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Pe3rome

B 1aHHO¥ cTaThe OCBEIeHbI OITYOJIMKOBAaHHbIE THIIOTE3b], CBSI3aHHBIE C BO3MOKHOCTHIO IPOHUKHOBE-
HUs1 KopoHaBupyca SARS-CoV-2 B KpOBEHOCHOE PYCJIO, €T0 B3aUMOJIEHCTBUS C 9HIOTETTMEM COCYI0B, 9PUT-
poITaMy, TeMOITIOOMHOM U ero (hparMeHTaMu. B pe3yssraTe TaKOT0 B3aUMOeHCTBUA BO3MOKEH BBIXO]
HOHA jKeJie3a B KPOBEHOCHOE PYCJIO U, KaK CJIE/ICTBYE, BOSHUKHOBEHUE [INTOKMHOBOT'O IITOPMa. B 9TOM KOH-
TEKCTE [IPEJICTABJISIETCS] BAYKHBIM IIOUCK IIUTOIIPOTEKTOPOB, KOTOPbIE MOTYT OJIOKMPOBATh TAKKE [IPOLIECCHI.
OJHUM U3 TAKMX IIPENapaToB MOKET sIBUTHCsI IeP(TOPYIVIEpOHAS IMYIIbCHS.

ITess pabOTHI — MMOKA3aTh BO3MOYKHOCTU OUO(PU3NIECKUX METOOB JJI5I UCCIEeJOBAHMUS MOJIEKYIISIPHBIX
MexaHU3MOB eiicTBuA SARS-CoV-2 Ha apUTPOIUTHI U FeMOIVIOOUH YeJIOBeKa U BOCCTAHABJ/IMBAlOIIee U ITU-
TOIIPOTEKTOPHOE AefcTBHe NephTOPYIIEPOTHOHN 9MYJIbCUH ITPU OKUCIEHNN HOHA JKejle3a B reMe.

MarepuaJibl M METObI. VICIIOIb30Ba/IM CIIEKTPOCKOIINIO BBICOKOTO pa3peleHus], aTOMHYIO CUJIOBYIO MUK-
POCKOIINIO, aTOMHO-CHJIOBYIO CIIEKTPOCKOIINIO, 3JIEKTPOIOpAIUIo. J[efiCTBOBAIM Ha KPOBb OKUCJISTIONIIME
areHTaMu pas3IMIHON TPUPOALL. J06aB/Is1/IH TepHTOPYVIEPOIHYIO IMYIBCHUIO B PA3TMYHBIX KOHI[EHTPALIASIX
¥ MCCJIEZIOBAJIN ee IENCTBYE IPU PA3/INYHOM BpeMeH! NHKyOanuy. KoHIleHTpaIyio Ipou3BOJHBIX T€MOLIO-
O¥Ha, PACCUNTHIBAIM C YYETOM MYJIBTUKOJUIMHEAPHOCTH, IPOBOAMIIV CTATUCTUYECKUI aHAIN3 PE3YJIBTATOB.

PeayasraThl. [IoKa3asny, 4To NPV OKUCIEHUH NOHA JKejie3a B reMe epdTopyrIepoaHas IMYJIbCHS BbI-
3pIBaeT 9 (heKTUBHOE BOCCTAHAB/IMBAIOIIEE U IIUTOIPOTEKTOPHOE NelicTBre: Fe* BoccTaHaBIuBasIcs 10
Fe?*. Crenens BoccTanoBjaeHust MetHb no HbO, u Hb 3aBucesa OT KOHIIEHTpAIIKU OKUC/ISIONIETO are’Ta u
BpeMeHM MHKyOarnuu. Habmoganu n3menenue conepsxanust MetHb ot (80-90)% no (5-12)%. [lepdTopyrie-
pOJHAasI IMYJIBCHUS B KJIMHUYECKUX KOHIIEHTPAIMSIX CIOCOOCTBOBAJIA YCTPAHEHUIO JIOKAJIBHBIX 1e(heKTOB
MeMOpaH ¥ BOCCTaHaBJIMBaIa HOPMAJIbHYIO MOP(OJIOTHIO 9PUTPOIIUTOB.

3akmaodyenue. B (pokyce pacCMOTpeHHBIX TMIIOTE3 HCIIOJIb30BaHKE MeP(TOPYIIEPOIHON IMYJIbCUN
MOJKeT CTaTh 3(p(PeKTUBHBIM METOIOM 151 OJIOKMPOBAHUS ITOCJIEICTBUI BO3/IEMCTBHsI KOPOHABUPYCca Ha
3JIeMEeHTHI KDOBEHOCHOM CHCTEMBI X BOCCTAHOBJIEHHs (PYHKIIMOHAIBLHOTO ra3000MeHa.

Kntouesvle croea: spumpoyum; memopansl; npou3eo0Hble 2eM02A00UHA; NepPhmopam; yUmonpomer-

mopHoe NelcTBre
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Summary

This paper highlights published hypotheses on the possibility of coronavirus SARS-CoV-2 entry into the
bloodstream, its interaction with vascular endothelium, red blood cells, hemoglobin and its fragments. As a
result of such interaction, iron ions may be released into the bloodstream and, subsequently, a cytokine storm
may occur. In this context, it is important to find a cytoprotective agent capable of blocking such processes.
The perfluorocarbon emulsion could be a candidate for this role.

The aim of the paper is to show the feasibility of biophysical methods to study the molecular mechanisms
of action of SARS-CoV-2 on human red blood cells and hemoglobin as well as the restorative and cytoprotective
effect of the perfluorocarbon emulsion during Fe?* oxidation in heme.

Materials and methods. High resolution spectroscopy, atomic force microscopy, atomic force spectroscopy,
electroporation were used. Blood was exposed to oxidizing agents of different nature. Perfluorocarbon emul-
sion was added in various concentrations and its effect at various incubation times was studied. Concentration
of hemoglobin derivatives was calculated considering multicollinearity, and statistical analysis of the results
was performed.

