPYCHYIO UH(OEKIIMI0. DTO, B CBOIO OUe-
peldb, CTUMYJUPYET Makpodaru NpoayuupoBaTh -
tokuH 1L-6, dopmupys “mopounsrit kpyr” [106].
Bricokuit ypoBeHb 1L-6 u Ipyrux BoCcHaIUTEIbHBIX
MapKepoB, BKIodass C-peaKTUBHBIN OeloK, peppu-
TUH, D-guMep U JakTaTaeTuaporeHasy, Koppeaupy-
€T C BEICOKMM PUCKOM JieTajabHoro ucxona [107]. ITo-
SIBJISIIOTCSl HOBbIE JJaHHbBIE, YKa3bIBalOIIME Ha TO, UTO
TspKenoe TedeHre nHopekiuu SARS-CoV-2 BeI3bIBa-
€T HapyllleHe KUIIIeYHOTO Oapbepa BCIEeACTBUE UH-
¢duLMpoBaHUS BUPYCOM SHTEPOLIMTOB U aKTUBAIIUU
BPOXIEHHOTO W aJaliTUBHOTO UMMYHUTETA, CITOCO0-
CTBYS CUCTEMHOMY pacHpOCTpaHEHUIO OakTepuii
1/WJIM MUKPOOHBIX IIPOAYKTOB. TpaHCIOKAIIS MUK~
POOHBIX TIPOAYKTOB W3 XEIyJIOUYHO-KUIIIEYHOTO
TpakTa B NepudepudecKyto KpoBb MOXET YCUJIUBATh
TUIEPBOCHATIUTENIBHOE COCTOSIHUE U TSIXKECTh Teue-
Ne 6
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Hus COVID-19 [108—110] 3a cueTr akTUBaLIMM MaK-
podaroB B MHGULMPOBAHHON TKAaHU U TTOAAEpKa-
HUSI LIUTOKWUHOBOTO IIITOPMa BO BpeMs MHQEKIIUU
SARS-CoV-2 [111]. DTo moioxkeHe MTOATBEP>KIACT -
csl TeM, uTo y 601bHbIX COVID-19 B KpUTUYECKUX CO-
CTOSTHUSIX HAOJIIONaJIOCh 3HAYMTEIBHOE YBEJIMYCHUE
KOJIW4YeCTBa OaKTepHUaIbHOTO JIMIIOIIOJIMCcaxXapuaa
(LPS) u pactBopuMoro perientopa sCD 14, cBsgzaHHOe
C TOBBIIIEHHBIMU CUCTEMHBIMU ypoBHsIMU 1L-6,
TNF-o, CCL5/RANTES u CCL2/MCP-1 [112].

Takum obpazom, HapyIlIeHrne GYHKIIMN KATIIEIHO -
ro 6apbepa MOXKeET ObITh OMHUM U3 MEXaHU3MOB, KOTO-
pBle CHOCOOCTBYIOT ITPUCYTCTBHIO OAaKTEPUATBLHOIO
ToKcrHA 1 6akTepnanbHoii JJHK B KpoBu marnmeHTOB
¢ Tspxenoit popmoit COVID-19 [112]. KuiieuHast 6ak-
TepUalbHas TPAHCIIOKAIIUS MOXKET WIPaTh aiIUTUB-
HYI0/CUHEPTeTUIECKYIO POJIb B CHHIPOME BBICBOOOX-
JIeHUSI IMTOKWHOB, JIeXalllero B OCHOBE HebJ1aronpu-
sarHoro paszsutuss COVID-19 [113].

