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BeegeHue. MHorve 60ne3Hu YenoBeka NaToreHeTUYECKM CBsI3aHbl C AUCHYHKLUMEN SHAO0TENUS], YTO MOTUBMPYET pas-
pabaTbiBaTb leKapCTBEHHbIE NpenapaThbl, BO34eACTBYOLLNE HA SHAOTENNOUNUTLI. [115 pelleHns 3agaum paspaboTku
Tepanuu, HaLeneHHON Ha 3HO0TeN M, MpeaaraeTca MCNosib3oBaTb METOA4 bl HAHOMeANULMHbBI, 8 UMEHHO CO3[4aHNe HaHOo-
pa3MepHbIX CTPYKTYP, AOCTaBASIOWNX fleKapCTBEHHbIN NpenapaT B 3HA0TeNnMoyuTbl. [epcneKTMBHbIM KaHAWOATOM
Ha poJib HETOKCUYHOTO, BOCOBMECTUMOrO HOCUTENS JIEKAPCTBEHHbIX MPenapaToB B SHAOTENUOLUMTbI ABNISIOTCS HAHO-
Be3UKY/bl U3 MeMOpaH 3puTpoLuUTOB YenoBeka. Lienb paboTbl — pa3paboTka TEXHONOMMM NONyYeHUss HAHOPa3MEPHbIX
Be3UKyn MeMBpaH 3puTPOLUTOB YesloBeKa 3arpy>XeHHbIX MOLeNbHbIM COeIMHEHNEM, U U3YyYEHWUE MOTTIOLLEHUS MOJTY-
YeHHbIX BE3UKYJ 3HLOTeNIMEM Ha MOZENH in vitro.

MeToauka. MeTo40OM FMNOTOHWYECKOIO FeMOJIM3a Nosyyanu 3puTpoLuTapHbIe TEHU, 3arpyxanm MeMbpaHoHenpoHu1La-
eMbIM chnyopeLmpyoLLUM KpacuTenem, BOCCTaHaBNBaNM MU30TOHUYHOCTb Cpefbl U yNbTPa3BYKOBOW rOMOreHn3aumen
nony4anu aputTpouuTapHble HaHOpa3MepHble Be3uKyJibl, KOTOPble 3aTeM OTMbIBasM MeTOAOM Auannsa uam ynbtpa-
LueHTpudyrmpoBaHus. XapakTepusoBasu nonyyYeHHble 3pUTPOCOMbl MeToaMU (hOTOHHO-KOPPESSLLMOHHON CNeKTPOo-
CKOMWUM U NPOCBEYMBAIOLLEN INIEKTPOHHOW MUKPOCKONUM ¢ 06paTHbIM KOHTpaAcToM. M3yyanu nornoLieHne nosyyeH-
HbIX 3pPUTPOCOM KJleTKaMu JiuHun EA.Hy926 ¢ ncnonb3oBaHnem MeTofa NPOTOYHOM LMTOSTyOPUMETPUA U OLLEHMBANIU
LUMTOTOKCUYHOCTb a3puTpocom B MTT-TecTe.

PesynbTtaTtbl. [onyyeHbl 1 0xapakTepu3oBaHbl NpenapaTbl 9pMTPOCOM — HaHOPa3MePHbIX BE3UKYI U3 3aMKHYTbIX
TeHeln apuTpoLUTOB. [loKasaHo, YTO IPUTPOCOMbI 3arpyXXeHHble MeMBpPaHOHeNpPoHULaeMbIMU dyopecLMpPYOLLUMU
KpacuTensaMmu NornowaroTcs KneTkaMu nmHum angoTtenvountos EA.Hy926, paccmaTpuBaeMbiMu Kak MoAenb 3HA0Te-
nusa in vitro. TpaHCNOPT 3pPUTPOCOM B 9HA0TENIMOLUTLI IBASIETCSA 9HEPro3aBUCUMBIM, T.K. Bnokupyetcsi npu 4°C. dpu-
TPOCOMbI He 0Ka3blBaloT LUTOTOKCUYECKOro AeNCTBUS.