Results. The perfluorocarbon emulsion was shown to have an effective restorative and cytoprotective ac-
tion in iron ion oxidation in the heme: Fe3* was restored to Fe?*. The degree of MetHb reduction to HbO, and
Hb depended on the concentration of the oxidizing agent and incubation time. We observed a change in MetHb
content from 80-90% to 5-12%. The perfluorocarbon emulsion in clinical concentrations helped eliminate

local membrane defects and restored normal erythrocyte morphology.
Conclusion. In the light of the studied hypotheses, the use of perfluorocarbon emulsion can become an
effective method for blocking the consequences of coronavirus effect on the blood cells and restoring a normal

gas exchange.
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BBenenue (rumoresbl)

[Tangemusa COVID-19 nocraBuiia nepej Hay-
KOU HOBBIE 3aJla4u, pellleHre KOTOPBIX, II0 o4e-
BUJHBIM NpPUYNHAM (KOPOTKHUU BpeMEeHHOU
WHTEepPBaJl, HEJOCTATOYHOCTh MCXOJHBIX CBeJe-
HUM), Ha CETOAHS HE IPEJCTaBSIETCS BO3MOXK-
HbIM. JlaHHBIE O MPOUCXOKIEHUN HOBOU MO (DU-
Kallud KOpOHaBHUpyca IIOKa OrpaHW4YeHbl U
MMPOJOJKAIOT NONOJHATHCS. boJblioe KoJgnue-
CTBO BOIIPOCOB BO3HHUKAET 110 TTIOBO/IY 0COOEHHO-
CTell ero CyIiecTBOBAHUS B KPOBEHOCHOM pycJie
4eJjIoBeKa, MOJIEKY/IsIPHbIX MEXaHN3MOB B3aUMO-
JeiCTBUsI C 9HA0TEIeM KPOBEHOCHBIX COCYIOB, C
KJIETKaMU KPOBHU, C TeMOIVIOOMHOM. 3HAHUA B
3TOU 00JI1aCTH — CKOpee OT/eJIbHbIE TUIIOTE3bI,
MMOKa TIPAKTUYECKU JIUIIEHHBbIE CHUCTEMHBIX
Hay4YHBIX 000CHOBaHMH.

Kopouasupyc SARS-CoV-2. HoBbIit KOpoHa-
Bupyc SARS-CoV-2 — onun us cemetiictsa Coron-
aviridae, BRJOYawInee Ha siHBapb 2020 romga
bonee 40 BumoB PHK-comepskalux BHUPYCOB,
KOTOpble MOPAKAIOT YeJIOBEKA U YKUBOTHBIX. B
despasie 2020 r. KUTACKUE yUeHbIe BbIIeIUIN
IITaMM KOpPOHaBHpyCa U BIlepBble IIPOLEMOH-
crpupoBanu nsobpaskenuss SARS-CoV-2 ¢ momo-
IIBI0 3JIEKTPOHHOTO MUKpOCKona. CHUMKH II0JIy-
4eHbI B HAITMOHAJIbHOM XPaHUJIUIIE TaTOTeHHBIX
MHUKPOOPTaHU3MOB, OBLIM ONMyOJIMKOBAaHBI Ha
caliTe BeJIOMCTBA, TipeacTaBeHbl BO3 1 IMUPOKO
WUJJTIOCTPUPYIOTCS B OTKPBITOM Ieuaru. B iutepa-
Type NOSIBUJIUCH U Ipyrue u300paskeHus BUpyca,
II0JIly4YeHHbIe Ha 3JIEKTPOHHOM MUKpOCKoIe [1].
HccnemoBarenn wu3 VYHuBepcurera [OHKOHTa

IMOJIy9InJIn I/1306pa?KeHI/Ie BbIXOJa KOpOHaBUpycCa

Introduction (Hypotheses)

The COVID-19 pandemic has set new chal-
lenges for science which, for obvious reasons (short
time interval, lack of initial data), cannot be solved
today. Data on the origin of the new coronavirus
modification are still limited and continue to be up-
dated. Many questions arise about the pattern of its
existence in the human bloodstream, molecular
mechanisms of interaction with the endothelium
of blood vessels, blood cells, hemoglobin. The
knowledge in this field is mostly represented by iso-
lated hypotheses, which so far have practically no
systematic scientific rationale.

Coronavirus SARS-CoV-2. The new coron-
avirus SARS-CoV-2 is a member of the Coronaviri-
dae family, which as of January 2020 includes more
than 40 species of RNA-containing viruses affecting
humans and animals. In February 2020, Chinese
scientists isolated the coronavirus strain and
demonstrated SARS-CoV-2 electronic microscope
images for the first time. The images were obtained
from the national repository of pathogens and pub-
lished on the agency's website, presented to WHO
and are widely used by mass media. Other virus im-
ages from the electron microscope have appeared
in the literature [1]. Researchers from the University
of Hong Kong received an image of coronavirus ex-
iting from an infected cell. The obtained images
suggest that the size of SARS-CoV-2 practically does
not differ from the other coronaviruses and is
100-125 nm [2], and its peplomers (club-shaped
«spikes») have a height of about 10 nm. While pass-
ing through the cell membrane, the virus «stretches
out» and changes its shape.
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13 3apa’KeHHOU KJIETKU. VI3 TToTy4eHHbIX N300pa-
sKeHUH ciienyeT, 4To padMepbl SARS-CoV-2 npak-
TUYECKU He OTIMYalTCA OT pasMepoB IpPyrux
KOPOHAaBUPYCOB U coCcTaBaAT 100-125 M [2], a
ero nerioMeps! (OyJIaBOBUIHBIE «IIIUIBI») UMEIOT
BBICOTY OK0JIO 10 HM. [Ipu npoxXoskaeHuun yepes
MeMOpaHy KJETKH BUPYC «BBITATHUBAETCS» U
MeHsieT (popMy.

SARS-CoV-2, 3puTPOIUT, TeMOII0O0uH. [Tpu-
BOOATCA TUNOTE3BI 0 B3anMogerictuil SARS-CoV-2
C 9PUTPOIUTAMHU, O €T0 BJIUSHUU Ha reMbI U TOpPu-
puH. PaccMarpuBaoTCa 2 BO3MOYKHBIX ITyTH B3au-
MOJIENCTBYSI OEJTKOB BUPYCa C TEMOTTIOONHOM [3].

[TepBbIil — CBsI3aH C BBIXOJIOM reMOIIOOMHA
W3 3PUTPOILIMTA U ero MOTaJJaHueM B KDOBEHOCHOE
pycJio. TO MOKET INPOUCXOOUTH B peayJibrare
reMoJin3a 3pUTPOLUTOB, HAIPUMEP — UMMYHO-
Jorudeckoro. CoOBbITHsI, Pa3BUBAIOIINECS TTOCIE
rnomnajgaHus remMa U moHa Fe*? B KpoBeHOCHOe
pycCJI0 U faJjibHelIIee pa3BUTHE OKCUIATUBHOIO
cTpecca, onucaHsl paHee [4, 5].

BTopoii myTh Ipe/IoiaraeT IpOHUKHOBEHNE
BUPYCa WU ero 0eJTKOB Yepes Maa3MaTHdeCcKyo
MeMOpaHy B 9pUTPOIUT U TajbHENIIIee B3auMO-
neiicTBue OEJIKOB BHUpyca C TeMOM W mopdupu-
HoM. OTMe4aeTcs, 4YTo Je30KCUreMOorJIOONH 0oJiee
IIOJBEepyKeH BUPYCHBIM aTakaM, 4eM OKCUTeHUPO-
BaHHBIN remomioowH — HbO, [3]. Arakyiomee
JeICTBHe BUPYCHBIX O€JTKOB BHI3bIBAET YMEHbIIIE-
Hue copepskanusa HbO,, peanusyloimiero raso-
oOMeH B OpranusMe, U KaK CJIeICTBUE — JIbIXa-
TeJIbHYIO HeIOCTaTOYHOCTb.