@dykonmaHbl 00JIamalOT BBIPAXXEHHOII HPOTUBO-
BOCHAJIMTENbHOI aKTWBHOCTBIO [114] m meiicTByIOT
Ha pasjIMYHbIe CTaguM BOCITAJIUTEILHOIO IIpoliecca.
OIurH 13 BO3MOXHBIX MEXaHNU3MOB JICUCTBUS (PyKOM-
TaHa — TIoJaBJIeHWE CUTHAIBHBIX ITyreii MAPK u
NF-xB, nocienyoliee CHIXXKEHUE NPOAYKILIUN MPO-
BOCITJIMTEILHBIX IMTOKMHOB 1 UHTUOMPOBAaHUE aK-
TUBHOCTU ceJIEKTUHOB [115]. dykonmaHbl CHUKAIOT
CEeKPELMIO IIPOBOCHAIUTEIbHBIX MEIUATOPOB MaKpO-
¢aramu B oTBeT Ha neiictBue LPS. Tak, 6b110 mokasa-
HO, uTOo (hpakumu dykounaHa us Fucus vesiculosus
yraetaiot cekpernio TNF-o u IL-1B u uHru6upyor
HEUTPOPWIbHYI0 MHOWIBTPALINIO, YTO CBUIIETEIIb-
CTBYET O CIIOCOOHOCTH (PYKOMITIAHOB ITOIABIISITh PaH-
HUe cTaauu BocriajieHus [116]. Ipyroe uccieqoBaHue
Iokasajo, 4To ¢pykoumaH cHmkaeT LPS-uHaynmupo-
BaHHYIO IIPOAYKIIMIO OKCHIA a30Ta MaKpodaraMu 1o
TUIY JeiiCTBUS NPOTUBOBOCIIAIUTEIBHOIO LIUTOKM-
Ha IL-10 [117].

dykormaHBEI MOTYT KOHKYPUPOBaTh C OaKTEepH-
aJIbHBIM 3HIOTOKCUHOM 3a cBs3biBaHue ¢ Toll-mo-
JIOOHBIMU pelenToOpaMu U CHUXATh 3 (HEKT CTUMY-
sy LPS [118—120], a Takske MTHTMOMPOBAaTh CUH-
te3 PGE2 u mpoBocHamuMTeIbHBIX MEINATOPOB,
takux Kak TNF-o, IL-1B u IL-6 [121]. B yactHOCTH,
¢dpakunoHupoBaHHble ykouaanbl U3 Ecklonia cava
3HAYUTEIBHO CHIDKAIM Tponyknonio NO m ypoBHH
TNF-o, IL-1 u IL-6 LPS-cTumynmnpoBaHHBIMU
Mmakpodaramu [122]. [TokazaHo, 4TO (pyKOMIaHbI U3
Oypoii Bomopociau Sargassum horneri CHUXAIOT
nponykuuio NO, PGE2 u npoBocnajiuTeIbHbBIX LIU-
tokuHOB TNF-o 1 IL-6 Makpodaramut MeIm, odpa-
ooranusiMu LPS [123, 124]. Apyrue aBTops [125] co-
001U 00 UHTMOUPOBAHUU PEKOMOMHAHTHO LIMK-
JnookcureHaspl 4enoBeka COX-1 ¢dykoummaHoM wu3
Fucus vesiculosus in vitro. @ykonmaH, mojiydeHHbIN U3
Undaria pinnatifida, ymeHbliian BocIiaJieHUEe MPU 3KC-
MeprMeHTaIbHOM apTpUTE, BbI3BAHHOM BBEAEHUEM
agploBaHTa ®peiinaa y kpoic [126].