3aknioueHue. PaspaboTaHa NpocTas U TeXHONOrMYHast MeToAMKa NONy4yeHUsi U3 MeMbpaH 3pUTPOLIMTOB YenoBeka
HaHOpa3MepHbIX Be3UKYJl, 3arpyXXeHHbIX MOAEeNbHbIM COeAUHEHNEM U MO0 aeMbIX KileTKamMu 3HL0TeIMOLUTOB, YTO
nos3BoJIieT paccMaTpMBaTh NOy4YeHHble 3PUTPOCOMbI KaK NepcrekTMBHbIE CpeACcTBa [OCTaBKM fleKapCTBEHHbIX Npe-
napaToB B 9HOOTENWN.
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Introduction. Many human diseases are pathogenetically associated with endothelial dysfunction, which motivates the
development of drugs that affect endotheliocytes. To develop therapies targeted at the endothelium, it is proposed to
use technologies of nanomedicine, specifically, the creation of nanoscale structures that deliver a drug to endothelio-
cytes. Nanovesicles from human erythrocyte membranes are a promising candidate for the role of a non-toxic, biocom-
patible drug carrier in endotheliocytes. The aim of the study was to develop a technology for obtaining nanoscale vesi-
cles of human erythrocyte membranes loaded with a model compound and to study the absorption of the obtained vesi-
cles by the endothelium in an in vitro model.

Method. Erythrocyte ghosts were obtained by hypotonic hemolysis and loaded with a membrane-impermeable fluores-
cent dye. Then the medium isotonicity was restored, nanoscale erythrocyte vesicles were obtained by ultrasonic homo-
genization and washed by dialysis or ultracentrifugation. The erythrosomes were characterized by photon correlation
spectroscopy and inverted-contrast transmission electron microscopy. The erythrosome uptake by EA.Hy926 cells was
studied using flow cytofluorometry, and the erythrosome cytotoxicity was evaluated in a MTT test.

Results. Preparations of erythrosomes, nanoscale vesicles from erythrocyte ghosts, were obtained and characterized. It
was shown that erythrosomes loaded with membrane-impermeable fluorescent dye were absorbed by human EA.Hy926
endothelial cells, that are considered an in vitro model of the endothelium. The transport of erythrosomes into endothe-
liocytes was energy-dependent as it was blocked at 4°C. The erythrosomes had no cytotoxic effect.

Conclusion. A simple and technologically advanced method was developed for obtaining nanoscale vesicles loaded with
a model compound and absorbed by endotheliocytes from human erythrocyte membranes. Thus, the obtained erythro-
somes are promising means for drug delivery to the endothelium.

Keywords: erythrosomes; red blood cells; endothelium; nanomedicine

For citation: Filippov A.G., Sinyukova T.A., Moskovtsev A.A. Erythrosomes — preparation and uptake by endothelium
in vitro. Patologicheskaya Fiziologiya i Eksperimental naya terapiya. (Pathological Physiology and Experimental Ther-
apy, Russian Journal). 2025; 69(3): 12-17. (in Russian)

DOI: 10.48612/pfiet/0031-2991.2025.03.12-17

Author's contribution: research concept — Filippov A.G., Moskovtsev A.A.; experiment design — Filippov A.G., Sinyukova T.A,,
results processing, writing the text — all authors.

For correspondence: Alexey. A. Moskovtsev, Head of the Cellular Stress laboratory, Russian Federation, 8, Baltiyskaya st.,
Moscow, 125315, e-mail: bioinf@mail.ru

Information about the authors:

Moskovtsev A.A,, https://orcid.org/0000-0002-5648-824X

Sinyukova T.A., https://orcid.org/0000-0001-6079-8841

Financing. The reported study was funded by Foundation for Scientific and Technological Development of Yugra, project number
N2 2024-108-05.

Conflict of interest. The authors declare no conflict of interest.