SARS-CoV-2, kpoBeHocHasA cucrema. Pac-
CMaTpUBAIOTCA U WHbIe MeXaHU3MBbI. B 4acTHO-
ctu — cBsi3dbiBaHnue SARS-CoV-2 ¢ kjgeTkaMu
9HJIOTEeIUsI KPOBEHOCHOU ceTU 4YesoBera [1].
Takoe B3amMOJENCTBHE HMeEeT JOCTAaTOYHO
BBICOKYIO BEpOATHOCTb CyLeCTBOBAHUA U IIOJ-
TBepsKIaeTcss PakTOM BOSHUKHOBEHUS TPOMOO-
3ay 3abomaeBmux COVID-19 narueHnTos [6]. Bos-
MOYKHO B3aMMOJeliCTBHEe BUPYyCa HE TOJIBKO C
COCYIMCTOW CTEHKOH, HO C MeMOpaHaMu 3pUT-
pOIUTOB B MHUKpOCOCyaax. BupycHbie Oesnkw,
IIPOHUKIINE B KJIETKY, B3AUMOIEUCTBYIOT C 1
oera 1enblo remMorioOmHa [3], BBIZLIBAIOT
3¢ (PpeKT aKpaHUPOBAHUS YACTU MOJIEKYJI TEMO-
rroouHa Hb (screening effect), ymeHbIIast moTok
KHCJA0POIA M3 JPUTPOIUTA B TKAHU dYepe3
KalWJIJIAPHYIO CTEHKY U, COOTBETCTBEHHO, U3
AJIbBEOJI B KaIUJLIIAP.

B HekoTOpBIX paboTax oTMedaeTcst, uTo SARS-
CoV-2, cBA3BIBASACH C KJIETOYHBIMU pPelleNTOpaMu
ATI®2 n CD 147, nMeeT BOSMOKHOCTH AJIs1 IPOHUK-
HOBEHUS B KJIETKYy U Ha CTaJHAX BbIXOJA BUPUOHA
13 KJIeTKU pa3pymiarb ee MeMOpansl [7, 8]. Hapy-
IIIeHHe I[eJIOCTHOCTH MeMOPaH MOKET CTaTh MPU-
YUHOUN BHYTPUCOCYIUCTOrO reMoJr3a (intravascu-
lar hemolysis), BbIxoga cBoO0JHOTO TeMOIIOONHA
(cell-free Hb) apuTpo1Ta B KpOBEHOCHYIO CHCTe-

SARS-CoV-2, erythrocyte, and hemoglobin.
Various hypotheses on the interaction of SARS-
CoV-2 with erythrocytes and its effect on hems and
porphyrin have been suggested. Two possible ways
of interaction of virus proteins with hemoglobin are
considered [3].

The first one is related to hemoglobin exit
from erythrocyte and its entry into bloodstream.
This may occur as a result of erythrocyte hemolysis,
e.g. immunological. The events occurring after hem
and Fe*? ion enter the bloodstream and further ox-
idative stress development have been previously
described [4, 5].

The second way assumes penetration of the
virus or its proteins through plasma membrane into
erythrocyte and further interaction of viral proteins
with hem and porphyrin. Deoxyhemoglobin has
been noted to be more susceptible to viral attacks
than the oxygenated hemoglobin HbO, [3]. The on-
slaught of viral proteins causes a decrease in the con-
tent of HbO,, a major contributor to gas exchange in
the body, and results into respiratory failure.

SARS-CoV-2 and circulatory system. Other
mechanisms are also under consideration. In par-
ticular, the binding of SARS-CoV-2 to endothelial
cells of human circulation system may be rele-
vant [1]. Such interaction is highly likely and was
confirmed by thrombosis occurrence in COVID-19
patients [6]. The virus may interact not only with
the vascular wall, but also with RBC membranes in
microvasculature. The viral proteins penetrating
the cell interact with 1-beta hemoglobin chain [3],
cause the screening effect of part of hemoglobin
molecules, which reduces the oxygen flow from
erythrocyte to tissues through the capillary wall
and, accordingly, from alveoli to capillaries.

In some works, SARS-CoV-2 binding to ACE2
and CD 147 cell receptors was noted to enable viral
penetration into the cell and destruction of cell
membranes during virion exit [7, 8]. The destruc-
tion of membrane integrity may cause intravascu-
lar hemolysis and release of the cell-free Hb into the
blood system [9, 10]. Release of Hb into plasma sig-
nificantly reduces the bioavailability of nitrogen
oxide (NO) in the vessel, promoting vasoconstric-
tion, endothelial dysfunction and platelet activa-
tion. Vasoconstriction (including that in micro ves-
sels) and thrombosis are typical for Covid-19
patients [6].

Filtration-reabsorption equilibrium in the mi-
crovasculature and surrounding tissues may be dis-
turbed if the cell structure of capillary walls is im-
paired [11]. As a result, interstitial edema, alveolar
hemorrhage and microvascular lung thrombosis
occur [12]. Progressive endothelial thrombo-in-
flammatory syndrome may also include microvas-
culature of brain and other vital organs, resulting in
multi-organ failure observed in patients with
Covid-19 [1, 2].
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My [9, 10]. lekommiemMeHTanuss Hb B miasmy
3HAYUTEJBHO YXy/IIaeT OMOJOCTYITHOCTh OKCUAA
asora (NO) B cocyne, cmocoOCTBYsi Ba3OKOH-
CTPUKIMHU, BBI3bIBAS OHAOTEJUAJBHYIO IUC-
(pYHKIMIO ¥ aKTHBAIAIO TPOMOOIUTOB. Y Hanu-
eaToB ¢ Covid-19 obGHapy’kuBaeTcs CyKeHUE
COCYZI0B, B TOM YHCJIe © MUKPOCOCYI0B, 00pa3o-
BaHUe TPOMOOB [6].

[Ipu HapyLeHusaX CTPYKTYPhI KJIIETOK CTEHOK
KaUJJISIPOB MOSKET HAPYIIUTHCA (PUIBTPALIIOH-
HO-peabcopOIMOHHOE PAaBHOBECHE B MUKPOCOCY-
Jle 1 OKpY»KaIoIUX TKaHAX [11]. B pe3yabsrare Bo3-
HUKaeT WHTEPCTUIUAJIbHBIA oOTeK, alveolar
hemorrhage (kpoBoua/usiHUE B AIBbBEOJTY) M MUK-
pococynucThIii TpoM603 Jsierkux [12]. [Iporpeccu-
PYIOIIUHA  9HIOTENNATBHBIA TPOMOO-BOCTIAIH-
TeJILHBIM CHUHAPOM MOYKET TaK)Ke BKJIIOYATh
MMKPOCOCYJUACTOE PYCJIO MO3Ta ¥ IPYTUX YKU3HEH-
HO Ba’KHBIX OPTaHOB, MPUBOJIA K ITOJTUOPraHHON
HEeJIOCTAaTOYHOCTH, YTO HaOJTIO/IaeTCsl y HalleHTOB
c Covid-19 [1, 2].