BUOOPTAHUYECKAS XUMUA
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ITpoTtrBOBOCITAINTEIbHAS AKTUBHOCTD (hyKOUAa-
Ha 13 OypbIX BOOOPOCJEN in Vitro MOXET ObITh CBsI3a-
Ha ¢ yrHetreHueM cuHTe3a NO u akcripeccuu iNOS,
cumkenuneM cekpermu PGE2, TNF-o, IL-1B, IL-6
n IL-8. UccrnenoBanus in vivo moKa3aju, YTO IPOTU -
BOBOCIAJIMTENBHBIN 3(@deKT @dykonmaHa MOXET
OBITH CBSI3aH CO CHUXKEHUEM YPOBHEH CBIBOPOTOU-
Heix IL-1o, IL-1B, IL-6, 1L-10, TNF-o, IFN-y,
PGE2, TGF-B1, Muenonepokcuaasbl, yMEHbIICHU-
eM MPOAYKLIMU CBOOOIHBLIX paguKaliOB, MHTUOWPO-
BaHMEM MMUIPALMM HEUTPOGUIOB U TMOBBIIICHUEM
ypoBHs 1L-10 [127]. @ykounanbl u3 Macrocystis py-
rifera CHWXAJIM SKCIPECCUIO TTPOBOCIAIMTEIBHBIX
LIUTOKWHOB, MHAyLMpoBaHHBIX LPS. ITpuMeuaTesnb-
HO, YTO MOJIMcaxapy ¢ HAUMEHbIIIE MOJIEKYIISIPHO
Maccoil ObUT HaubGojee MOIIHBIM HMHIHMOUTOPOM
TNF-o u IL-1B npu ctumynsiuu LPS numdonn-
HBIX KJIETOK 4eoBeKa. I1pu nepopajibHOM BBEACHUU
¢dyKonmaHbl, KaK MOKa3aHO B OITbITAX Ha MBIIIAX C
SKCIIEPUMEHTAIbHBIM KOJUTOM, MOTYT CHUXaTb
YPOBHMU ITPOBOCITAIUTEIBHBIX IIMTOKUHOB, BKIIOUYAS
TNF-o, IL-1B u IL-6 [128, 129]. UurubupoBaHue
BOCHAJIUTEJIbHOTO KacKaaa MOATBEPKIAeT MOTCHLIV-
aJIbHYIO TepaleBTUYECKYIO POJIb (PYKOUIAHOB B Ka-
YeCcTBE MPOTUBOBOCIAIIMTEILHBIX IIPEIapaToB MpU
tepanuu 6oybHbIX COVID-19.

SAKJIIOYEHHUE

CynbdaTupoBaHHBIE BBICOKO- WM HU3KOMOJEKY-
JISIpHBIC IOIUCAaXapUabl, CoAepXKalllie 3HAUUTEIbHOE
KOJIMYECTBO (PYKO3HBIX 3BEHBEB, 00JIaJAIOT IIUPO-
KUM CIIEKTPOM OMOJIOTMYECKUX CBOMCTB, BKJIIOYas
IIPOTUBOBUPYCHYIO, IPOTUBOPUOPO3HYIO, aHTUKOA-
TYJISTHTHYIO, TeEMOCTUMY/IHUPYIOIIYIO, IIPOTUBOBOCTIA-
JIUTEJIbHYI0O U HWMMYHHOKOPPETUPYIOIIYI0 aKTHUB-
HOCTb, UTO IO3BOJISIET paccMaTpMBaTh 3TOT KJIacC
OMOIIOIMMEPOB B KayeCTBE OCHOBHI IJIsI CO3MaHUS
JIEKapCTBEHHBIX CPEACTB JICUEHUSI U MPOPUIaKTUKU
COVID-19 u nocrkoBumHoro cuHapoma. Hamboree
MEPCIIEKTUBHBI HU3KOMOJIEKY/ISIpHBIE (DYKOMOAHBI U
JIpyTye ToJcaxapyibl, IIOCKOJIbKY OHU JEMOHCTPUPY-
FOT BBICOKYIO CKOPOCTb a0COpOLIMY 11 OMOIOCTYITHOCTb,
YTO TTIOATBEPKIACT X OMOoJIormuecKuii moTeHImarn [30,
130]. JlaHHBIE O CTPOSHUM THX MOJIUCAXapHIOB IT03BO-
JISTIOT TIPOBECTU OM3aifH CTPYKTYPHO POACTBEHHBIX
OJINTOCAaXapuAOB CTPOTO OIIPEACICHHOIO CTPOSHMUS,
KOTOpbIE C MCIOJb30BaHUEM MMEIOIIUXCS Ha CEeTro-
JHSIIHWI OeHb MetomoB [88, 89, 131] MoryT OBITH
MIPOM3BEASHBI B IIPOMBIIIIIEHHBIX MacIITabax ¢ co-
OJIIOJIEHWEM CTaHIApTOB KauyecTBa (papMalieBTHYC-
CKOTO IIPOM3BOJICTBA.