Received 15.06.2025
Accepted 25.08.2025
Published 30.09.2025

BeegeHune TpaHcLuTo3a [1]. VI3BecTHBIe cTpaTeruu JOCTaBKYU B 1aTOJIO-

T'MYeCKUH HZOTe/NH BK/IIOUAOT: JIMTIOCOMBI; Oe/IKOBbIe KO-

OHJOTeNMUM COCYA0B MOXKHO PacCMaTpUBaTh KaK OJMH  HBIOTaThl, HAl[e/IeHHbIE HA MOJIEKY/IbI MEXKK/IETOUHOM a/Ire3ul;

U3 KPYNHeHIIMX OpraHoB yesioBeKa, JUCHYHKLMS KOTOPOTO  OBEpPXHOCTHBIE peLienTopkl; ¢pepmenTs! [2]. HegasHo 66110

aCcCOLMMPOBAHa C PAJOM IAaTOIOrMI W MATOJIOTUYeCKUX CO-  [I0KA3aHO M3MeHEHMe TMOIVIOIeHHs] AKTUBUPOBAHHLIMU SH/IO0-

cTosiHMiA (fuabeT, KypeHue, TUIIepXoiecTepUHeMus], Tunep-  teqmonuramMd HUVEC UNocoM, HeCyLIUX YIIeBOHbIN /-

TPUIVIMLIEPU/IeMHUS, TUIIePrOMOLIMCTerHeMuUs U Aip.). Ilpy mime-  ranp Sialyl Lewis X k E-ceiekTuHy, B 3aBUCMMOCTH OT CKO-

muy, Tpomb03e, BOCTaIeHUH BO3HUKAeT 3a/iada JOCTaBKU Te-  POCTH N0TOKA B MUKPOQVIIOMIHON MOJIe/Id «COCy/a-Ha-um-

paneBTUUECKUX U AMATHOCTUUECKUX areHTOB K SH/OTE/UIO,  rie» [3], UTo yKa3biBaeT Ha B)KHOCTh He TOJIbKO Hal|e/TMBaHUS,

KPOMe TOr0, Halje/IMBaHKe Ha SH/I0Te/Mi MOXeT 00eCeunTh  HO ydeTa MM/pOJAMHAMMUeCKHX YCIOBMIA /1 0GecrieueHus 3¢-
JIOCTaBKy IperapaToB B TKaHU Yepe3 SH/A0Te/Iri M0CpeCTBOM (heKTUBHOrO 3aXBaTa JTUIMOCOM K/IeTKaMH.
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VHTepecHa BO3MOYKHOCTh UCTIO/TB30BATh B KaueCTBe KOH-
TeHHepOoB /IJisl JIeKapCTB COOCTBEHHbBIE K/IETKH OPraHu3Ma,
HampuMep, 3pUTPOIUTHI [4]. 3arpy3Ka MoJieKy/ Trperapara
B 9PUTPOLIUTHI UM UMMOOHU/TU3AL[1sE Ha IOBEPXHOCTH K/I€TOK
obecrieunBaeT AJIMTEbHYIO LUPKY/IALUI0 Ie€KapCTBa B KPO-
BU, yMeHbIIIEHHEe YacTOThI M0O0UHbIX 3¢hdekToB [5]. V3Bect-
HBI pabOTHI TI0 3arpy3Ke B 3PUTPOLUTHI KOPTUKOCTEPOU/IOB,
Kap/IMOTOKCUUHBIX aHTUOHOTUKOB, [IeTOKCUIIUPYIOLUX (hep-
MeHTOB [6]. TIpu 3TOM U3BECTHO, UTO MHUKPOUACTHULIBI, OTII[E-
TI/IsieMble SPUTPOIIUTAMU TIAIJEHTOB C CePIIOBHIHO-K/IETOU-
HOUM aHeMUel, CTIOCOOHBI TIOT/ION[AaThCS YH/0TeTHATbHBIMU
KJIeTKaMH [7], 9TO yKa3bIBaeT Ha TPOMHOCTh SPUTPOLUTAP-
HBIX MUKDPOYACTHI] K SH/IOTE/THIO.