OmacHOCTB TIpeJICTaBJIsIET B3AUMO/IEUCTBHE
SARS-CoV-2 ¢ kJeTKaMHu KOCTHOTO Mo3ra. B
pabore [13] onucan ciory4daii leukoerythroblastosis
npu Covid-19, cBA3aHHBINA C HapylIeHueM KOCT-
HOTO MO3ra W BBIXOJIOM MOJIUMUIIMPOBAHHBIX
3PUTPOIUTOB.

OnucaHHbIE TUTIOTE3bI MPEAIIOAaraloT B3au-
MOJIEfICTBHiE KOPOHOBHPYCA WJIM €r0 OEJIKOB CO
CTeHKaMH KPOBEHOCHBIX COCYL OB, 3pUTPOLUTAMU,
reMorJIOOMHOM. B HUX paccMaTpHUBaeTCs1 B3aUMO-
nerictBue 6esikoB SARS-CoV-2 ¢ reMoM u mopdu-
pUHOM, TMoIajaHue MOHOB Fe*> B KpOBEHOCHOe
pycJio 1 nanbHellee ux okucienue 1o Fer. Takue
TaTOJIOTMYECKYE ITPOIIECCHI MOTYT OJIOKMPOBATHCS
¥ /WJIM BOCCTAHABJIMBAThCS C IOMOIIbBIO aHTUOKCH -
IAQHTOB U IIUTONPOTEKTOPOB [14]. Micnosib3oBaHue
MpernaparoB 9TOTO KjIacca MOKET CIIOCOOCTBOBATh
paspabotke MeTog0B 60pb66I ¢ Covid-19.

[leabp pabOTBI — IMOKa3aTh BO3MOKHOCTU
6roduU3UUYeCKUX MEeTOJ0B MJIsI HCCJAeJOBaHUS
MOJIEKYJISIDHBIX MexaHU3MOB JeiicTBuss SARS-
CoV-2 Ha 9pUTPOIUTHI ¥ TEMOTJIOOVH YeJIOBEeKa U
BOCCTaHaBJIMBAIOIIlEE U ITUTONIPOTEKTOPHOE el -
cTBUE NepTOPYIIEPOTHON aMY/IbCUHU NIPU OKUC-
JIEHUU MOHA KeJjie3a B reMe.

MarepuaJ 1 MeTobI

CxeMa onbITOB. 3200p KPOBU IIPOM3BOIUJIN B MUK-
poserthbl ¢ QATA (Sarstedt AG and Co., Germany) BO
BpeMs IIPOUIAKTUYECKOI0 OCMOTPa JOHOPOB. B cooT-
BETCTBUU C TPeOOBAHUAMU aTHYecKoro komutera HUN
o61eil peannmarosiornu uM. B. A. HeroBckoro PAMH
MOJIYYMJIN COIVIACHE BCeX JOHOPOB Ha IIPOBEEHUE HUC-
cjegoBaHuil. CxeMy OIIBITOB IIpeACcTaBUIIN Ha puc. 1. Ha
KpOBb (150 MKJI) BO3JI€eICTBOBAJIM OKUCJISIIONIMM areH-
TOM, B Ka4eCTBe KOTOPOTO NCII0/IH30BAIH JITOO PACTBOP
NaNO,, aubo yasrpaduoseroBoe nsmydenue (UV). B
OTIBITAX JJISI IPOMBIBA KJIETOK U pa30aBJIeHUsI CyCIIeH-

3un ucroab3oBaau 6ydep PBS tablets (MP Biomedicals,

The SARS-CoV-2 interaction with bone mar-
row cells is dangerous. A paper [13] describes a case
of leukoerythroblastosis in Covid-19 associated
with bone marrow damage and release of modified
red blood cells.

The described hypotheses suggest that the
coronavirus or its proteins interact with the walls
of blood vessels, erythrocytes, and hemoglobin.
They consider the interaction of SARS-CoV-2 pro-
teins with heme and porphyrin, the entry of Fe+?
ions into the bloodstream and their further oxida-
tion to Fe*s. Such pathological processes can be
blocked and/or restored with antioxidants and cy-
toprotectors [14]. The use of drugs of this class may
help develop methods to control Covid-19.

The aim of the paper is to show the feasibility
of biophysical methods to study the molecular
mechanisms of impact of SARS-CoV-2 on human
red blood cells and hemoglobin and the restorative
and cytoprotective effect of perfluorocarbon emul-
sion during the iron oxidation in heme.

Materials and Methods

Scheme of experiments. Blood was drawn in EDTA
microvettes (Sarstedt AG and Co., Germany) during a rou-
tine screening of donors. In accordance with the require-
ments of the ethics committee of the V. A. Negovsky Scien-
tific Research Institute of General Reanimatology the
consent of all donors for the study participation was ob-
tained. The scheme of experiments is shown in fig. 1. Blood
(150 nl) was exposed to an oxidizing agent which was either
NaNO, solution or ultraviolet radiation (UV). The PBS
tablets buffer (MP Biomedicals, USA), (pH 7,4) was used in
experiments for cell washing and suspension dilution.
Micro-22R centrifuge (Hettich-Zentrifugen GMBH&Co.
KG, Germany) was used for cell separation and sedimen-
tation. The UNICO 2800 (USA) digital automatic spec-
trophotometer was used to record optical spectra. The
method of calculation of hemoglobin derivatives concen-
trations, the solution of multicollinearity problem, and rel-
evant statistical analysis were described elsewhere [15, 16].

Atomic force microscopy and spectroscopy. Im-
ages of RBC morphology were obtained using the atomic
force microscope (AFM) NTEGRA Prima (NT-MDT, Russ-
ian Federation) in a resonance mode on monolayers pre-
pared using the sedimentation method. Cantilevers
NSGO1 (R=10 nm, coefficient of elasticity K=5 N/m) were
used. The number of scanning points was 512, 1024.
Scanning fields were 100X100 pm?, 3030 pm?. 2D and
3D images were obtained using AFM software [15]. Sta-
tistical analysis of the obtained results was performed
using the Origin Lab software (USA).

Electroporation (USA). Laboratory electroporator
provides pulse duration 3-5 ms, pulse amplitude 3X10°
V. A cuvette 30X30 mm was equipped with flat titanium
electrodes mounted on opposite walls. The intensity of
the generated field was 1040 V/cm [17].