KimroueBoii BOImpoc, KOTOPHIH MMOKa e1le XXIeT CBO-
€ro pelleHusI, CBsI3aH C HEOOXOIUMOCTBIO JeTaTbHO-
ro BBISICHEHMS] MEXaHU3Ma OMOJIOTMYECKOIO Jeii-
CTBMSI paccMaTpuBaeMbIX nojucaxapuaoB. O4eBuI-
HO, UTO OH CBSI3aH C UX CIIOCOOHOCTBIO BBICTYIIATh B
pOJII MUMETHUKOB OMOJIOTUYECKN 3HAYMMEBIX CHUAJIN-
JIMPOBAHHBIX U CYIb(aTUPOBAHHBIX OJIMTOCAXapui-
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HBIX ILIETICH, IIPEICTaBICHHBIX HA IIOBEPXHOCTU KJIE-
TOK 4eJjioBeKa. OTMeTHUM, 4TO (pepMEHTATUBHOE IO~
JydyeHue [132] U XMMWYECKUI CHUHTE3 TaKoro poja
COEMMHEHUII, OCOOCHHO CHAIMJIMNPOBAHHBIX, IIPEI-
CTaBJISIIOT JTOCTAaTOYHO CJIOXHYI0 3amauy [132—135].
DTO AenaeT cynbpaTUpOBaHHbIE (PYKOOJMTIOcaxapyu-
IIbI, KOTOpBIe OoJiee JOCTYITHBI IJIS IpeIrapaTuBHOTO
MOJy4YeHUs, YeM Ha3BaHHBIE BBIIIE KJIECTOUYHbBIEC OJIM-
rocaxapuibl, IepCcIIeKTUBHON OCHOBOII B CO3MaHUU
JIEKapCTBEHHBIX CPEICTB IS JIeUYeHUs 1 mpodiiak-
Tk COVID-19 1 MOCTKOBUAHOIO CUHIApPOMA.
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Prospects for the Use of Marine Fucose-Rich Sulfated Polysaccharide
in Treatment and Prevention of COVID-19 and Post-COVID-19 Syndrome

M. V. Kiselevskiy*- #, N. Yu. Anisimova*, M. 1. Bilan**, A. I. Usov**, N. E. Ustyuzhanina**,
A. A. Petkevich*, 1. Zh. Shubina*, G. E. Morozevich***, and N. E. Nifantiev**#
#E-mail: kisele@inbox.ru, nen@ioc.ac.ru
*Blokhin National Medical Research Center of Oncology, Kashirskoye sh. 24, Moscow, 115478 Russia
**Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences, Leninsky prosp. 47, Moscow, 119991 Russia
***QOrekhovich Institute of Biomedical Chemistry, ul. Pogodinskaya 10/8, Moscow, 119121 Russia

Symptoms of the new coronavirus infection that appeared in 2019 (COVID-19) range from low fever and fa-
tigue to acute pneumonia and multiple organ failure. The clinical picture of COVID-19 is heterogeneous and
involves most physiological systems; therefore, drugs with a wide spectrum of mechanism of action are re-
quired. The choice of the treatment strategy for post-COVID-19 syndrome is still a challenge to be resolved.
Polysaccharides with a high fucose content derived from seaweed and marine animals can form the basis for
the subsequent development of promising agents for the treatment of COVID-19 and post-COVID-19 syn-
drome. This class of biopolymers is characterized by a variety of biological activities, including antiviral, an-
tithrombotic, anticoagulant, hemostimulating, anti-inflammatory and immunoregulatory. Low molecular
weight derivatives of these polysaccharides, as well as synthetic oligosaccharides with optimized structure and
molecular size, as well as degree and position of sulfates may be considered as the most promising compounds
due to their better bioavailability, which undoubtedly increases their therapeutic potential.

Keywords: fucoidan, fucosylated chondroitin sulfate, COVID- 19, S-glycoprotein, heparan sulfate
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