I{e/1b10 HACTOsIIEM PAOOTHI AB/ISIETCS MTOTyYEHUE IPUTPO-
COM — HAHOYACTHI] U3 3aMKHYTHIX TeHell 3pUTPOLIUTOB, 3arpy-
>KEHHBIX MOJIe/TbHBIM COeJUHEHHEM, W OI|eHKa BO3MOYKHOCTH
WICTIOTh30BaHUsST SPUTPOCOM B KaueCTBe CPeJICTBA JOCTaBKU
JIEKapCTB B SHZOTEINMN.

MeTtopguka

Ionyuenue spumpocom. DpUTPOCOMBI NOYYaIU U3 CBe-
JKell uesioBeueCcKoil KPOBU 3[J0POBBIX JAOHOPOB. KpoBb OT-
6vpanu B UuTpaTHbIN Oydep, LeHTpUQYTrUpOBaHUEM OCaK-
Janu sputpouurapHyto Maccy (200g, 10 muH, 4°C), KoTo-
PYIO0 pecycreH3UpoBaau B xon0AHOM (4°C) ofHOKpaTHOM
pactBope docdarHo-coneBoro bydepa (1X PBS) ¢ 5 MM
[JIFOKO3bl U TOBTOPHO OCak[asaM, 3aTeM MOBTOPS/IN Ipo-
MBIBKY /iBa pa3a. 0,5 MJI CyClieH3uu 3pUTPOLIUTOB BHOCH-
m B 4 My iusmpytoiero 6ydepa (1/5X PBS, 1 MM MgCL,
c/6e3 1 MM CaCl,, 4°C). MeMOpaHbI 0CaX/aIu LeHTPUQY-
rupoBaHueM (800g, 10 muH, 4°C) 1 IpOMBIBaIM JIU3UPY-
oM Oydepom Tpu pasa. BHOCHIM KanblLieWH [0 KOHeU-
HoOM KoHLjeHTpauyu uau @UTL] MeueHbll AUTTUALWI-TTALMH
[l0 KOHeuHbIX KoHLeHTpauui 80 Mxr/ma u 300 MkM, cooT-
BeTCTBEHHO, U 3areyaThiBajy TeHH, BOCCTaHOB/IMBAs U30TO-
HUYHOCTH fo6aBneHuem 8X PBS, c mocnenytolrei nHKyOa-
uueit ipu 37°C B Teuenue 0,5 4. 3aTeM CyCrieH3UI0 TeHel 06-
pabareiBaii Ha yIBTPa3BYKOBOM roMoOreHH3aTope Sonopuls
(Bandelin electronics) npu 50% MOIIIHOCTH U [JTUTETHHO-
¢ty UMKI0B 5%X10% B TeueHue 3x10 C ¥ BHEIIIHEM OXJIaXK/e-
Hu (0°C) 1 nozBepranu auanusy (mopor orcedeHus 12 x/la)
TIPOTUB ABYKPaTHO CMeHsIeMOro (pU3MO0I0rHYecKoro pac-
TBOpa 1pu 4°C B TeueHue 12 u mubo neHTpUdyrUupoBamu
ripu 100 000g B TeueHre 35 MUH, a 0Ca/IOK peCyCrieH3UpOoBa-
s B 1 M PBS u xpanunu npu 4°C.

PacnipezienieHrie 5pUTPOCOM I10 pa3MepaM XapaKTepH-
30Bajii MeTO/IOM (POTOHHO-KOPPEJISILIUOHHOM CIEeKTPOCKO-
muu (ZetaPALS, Brookhaven Instruments) 1 rmpocBeurBaro-
11eld 37eKTPOHHOM MUKPOCKOTIUY C 0OpaTHBIM KOHTPAaCTOM
momibaarom ammonust (LEO 912 AB OMEGA, Carl Zeiss,
Germany).