Results and Discussion

The development of oxidation processes in
blood caused by NaNO, and ultraviolet radiation
(A=254 nm) was simulated using in vitro experi-
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—  AFM

Puc. 1. Craguu 3KCIIEPUMEHTOB: BO3IeCTBHE OKMC/ISIOLIMM areHTOM Ha KPOBb, fo0aBaenune PFC niu nyurodraBiuHa B pas-
JIMYHOM KOHIEHTPALMH, U3MEePEHHe ONITHYECKUX CIIEKTPOB, pacyeT KOHIEHTPALMI POU3BOIHBIX FeMOITIO0MHA, OJTyYeHHe

ACM n300pakeHHs KJIETOK H HAHOIIOBEPXHOCTH MeMOpaH.

Fig. 1. Stages of the experiments: blood exposure to the oxidizing agent, addition of PFC or cytoflavin in various concentrations,
measurement of optical spectra, calculation of concentrations of hemoglobin derivatives, obtaining an AFM image of cells and

membrane nano-surface.

IIpumeuanue. Oxidizing agent — oxucJstioniuit arent; blood — kpoBsb; cell separation, washing and sedimentation — nentpu-
¢yrupoBanue, IPOMBIB KJIETOK, ocakjenue; RBC — apurponuter; PFC —nepdropyriepognas amyiabcust; AFM — ACM.

USA), pH 7,4. 115 pasaesieHus ¥ 0CAKIeHN KIIeTOK HC-
MOJIB30BaH TIeHTpUGYTY Micro-22R (Hettich-Zentrifu-
gen GMBH&Co.KG, Germany). [lyia perucrpanyu OnTy-
YEeCKUX  CIEKTPOB  HCIOJIb30BIM  LUGPOBOH
aBroMarun4deckuii criekrpogoromerp UNICO 2800 (USA).
Metonnka pacueTa KOHIIEHTPaIIUi POU3BOAHBIX FEMO-
I00MHA, penIeHus Mpo0JIeMbl MYJIBTUKOJITITHEAPHOCTH,
CTaTUCTUYECKOT0 aHAJIN3a OIMcaHa paHee [15, 16].

AToMHas CUJI0Bas MUKPOCKOIIHS U CIEKTPOCKO-
nus. V3o6paskeHuss MOP(OJIOTHH 3PUTPOIUTOB ITOJY-
Yaju ¢ IOMOIIbI0 aTOMHOI'O CHJIOBOI'O MHKPOCKOIIA
(ACM) NTEGRA Prima, (NT-MDT, Poccuiickas Penepa-
11151) B pe30HAHCHOM peyKUMe Ha MOHOCJIOSIX IPUTOTOB-
JIEHHBIX C [IOMOILIbIO MeTo/la oceianusl. Vcnosp3oBanu
kanTuiieBepbl NSGO1, R = 10 HM, k0oadunueHT ynpy-
rocta K = 5 N/m. Uncso Touek ckanupoBanusa — 512,
1024. ITona ckaampoBanus: 100100 Mrm?, 30X30 MKM?.
[Mosryuanu ndobpaskerust 2D u 3D ¢popmarax, UCIoIb3yst
nporpammHoe obecnieuenrie ACM [15]. [IpoBoguiu cTa-
THCTUYECKYI0 00paboTKy IO/TyIeHHBIX PE3yIBraToB, HC-
TI0JIB3Ys1 IporpaMMHoe obecrredenne «Origin Lab» (USA).

daexTponopanus. JJabopaTopHEIi aJIeKTpoIIopa-
TOp peanuayeT JJINTeJIbHOCTb UMITYJIbCA (3—5) MC, aMILIN-
Tyny uMmiyibca 3X10°% B. Kiosera 30X30 MM, ocHalieHa
IVIOCKUMU TUTAHOBBIMHU 3JIEKTPOJIaMU, 3aKPeIlJIEHHbIMU
Ha [IPOTUBOIIOJIOKHBIX CTeHKaxX. HanpssxeHHOCTb co311a-
BaeMoro 1oJisi B o6’seme 1040 B/cwm [17].

Pe3ynbTaThl ¥ 00CYK/IEHHE

B akcnepumeHTax in vitro MOREIAPOBATU
pa3BUTHE OKUCIUTETHHBIX IIPOIECCOB B KPOBH,

ments. Fe?* turned into an oxidized form (Fe3*) in
the molecules of hemoglobin, which was evidenced
by the transformation of oxyhemoglobin HbO, into
methemoglobin MetHbO,. The concentration and
dose dependence of these processes was estab-
lished. Fe*? is known to prevent gas exchange be-
tween blood and tissues. Therefore, the appearance
of MetHb in the blood leads to tissue hypoxia, and
in high concentrations can even be fatal.

Perfluorocarbon compound «Perftoran»
(Russian Federation) [18, 19] and cytoflavin (Poly-
san, Russian Federation) [15] were used to reduce
Fe*? to Fe*? and, accordingly, to transform MetHb to
HbO,. At the same time, methemoglobin was re-
duced to oxyhemoglobin depending on the con-
centrations of these substances and incubation
time. Concentrations of perftoran (PFC) were
recorded later as indices (ul PFC per 200 pl of ery-
throcyte suspension). Cytoflavin concentrations
were recorded as volume of cytoflavin (ul) per 150 ul
of cell suspension. Fig. 2 shows MetHb concentra-
tions on UV exposure and after introduction of
Perftoran emulsion, the optical spectra, as well as
the AFM field erythrocyte images under the same
conditions.

Initially, 90-98% of erythrocytes were disco-
cytes (fig. 2, a@). After UV exposure, the number of
discocytes  decreased, and stomatocytes,

echinocytes, sphero-echinocytes, ghost cells ap-
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Fig. 2. The reducing effect of PFC in erythrocyte suspensions.

Note.a— AFM 3D cell images: initial (control cells) on the left, the cells damaged by the UV exposure are in the middle, on the right
are the cells damaged by UV and subsequently exposed to PFC for 24 hours; b — percentage of MetHb, HbO,, Hb in the control,
after UV exposure and subsequent PFC exposure, PFC incubation time was 24 hours; ¢ — absorption spectrum changes after UV

exposure and subsequent PFC action (t=0, 12, 24 hours).

IIpumeuanue. a— ACM 3D-u3o0pakeHunsi KJIETOK: CJIeBa — UCXOIHbIE (KOHTPOJIbHBIE) KJIETKH, B CEpPeIHEe — KJIETKH, IIOBPEsK-
JleHHble B peaysbrare aeiictBust UV uaiydeHus:, cipaBa — KJeTKU nocsie UV BozzeiicTBus u nocseayiouiero nericrsust PFC B
TeyeHue 24 yac; b — nponeHTHoe cogepskanue MetHb , HbO,: Hb B konTpoJe, nocie Bo3aeiictsus UV u nocsenyiomero aei-
crBusi PFC, Bpemst nuukyOanmu PFC 24 yaca; c— quHaMUKa U3MEHEHHH CIIeKTpa IMOIVIOIeH s TToc/ie Bo3aericTBrs UV u3ydeHust

u nocexaytoniero aeiicrauss PFC50 (t=0, 12, 24 yaca).