DKCnepuMeHmbl Ha Ky/biype KAemoK. DKCIIePUMeHTbI
TIPOBOW/IMCH Ha K/eTKax JIMHUM 3HAoTemonutoB EA.Hy926.
Knerku muanu EA.Hy926 kynerusruposanu B cpege DMEM
¢ 2 MM L-riayramuHoM, 5 MM MTUpYBaTOM Harpusi, J00aBKaMu
HAT, 3amennmbix aMuHOKHCTOT (NEAA) 1 10% sMOprioHasb-
HO¥ chIBOpOTKOH TesteHKa B CO,-unky6arope (37°C, 5% CO,).
151 U3ydeHus IOIVIOLLIEHUS 3pUTPOCOM SHAOTEeIUOLUTaMY,
B Ky/nbTypy KieTok EA.Hy926 BHOCUIM Mperniapar 3pUTpo-
coM c pazbaenienvieM B 10 pa3 ¥ HHKYOMPOBa/IU B TeUeHHe 3 U
npu 37°C B CO,-uHKyGarope, 3aTem CpeAly y/Aassi/u, TIPOMbI-
Basii PBS, K/leTKU CHUMAa/IU C M0JJ/10)KKA BepCeH-TPUIICU-
HOM, pecycrnieHsuposaiu B PBS u ananusupoBanu Ha Ipo-
TouHoM nutodiyopumetpe FACS Calibur (Becton Dickinson
Ltd, CIIIA).

OueHky BbDKMBaeMocTd B MTT-tecte mpoBoguiu
B 96-/IyHOUHOM IJIQHIIIETe [10C/Ie UHKYOAl[UU KJIEeTOK B Te-
yeHue 12 wiu 24 4 ¢ npenaparoM 3pUTPOCOM, BHeCEHHbIM
¢ pazbaenenuem B 10 u 6onee pa3. MTT-kpacuTesib BHOCH-
U fo koHreHTpauwu 0,5 Mr/Mi1, MHKyOUpoBaiu 4 u, yaasns-
JIU Cpejy, PacTBOPSUTA 0Ca/IoK opmasaHa B DMSO u u3me-
PSUIM ONTTUYECKYTO TUIOTHOCTB 1Py A=544 HM nipoTtHB 620 HM
(Hidex Chamelion, Hidex Oy).

PesynbTaTtbl 1 06cyxgeHne

VI3BecTHBI pa3/MuHble MeTObl 3aTPy3KU 3pUTPOLIUTOB:
3/1eKTpoIopanysi, (hapMarieBTHUeCKH BbI3BaHHBIN SH/IOLIUTO3,
OCMOTHUYECKHUI TeMO/IM3 Y TUIIOTOHWYeCKUI reMonu3 B pas-
JMYHBIX MoguduKauusax [5]. Mbl UCIOb30BaIN TUIIOTOHU-
YyeCKUM reMosn3, O3BO/UBIIMI IPOCTO U TEXHOIOTUUHO T10-
JIy4yaTh «TeHW» 3PUTPOLIUTOB U 3arpy’kaTh B HUX MOJe/bHbIe
coefvHeHUs — MeMOpaHOHeNpoHUIaeMble (hyopecLpyo-
1je KpacuTeau. DPUTPOCOMBI, TI0/yUeHHble 03ByUHBaHUEM
3aMKHYTBIX TeHel 3PUTPOLIMTOB, COIVIACHO /IaHHBIM (OTOH-
HO-KOPPEJISILIMOHHOM CIIeKTPOCKONUU MMeNU CpeJHUN pas-
Mep 120 um (puc. 1).