BbI3BaHHOE NaNO, 1 yisrparuoaeToOBbIM U3JTyue-
HueM (A=254 HM). B Mostekyitax remoriiobuna Fe?*
repexous B OKUCJIeHHYyI0 ¢dopMy — Fe®, o yem
CBUETEJIbCTBOBAJIO IIPEBPAIlleHHe OKCUTEMOTJIO-
6una HbO, B merremoriooun MetHbO,. YcTano-
BUJIY KOHIIEHTPALMOHHYIO U I030BYIO 3aBUCHMO-
CTA 3TUX TponeccoB. M3BecTtHo, yto Fe® He
MTO3BOJISIET OCYIIECTBJISATH Ta3000MEH MEKIy
KpOBBIO U TKaHsAMU. [loaTomy nosiinenue MetHb
B KPOBHU BeJIeT K TUIIOKCUHU TKAaHEH, a IPU BbICO-
KOU KOHIIEHTPAIIUU MOSKET IMMPUBOIUTH JAKE K
JIeTaJbHOMY UCXOHY.

st BocctanoBJsienus Fe®t B Fe?* u, coorBeT-
CTBEHHO, i TipeBpamienuss MetHb B HbO,
HCIIOJIB30BAJIH ITePPITI00POKapOOHOBOE COeNIHE-
Hue «llepdpropan» (PP) [18,19] u 1muTodaBUH
(ITostucan, P®) [15]. ITpu 9TOM METTEMOTTIOOMH BOC-
CTaHABJIMBAJICA 10 OKCUT€MOIIOOMHA B 3aBUCHUMO-
CTH OT KOHIIEHTpAIIUI 3THUX BEIIEeCTB U BpEMEHU
nakyOannu. Konnerrpamuu nepgropana (PFC)
3amnuchiBaJIM gajiee B Buge uHaekcoB (MkJ PFC B

200 MKJI CyClIeH3Uu 9pATpPOoLUTOB). KoHnenTpanun

peared (fig. 2, b). As a result of subsequent PFC ex-
posure, the percentage of discocytes recovered to
80-90%. The change in erythrocyte shapes associ-
ated with changes in concentrations of hemoglobin
derivatives (fig. 2, b, ¢). The initial content of MetHb
was about 0.5%. After UV exposure it increased to
35-40%, and after PFC exposure it was 2-5%. Thus,
in vitro experiments showed that perftoran can be
effectively used to restore MetHb to HbO,.

These experimental data demonstrate the
restorative effect of PFC on erythrocytes both in
damage to membranes and cell structure, and in
abnormal hemoglobin molecules.

The effect of agents on the system can be
demonstrated by time and concentration depend-
ence. Absorption spectra of hemoglobin derivatives
solutions for different incubation times with PFC
are shown in fig. 2, c. With increasing incubation
time, peak at wavelength 630 nm dropped, and
peaks at 542 nm and 577 nm grew, which indicates
a decrease in MetHb content and, consequently, an
increase in HbO,+Hb.
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nuTo(JIaBIHA 3aMUCHIBAIA KAk 00 beM muTodJia-
BUHA (MKJI) B 150 MKJI cyclieH3uu KJIeTok. Ha puc. 2
TMpeJicCTaBUI/IM KOoHIleHTpanuu MetHb nipu fgetictBuu
UV u nocsie BBeneHusi amysibcuu «llepdropan»,
OINITUYECKUE CIIEKTPBI, a TaKKe H300pa’keHusI
apUTPOLUTOB B 110J1e ACM B TeX yKe yCJI0BUSAX.

Hcxomuo 90-98% apuUTPOIUTOB OBLIN TUCKO-
uutamu (puc. 2, a). [locsie BodaetictBust UV Kostn-
4eCTBO JUCKOLMTOB YMEHBIIAJIOCh, IIPU 9TOM
MOSIBJISIJIMCh CTOMATOIIUThI, 9XUHOIUTHI, chepPoa-
XUHOLMTHL, TeHU (puc. 2, b). B peayibrare nocie-
nytomero geiictusg PFC nmporeHTHOe comepska-
HHE OTMCKOIIMTOB BOCCTAaHABJIMBAJIOCH 110 80-90%.
N3meHnenre (oOpM apUTPOIUTOB COIPOBOKIA-
JIOCh U3MEHEHNEM KOHIIeHTpalui TPOU3BOTHBIX
reMomioouHa (puc. 2, b, ¢). FicxomHOe KOJTUIeCTBO
MetHb 651510 0k0410 0,5%. ITocsie Bo3nerictBuss UV
O0HO B03pocJio 10 35-40%, a mocJie neticteusi PEC
cocTaBuyio 2-5%. TakuM 00pasoMm, B IKCIIEPUMEH-
Tax in vitro mokas3aJju, 4TO MOKHO 3((PEKTUBHO
HCII0/Ib30BaTh Nep@TopaH AJis1 BOCCTAaHOBJIEHU S
MetHb B HbO,.

The concentration dependence of the PFC ex-
posure is shown in fig. 2, a (left). As early as at the
concentration of PFC 5-10 ul/ml of the suspension
there was a significant reduction of Fe®* to Fe*, i. e.,
MetHb to HbO, + Hb.

The qualitative result of transformation of
methemoglobin into oxyhemoglobin is presented
in the photo (fig. 2, a, right). The dark brown sus-
pension after UV exposure changed its color to red
after 24 hours of incubation with PFC.

Cytoflavin was also used as a reducing agent
(fig. 3, b). In these cases the dependence of effect
on concentration was also observed. Cytoflavin al-
lowed reducing MetHb concentration from 80-90%
to 20-25%.

Exposure of RBCs to oxidizing agents can pro-
duce two effects:1) oxidation of iron, Fe?* to Fe?+,
and, accordingly, increase of MetHb concentration
in them; 2) erythrocyte hemolysis.

Depending on the nature of the agent, the
ratio of these biophysical processes was different
(fig. 3, ¢, d). Thus, if the oxidizing agent was ionizing

a

Bl HbO,+Hb Time of incubation 24 h
8 MetHb

C,%

metHb metHb+PF
=N | =]
— L S — — ]
a &” —_— C — —
Ve~ wvw

vy

Time of incubation 24 h

d

= RBC NaNO; CYT,

A RBC NaNO; CYTy,
RBCNaNO2 CYTy

mm RBCNaNO2 CYTy 10

/‘

™=
T % MetHb I @

Time of incubation 24 h

_% of hemolysis Time of incubation 24 h

% MetHb |

% of hemolysis

-

h o 10

0 4

0 0 L » L ” L] » “ “
Time of irradiation, min

w20 W

-
NaNO:z, mmol/1

Puc. 3. [Ipon3BoJHbIE F€eMOIJIOOUHA.
Fig. 3. Hemoglobin derivatives.

Note. a — Suspension after UV irradiation and subsequent PFC exposure in various concentrations (concentration dependence)
on the left, photos of suspension after UV irradiation and subsequent incubation with PFC for 24 hours on the right; b— MetHb
formation as a result of NaNO, exposure and reduction of Fe* to Fe?* after exposure to cytoflavin in different concentrations (con-
centration dependence); ¢ and d— correlation of biological effects (iron oxidation and hemolysis) after exposure to different agents:

¢— UVirradiation; d — addition of NaNO,.

IIpumeuaHnue. a — ciesa — cycneH3us nociae UV o6/ydeHus u nocieaymomero aeiictsus PFC B pa3IMYHbBIX KOHIIEHTPAIUAX
(KOHIIEHTPAIMOHHAS 3aBUCUMOCTB); cnpasa — (ororpadun cycrienaun rnocsae UV 00ydeHust U IocaeayIoniell MHKyOaruu ¢
PFC B Teuenue 24 yac; b — obpasosanue MetHb B peaynsrare geiictsust NaNO, u BoccranoBsenue Fe** no Fe? mox neiictBuem
nuTo(IaBUHA PA3IMYHON KOHIIEHTPAMH (KOHIEHTPAIIMOHHAS 3aBUCUMOCTBD); €U d — COOTHOIIIEHNE OHOJIOTHYECKUX 9 (HEKTOB
(orMCIIeHHE KeJ1e3a U TeMOJIU3) IIPH AeHCTBUY PA3/IMYHbIX areHToB: ¢ — UV obJtyuenue; d — nodassenne NaNO,.
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Fig. 4. Defects of erythrocyte membranes in the field of atomic force microscope after exposure to various chemical agents and

the protective effect of the Perftoran perfluorocarbon emulsion.

OTU 9KCIIepUMeHTaJbHble JaHHbIE CBHUIE-
TEJBCTBYIOT O BOCCTAHABJIMBAIOIIEM HEWCTBUU
PFC Ha apuUTpOnIUTHI Kak NpPU MOBPEKIEHUAX
MeMOpaH U CTPYKTYpPHI KJIETOK, TAK U IIPU HApPY-
IIIEHUH COCTOSTHUS MOJIEKYJI TEMOTVIOOMHA.

[TokasareseM 1eliCTBUSA areHTOB Ha CUCTEMY
SIBJISIETCSI BpeMeHHass U KOHIEHTPalMOHHAas
3aBucuUMOCTU. Ha puc. 2 ¢ nmpuBesn CHEKTpPHI
MIOIOIIEHNsI PAaCTBOPOB IIPOM3BOAHBIX [€MOIJIO-
OvHa AJ1s1 pPa3JIUYHOTO BpeMeHU WHKYOaIruu C
PFC. C yBetmueHreM BpeMeHH HHKYOAIY TAK Ha
JJIMHE BOJIHBI 630 HM yMeHbIIaJICA, a Ha 542 HM U
577 HM NIUKU YBEJUYUBAJIUCH, YTO CBULETE]b-
CTBOBAJIO 00 yMeHbIIIEHUH coniepskanns MetHb u,
COOTBETCTBEHHO, 00 yBesnuernnn HbO,+Hb.

KoHIIeHTpanMOHHYI0 3aBUCHUMOCTH JIeH-
ctBus PFC npencraBuiv Ha puc. 2, a (ciesa). Ysxe
npu koHneHTpanuu PFC 5-10 MkJ1/Mi1 cycieH3un
NIPOUCXOUJI0 3HAUUTEJbHOE BOCCTAHOBJIEHUE
Fe*® mo Fe*?, To ectb MetHb mo HbO,+Hb.

KauecTBeHHO pe3yssraT IpeBpalieHus MeTre-
MOr7I00MHA B OKCUTEMOITIOOWH TPEICTAaBUINA Ha
¢ororpacuu (puc. 2, a, cnpasa). TeMHOKOpUYHEBas
cycrierawus rocsie UV BO3/1eiCTBHS MeHs1JIa I[BET Ha
KpacHyIo rmocsie 24 yacoB nHKybammu ¢ PFC.

radiation, UV radiation, both processes occurred
with the same intensity, and the dose dependence
and irradiation time dependence was observed (fig.
3, ¢). When using the NaNO, agent (depending on
the concentration), the content of MetHb in ery-
throcytes was intensively increased, but their he-
molysis was practically absent (fig. 3, d). This inter-
esting fact is important to consider when analyzing
the effect of factors of different nature, including
viruses and bacteria, on red blood cells.

In a number of experiments, the protective ef-
fect of the Perftoran emulsion on erythrocyte mem-
branes was shown using AFM method (fig. 4). Hemin,
7ZnSO, and furosemide were used as membrane
damaging agents. As a result of blood exposure to
these agents, topological nanodefects of cell mem-
branes in the range of 20-200 nm were found. Sub-
sequent exposure to PFC led to a reduction in the size
of membrane defects or to their complete «healing».

If the virus causes structural disorders and
local cell defects, Perftoran is very likely to have a
protective effect and prevent damage to both cells
and cell membranes.

A major problem with the Covid-19 pandemic
is the high mortality rate of the elderly, with less
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B kauecTBe BOCCTaHaBJMBAIOIIEro areHTa
KCIIO/Ib30BAJIM TaKsKe uTodaaBuH (puc. 3, b). B
9TUX CJIy4yasix TakyKke HAOJIIONAIW KOHIIEHTpa-
LIIMOHHYIO 3aBUCUMOCTH JeiicTBus. Llutodiapun
II03BOJIMJ YMEHBIINTh KOHIleHTparuio MetHb c
80-90% 1o 20-25%.

[Ipu BO3/MENCTBUU OKUCJAIONINX areHTOB
Ha 9pUTPOILUTHI MOTYT BOSHUKHYTB JBa apPek-
Ta: 1) okucaeHue kemaesa, Fe?* no Fe3*, u, coor-
BETCTBEHHO, YBeJIMYCHHE COAEPI/KaHUA B HHUX
MetHb; 2) reM0o113 9pUTPOIUTOB.