17151 u3yueHUs MOIVIOLLEHHs] 3PUTPOCOM H/I0TeTUOLUTa-
MM B KaueCTBe MOJie/Id SH/0Tesus in vitro Oblia BeIOpaHa Kiie-
TouHas uHus EA.Hy926 (rubpusoma KIeToK Ky/IbTyphl 9H-
JoTenrourToB BeH nyrnoyHoro kaHatika HUVEC u kietok
JIMHUY aIeHOKapLIMHOMBI Jierkux A549) cTabuibHO COXpaHsi-
1o11jast PeHOTHIT SH/IOTeMS B TIPOLieCce Ky/IbTUBUPOBaHus [8].
YuutsiBas, uto A (Max) KCTUHKLUYA ¥ SMUCCUH JIJIs1 KaJlblie-
rHa paBHbI 470 u 509 (HM), COOTBETCTBEHHO, a /1s diyopec-
terHa 495 v 520 (HM), TIor/IoIIeHUe KIeTKaMU SPUTPOCOM, 3a-
TPY’KEHHBIX 3TUMH KPacUTesIsIMU, MOXXHO HaO/TFOIaTh Ha Tpo-
TOYHOM LIUTOGITyOpHUMETpE C BO30Y>KZeHHeM CUHHM J1a3epoM
(488 um) u getekuyeit Ha kaHane FL-1H (530430 um). Boige-
JIUB TeUT KJ1eToK B koopauHatax FSC/SSC (puc. 2, a/a), rio-
Jlyyasid TUCTOTpaMMy paclipe/ie/ieHus Uncia K/IeTOoK 110 UH-
TEHCHBHOCTH (h1yopeciieHuy. BugHo (puc. 2, 6/b), uto mno-
CJle IpeJMHKY0aLMK KJIETOK C 3PUTPOCOMAaMHU 3arpy>KeHHbIMU
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Puc. 1. XapaKTepMCTMKa 3PUTPOCOM. a — FMCTorpamma pacnpeneneHna no pasmMepam apuTpounTapHbIX HAHOCOM Mosny4YyeHHada MeTo40M
CbOTOHHO-KOppeJ'IHU,MOHHOﬁ CneKTpocKonuu. 6 - SﬂeKTpOHHO-MI/IKpOCKOI'Il'NeCKOE Msoﬁpa)KeHue 3pPUTPOCOMDI C OﬁpaTHbIM KOHTpacToM

Monn64aToOM aMMOHMUSI.

Fig. 1. Characteristics of erythrosomes. a — Histogram of the size distribution of erythrocyte nanosomes obtained by photon correlation
spectroscopy. b — Electron microscopic image of an erythrosome with reverse contrast with ammonium molybdate.
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Puc. 2. OueHka nHTepHanu3aumm apuTpocom knetkamm EA.Hy926. a — TunmyHas kapTuHa pacnpegeneHns cycneHsum knetok EA.Hy926 B
koopauHaTtax FSC/SSC: reiT R1 — kneTku, redt R2 — gebpuc. 6 — MMcTorpaMMbl reita KneTok MHKYOUMpOBaHHbIX C 3pUTPOCOMaMM NyCTbl-

Mu (1) 1 3arpyxeHHbIMU KanbLenHoM (2) no kaHany FL1-H.

Fig. 2. Evaluation of erythrosome internalization by EA.Hy926 cells. a — Typical distribution pattern of EA.Hy926 cell suspension in FSC/SSC
coordinates: gate R1 — cells, gate R2 — debris. b — Gate histograms of cells incubated with empty (1) and calcein-loaded (2) erythrosomes

in the FL1-H channel.

KpacHTesieM, UHTEHCUBHOCTD (TyOpeCLIeHLMHY KJIETOK Pe3KO0
BO3pacTaJia o CPaBHEHHIO C aBTO(IyopecLeHIel B KOHTPO-
Jie (Hab/moaI0Ch CMelleHre MUKa Ha TUCTOrpaMMe BIIPaBo,
CBUZETENBCTBYIOIEee 00 ycuieHUH (HTyopecreHLUH K/IeTOK
BCJIe[ICTBHE TIOTJIOIIEHUH (DTyopeCUPYIOIIero KpacuTeIs).
Yro6bl rapaHTUPOBATL OTCYTCTBUE B MperapaTe 3pUTPOCOM
He3arpy>kKeHHOT'0 KpacuTe/Isl, SpUTPOCOMBI OUMILIAINA [BYMS
Pa3/IMYHBIMU CTIOCOOaMU: Y/IBTPalleHTPUGYTUPOBAHUEM UITH
mranu3oM. Criocob OUMCTKH He BMST HA Hab/HoaeMblit 3¢-

ekt norioienus. Takxke He ObIJIO 3aMeUeHO 3HAUMMBIX OT-
JIMYUH B MOTVIOLIEHUH SPUTPOCOM, TIPUTOTOBJIEHHBIX ¢/6e3 /10~
6aBoK MOHOB KasbLiust (1 MM).