B 3aBucuMoOCTH OT IPUPOABI AreHTa, COOT-
HOIIIeHWEe 9TUX OMOPU3UUYECKUX IIPOIECCOB
OBLI0 pas3HbIM (puC. 3, ¢, d). Tak, eCIu OKHUCJISIO-
MM areHTOM fABJIAJOCHh HOHU3HUpYylollee
nasaydernue, UV nanydyeHue, ToO OGHOBPEMEHHO
WHTEHCHUBHO IMPOTEKaJIN 00a 9TH IpoI1iecca, Mpu-
4yeM HabJTI0/1aH T030BYI0 3aBUCUMOCTD — 3aBU-
CUMOCTH OT BpeMeHUu obsyueHus (puc. 3, ¢). [Ipu
ucrnoJib3oBaHuu areHTa NaNO,, (B 3aBUCUMOCTH
OT KOHIIEHTPAalli1) UHTEHCUBHO YBEJIMYUBAJIOCH
conepskanue MetHb B apuTpo1uTax, HO MpaKkTHU-
YeCcKHu He HaOJIIOganu ux remonau3s (puc. 3, d).
JTOT MHTepPeCHbIH (PaKT BAYKHO YUUTHIBATh NIPU
aHaJ/m3e AelcTBUs (pakTOpOB pas3JUUYHOU MPU-
pOJbI, B TOM YHCJIe U BUPYCOB, U ODaKTepuil Ha
KpacHbIe KJIeTKU KPOBU.

B psane skcnepumeHTOB MeTonoM ACM noka-
3a/I1 IPOTEKTOPHOE AelicTBUe aMyJibcuu «[lepd-
TOpaH» Ha MeMOpaHbI 3pUTPOIUTOB (puc. 4). B
KadecTBe IOBPEKJAIOIINX MeMOpaHy areHTOB
ucnoJsb3oBanu 7ZnSO,, remuH, Qypocemun. B
peayJbrare IeidCTBUsl 3TUX areHTOB Ha KPOBb
Ha0JII0Ja/IN ITOSABJIEHE TOIIOJIOrMYeCKUX HaHOe-
¢ exTOB MeMOpaH KJIeTOK B quariasone 20-200 HM.
[Tocienyromiee Boaaeiicteue PFC nmpuBonusio k
YMEHBIIIEHHIO, Pa3MePOB MEMOPaHHBIX 1e(DEKTOB,
JIOO0 K MX ITOJTHOMY «3aJI€YBAHUION.

Ecyiu BUpyC BbI3bIBaeT HApyIIEHUA CTPYKTY-
pBI 4 JIOKaJIbHbIE JedeKThI KJIETOK, TO mepdTo-
paH ¢ 60JBINTON BePOATHOCTHIO MOYKET OKa3aTh
MIPOTEKTOPHOE JEeWCTBUE U NPeJOTBPATUTH
MMOBpEsKIeHNE KaK CAMUX KJIETOK, TaK U KJIETOY-
HBIX MEMOpaH.

Tsrestoi mpoodemoit mpu mangemuu Covid-19
SIBJIIETCST BBICOKAsi CMEPTHOCTH 3a00JIeBIITHUX
MOKUJIBIX JIIOAEH, TIPU TOM, YTO UH(PUITUPOBAHUE
3aBUCHUT OT BO3pacTa Jifojieil B MEHbIIIEeH CTeTIeHH.
Bo3MOKHO, 4YTO BBICOKAss CMEPTHOCTH JIONleH
MMOKUJIOTO BO3PACTA CBA3aHa C UCXOAHBIM COCTOSI-
HHEM COCY/IOB 1 MEMOPAH 9PUTPOITUTOB.

Hcnonb3ysa MeTod MATKOH 9J1€KTPOHopanuu
(oOpaTuMbIii TPOOOH MeMOpaH) MbI MOKa3aJIHu
paHee, YTO MeMOPAHBI MTOKUJIBIX JIIOHel (65-74
JIET) MEeNUCTBUTEJHLHO 0oJiee Ys3BUMBI, UMEIOT
OoJIbIIIee KOJTUYECTBO MOTEHIINAIbHBIX Te(eK-
TOB 10 CPAaBHEHMUIO C TAKOBBIMH Y JIIOJ el MOJIO-
JIOTO M cpeaHero Boapacra [17]. IToT meTon
MOJKeT CIIOCOOCTBOBATH BBISABJIECHUIO IIAIIIEHTOB

age-dependent infection susceptibility. The high
mortality in older persons is probably due to the
initial condition of blood vessels and red blood cell
membranes.

Using a soft electroporation method (re-
versible membrane perforation), we have previ-
ously shown that membranes of older persons
(65-74 years old) are indeed more vulnerable and
have more potential defects than those of young
and middle-aged people [17]. This method can help
identify patients with increased risk of SARS-CoV-
2 adverse effect on blood cells.

Conclusion

Perfluorocarbon emulsion Perftoran has a
cytoprotective effect, provides additional capacity
for the transfer of O, by blood, and contributes to
the reduction of Fe®* to Fe?* in the heme. This
emulsion is promising compound that promotes
gas exchange in patients in critical conditions and
can be used to protect blood cells. In the light of
the hypotheses presented, perfluorocarbon emul-
sion (Perftoran) can be effectively used to control
Covid-19. Atomic force microscopy, high-resolu-
tion optical spectroscopy and electroporation
methods can be successfully used to study the
molecular mechanisms of SARS-CoV-2 action on
blood cells. Studies using such methods can pro-
vide a scientific rationale for the hypotheses cur-
rently presented.

C TOBBIIIIEHHBIM pUCKOM fieiicTBUsi SARS-CoV-2
Ha KJIeTKU KPOBU.

3akJrouenue

[Tlepdropyriepoguas amynbcusa «[lepdro-
paH» o0JIafjaeT MUTOMIPOTEKTOPHON (DYHKITHEH,
MPeJIOCTAaBJISIET JOTIOJHUTEIHHYIO eMKOCTD JIJIs
nepeHoca O, KpOBbIO, CHOCOOCTBYIOT BOCCTAHOB-
sgenuio Fe’* mo Fe?* B remax reMomIo0WHa, M03TO-
My OHA SIBJISETCS EePCHEeKTUBHBIM COeTMHEHHU-
€M, CITOCOOCTBYIOIIMM ra3000MeHy y O0JbHBIX B
KPUTUYECKUX COCTOSTHUSX, U MOYKET OBITH IPH-
MeHMMa JJTsI 3aIUThI KJIETOK KPOBHU.

B cBeTe mpeqicTaBIE€HHBIX TUIIOTES, ITEPP-
TopyrjaepogHasa amyiabcusi («Ilepdropan»),
MOKeT 3(P(PEKTUBHO MCHOJB30BATHCA IS
60pw0OBI ¢ Covid-19. MeTomst ACM, onTHYECKOM
CITIEKTPOCKOIINY BHICOKOT'0 Pa3pelieHusi 1 dJIeK-
TPOMOPANNX MOTYT OBITH YCIIENTHO MCITOJIH30Ba-
HBI JIJI1 U3YYEHUSI MOJIEKYJISIPHBIX MEXaHU3MOB
nelicTBusi KopoHaBupyca SARS-CoV-2 Ha KJIeTKHU
KpoBHu. lccienoBaHus C WCIOJb30BaHUEM
MOJOOHBIX METOIOB MOTYT CIIOCOOCTBOBATH
HayYHOMY O0OOCHOBAHMIO TUIIOTE3, BHIJIBUTAE-
MBIX CETOIHS.
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