MO)XHO TIPeATIO/NIOKUTE pa3/MuHble MeXaHW3Mbl IOIVI0-
LIeHUS 3PUTPOCOM. /151 UX JUCKPUMHUHALIAM ObLI TOCTAB/EH
9KCIIEPUMEHT 0 WHKYOAIi 3PUTPOCOM C SHAOTETHOLIUTA-
MU 11pH 4°C, a TakkKe € HAOTETUOLUTaMHU T10C/e NPeAUHKY-
Hayu K/eTok ¢ rerapuHoM (10 MKr/Mit) Wid XJIOPOXUHOM
(200 kM). U3 puc. 3, a/a BugHO, uto npu 4°C 3pUTPOCOMEI
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Puc. 3. 3cdhdheKTbl MHTIMOUTOPOB SHAOLMTO3a Ha MOFTIOLLEHWE S3PUTPOCOM. @ — [MCTorpaMmbl reiita knetok EA.Hy926 nHKy6UpoBaHHbIX ¢
nycTbiMu aputpocomamu npm 4°C (1), npu 37°C (2) u 3arpyxeHHbIMU pnyopecLenH AUrnmuunrmuuHom npm 4°C (3), npu 37°C (4) no KaHa-
ny FL1-H. 6 — TncTorpaMMbl reiTa KneTok MHTakTHbIX (1), 6e3 npeguHky6aumy ¢ renapuHom (2) v nocrne npefuHky6aumm ¢ renapuHom (3)
no kaHany FL1-H MHKYOGMpOBaHHbIX C 3pUTPOCOMaMW 3arpy>XeHHbIMU KasnbLEeUHOM. B — [MCTOrpaMMbl reifTa KJeTok MHTakTHbIX (1), 6e3
npeAvHKy6aumm ¢ XnopoxuHom (2) u nocne npeamHky6auum ¢ xnopoxuHom (3) kaHany FL1-H MHKYGMPOBaHHbIX C 3pUTpPOCOMaMu 3arpy-
XEHHbIMU (hITyopeCLEUHANTINLMITTTULUHOM.

Fig. 3. Effects of endocytosis inhibitors on erythrosome uptake. a — Gate histograms of EA.Hy926 cells incubated with empty erythrosomes
at4°C (1), at 37°C (2) and loaded with fluorescein diglycylglycine at 4°C (3), at 37°C (4) via the FL1-H channel. b — Gate histograms of intact
cells (1), without preincubation with heparin (2) and after preincubation with heparin (3) via the FL1-H channel incubated with erythrosomes
loaded with calcein. ¢ — Histograms of the gate of intact (1), without preincubation with chloroquine (2) and after preincubation with chloroquine

(3) cells in the FL1-H channel incubated with erythrosomes loaded with fluorescein diglycylglycine.

He TIOIVIOLIA/IMCh K/IeTKaMH, T.K. THTeHCHBHOCTD (ryopecrieH-
VM KJIETOK, HTHKYOUPOBaHHBIX C 5PUTPOCOMAMH, He OT/IYa-
J1ack OT aBTO(IyOpeCrieHL KOHTPOJIBHBIX (@BTOduIyopec-
LieHL[1sI B KOHTPos1e TIpH 4°C HeCKOMbKO HIKe KOHTPOJILHOM
nipu 37°C). VHrrbupytolee felicTBUe X0/I0a Ha TOIJIoLe-
HHe 9PUTPOCOM YKa3bIBaeT Ha TO, UTO 3TOT TPOLIeCC SB/ISIeTCS
JHEPro3aBUCUMBIM, U MOZIaBeHUe MpoayKiuu AT® 6/0Ku-
PYeT TPaHCIOpT 3puTpocoM. [IpeuHKyOaLHs K/IeTOK C rema-
puHoM (puc. 3, 6/b) Wu XJI0pOXUHOM (pHC. 3, 8/C) He UHTH-
OvpoBasia TIOIIOILeHHe SPUTPOCOM. XJIOPOXUH UHTUOUpYeT
KJTaTPUH-3aBUCUMBIN TPaHCIOPT [9], a renapuH — UHTMOUPYeT
CBSI3BIBAHHE C PeLieNTOPaMH, aCCOLMMPOBAHHBIMH C TreliapyuH
cy/b¢ar IpOTeOrTMKaHOM; W3BeCTHO MHTMOMPOBAHUE SHJO-
LIUTO3a 9K30COM OIMYyXO0JIEBBIX K/eTOK rerapuHoM [10]. Mox-
HO TOBOPUTB 00 OTCYTCTBUY BOB/IEYEHHOCTH THX MPOLIECCOB
B TIOIVIOII|eHHe SPUTPOCOM.

B pa6orte [7] 6b110 110Ka3aHO, UTO MUKPOUYACTHIIbI, OTILIE-
TUIsIeMble 3PUTPOLIMTAMH TIAL[IeHTOB C CePIIOBUHO-K/IeTOU-
HOW aHeMuel, CrioCOOGHbI BbI3bIBATh OKUC/TUTEIbHBIN CTPeCC
Y arionTo3 B SHAOTE/NATbHBIX K/IeTKaX, BEPOSTHO UTPasi poJib
B MaToreHe3e atepockiepo3a. IPQeKT CBI3bIBAIOT C HaTMUHeM
B MUKPOYACTULIaX SPUTPOLIUTOB reMOrI00MHA ¥ BEICBOOOXK ja-
eMBIX U3 HEero reMHUHa M MIOHOB JKeJle3a, CIIOCOOHBIX KaTalu-
3MpOBaTh peaklyu 00pa30BaHUsl aKTUBHBIX ()OPM KHUCIOPO-
[la ¥ OKUCJIeHHBbIX UnuzoB. Hamu He ObU10 0OHAPY»KeHO CTa-
THUCTHUUECKH 3HAUMMOTO TOKCHYeCKOTO JeHCTBUS 3PUTPOCOM
Ha KJ1eTkH KynbeTypsl EA.Hy926 B MTT-TecTe nipu npozoJi-

JKUTEIBHOCTH WHKYOalwy 12 4 1 24 u. OTCyTCTBHE TOKCUY-
HOCTU 3PUTPOCOM MOXXHO OOBSICHUTE OTCYTCTBHEM I'eMOTJIO-
OuWHa, yZJaJIeHHOTO U3 SPUTPOLIUTAPHBIX TeHel MPU OTMBIBKE,
1 WUCIO/Ib30BAHUEM IS [TOJIyUYeHHsI SPUTPOCOM CBEXXUX [I0-
HOPCKHUX 3PUTPOLIUTOB, He MOZBEPrIINXCs CTaPeHUI0 B IIPO-
Ljecce XpaHeHMsl.

3akntoueHue

C NoMOLL[bI0 CPaBHUTETBLHO MPOCTOTO Y TeXHOJIOTMUHOTO
MeTo/ia ObI/IN MO/TyUeHbI U 3arPy’>KeHbl MO/Ie/IbHBIM COe/IhHe-
HHEM HaHOpa3MepHbIe SPUTPOCOMBI, CTIOCOOHBIE TOIJIONIATh-
Cs1 SHAOTENINAIbHBIMU KJIeTKaMH in Vvitro. TO MO3BOJSeT pac-
CMaTpYBaTh 3PUTPOCOMBI KaK MepCrieKTUBHbIE HETOKCUYHbIe
OMOCOBMECTHMEBIE CPE/ICTBA JOCTAaBKU JIEKAPCTBEHHBIX Tpe-
1apaToB B 9H/IOTe/UH.
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