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ITess uccremoBanus — u3yanTs 3hHEKTUBHOCTD JeHCTBISI CHHTETHYECKOTO CTaOUIN3UPOBAHHOTO aHAJIOT JIeli-
sHKedaTnHa B KAUeCTBe CPENCTBA, TIPEOTBPAIIAIONIETO TOBPEsKIEHIE MOHOCIIOS IH/I0TETUAIBHBIX KIETOK i1 Vitro
071 IEViCTBIEM CHIBOPOTOK MAIMEHTOB C CENITUYECKIM IITOKOM.

MartepuaJbl 1 METOIbI. DKCIIEPUMEHTBI BLITTOJHEHbBI HA MOHOCJIOE aH/10TesnanbHbIX KiaeTok EaHy.926. Vzyuanu
BJIVISTHIIE CHHTETHYECKOTO aHAJIOTA JIeli-aHKebanHa in vitro Ha pa3BUTHE TIOBPEXKIEHIS KJIETOK TI0] IefICTBIEM ChI-
BOPOTOK IAI[EHTOB (5 GOJbHBIX € CENTHYECKUM MOKOM). COCTOSIHIE MEKKIETOUHBIX KOHTAKTOB SH[OTEJIUST Olle-
HUBAJIA METOJIAMU UMMYHO(IIYOPECIIEHTHON MUKPOCKOITIY U MIMMYHOOJIOTHHTA C aHTUTEIAMU K OEJIKY a/[re3UBHBIX
KOHTaKTOB — V E-Kajrepuny u 6esiKy MJIOTHBIX KOHTAKTOB — KJayiHY. JKI3HeCIocoOHOCTD KJIETOK ONPEeeIsiin C
MOMOIIBIO OKPACKU HOIMCTHIM TIPOITUIUEM.

Pesyabratsl. [[pekoHIUITMOHIPOBaHNE CHHTETHYECKUM aHaIoroM Jieii-sukedasuna (10, 50 u 100 Mxr/min) Kie-
TOK DH/JIOTEJN in Vitro TPUBOANIO K TIPEOTBPAIIEHUIO J€CTPYKIIUH MJIOTHBIX U a/ITe3UBHBIX KOHTAKTOB, & TAKIKE
YaCTUYHO TIPEAOTBPAIIAIIO0 THOEIb SHIOTETUOIUTOB.

3akmoyenue. [IpekoHIUITMOHIPOBAHNE CUHTETHYECKUM AHAJIOTOM Jieli-aHKehaTnHa YacCTUIHO MPeI0TBPAIIAeT
rubesib SHOTETUOIUTOB, BHI3BAHHYO BO3/EHCTBHEM CbIBOPOTKU CENITUYECKUX OOJIBHBIX in Vitro. ITu [aHHbIE AUK-
TYIOT HEOOXOAUMOCTD TIPOBEIEHUST KIMHUYECKUX UCTIBITAHMIT 9(DHEKTUBHOCTU TIPUMEHEHNS] CHHTETHYECKOTO aHa-
Jiora Jyiefi-aHKedanTHa ¢ 1esbio TPOMDUIAKTUKY CETICHC-aCCOIMUPOBAHHON 9H/I0TETUATBHON TUCHYHKITUN.

Kmouesvle cnosa: ieii -SHKeqbaJluH; npoHUUaAemocms 3H80meﬂuﬂ; CuHapOM CUCIMEMH 020 s0CnAlUmeslbH0zo omeema,
cenmureckutl WOK; ,ZZaJlapzuH

The purpose of the study was to determine the efficacy of a synthetic leu-enkephalin stabilized analogue to pre-
vent damage of endothelial cells monolayer in vitro caused by serum samples from septic shock patients.

Materials and methods. The experiments were performed using the EaHy.926 endothelial cells monolayer. We
studied the in vitro effect of synthetic leu-enkephalin analogue on the cell damage caused by serum samples from
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five septic shock patients. The status of endothelial intercellular junctions was estimated by immunofluorescence
microscopy and western blot with antibodies against adherens junction protein, VE-cadherin, and against the tight
junctions protein, claudin. Cell viability was determined by staining with propidium iodide.

Results. Preconditioning with a synthetic leu-enkephalin analogue (10, 50 and 100 pg/ml) of endothelial cells
in vitro prevented the destruction of both tight and adherens junction and partially prevented endothelial cell death.

Conclusion. Preconditioning with a synthetic leu-enkephalin analogue partially prevents endothelial cell damage
caused by exposure to septic patients’ sera in vitro. These data ensure the need for clinical trials on the effectiveness
of a synthetic leu-enkephalin analogue for prevention of sepsis-associated endothelial dysfunction in clinics.

Keywords: synthetic leu-enkephalin stabilized analogue; endothelial permeability; systemic inflammatory response

syndrome; septic shock; Dalargin
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BBenenue

IHJIOTEIMH TIPEAICTABJIEH OTHUM CJIOEM CIIeTra-
JIN3UPOBAHHBIX KJIETOK, BBICTUJIAIONIUX BHYTPEHHIOIO
MOBEPXHOCTHh KPOBEHOCHBIX U JTUM(DATUIECKUX COCY-
10B. IToMuMo 6apbepHOIL, SHAOTEIMIT BHIIOJIHIAET P
Ipyrux Gu3nogorndecknx GyHKIUN: moanepsKanme
OHKOTUYECKOTO JaBJIEHUS, YIaCTHE B CBEPThIBAHUU
KPOBH, aHTHOTeHe3e U 1poy. [Ipu pasBuTHN HEKOTO-
PBIX TIATOJIOTUYECKUX IPOIECCOB, IHAOTETNATHHASA
JUCHYHKIIMS CTAHOBUTCS UX BAKHOU COCTABJISIONIEN
U BO MHOTOM OIIpeiesieT TSKeCTh TeUYeHUs aTepo-
CKJIEpO3a, CeICcuca, NeMuYecKuX u pernepdysnon-
HBIX TTOBPEXKIECHUN, TSKETON COUeTaHHOU TPABMBI, a
TaK)Ke CHHJpOMa CUCTEeMHON BOCTIATUTEIbHON peak-
un (CCBP), B ToM umciie, 1 B paHHEM TOCJIeorepa-
nmnonHoM niepuozie [1]. TpanckanuiisgpHas yreyka
JKUJIKOCTH, BO3HUKAIONIAS BCJEACTBUE HAPYIICHUS
GapbepHOI (DYHKIIMU SHAOTEIM WK THOEII KJIETOK,
MPUBOAUT K BO3HUKHOBEHWIO MHTEPCTUITUATBLHOTO
OTeKa, 4YTO, Ha YPOBHE OpraHu3Ma, ManudecTupyer
MOJIMOPTAHHON HEJOCTATOYHOCTBIO — COCTOSHUEM,
[PEJICTABJISIIONIEM CEPHE3HYIO YTPO3Y KU3HH OOIbHO-
ro CCBP [2]. Baxwuoii coctasmsionieit CCBP asauser-
s 9HI0TeINANIbHAS TUCHYHKIIUSA — KITIOU€eBOi (heHo-
MeH KPUTUYECKUX COCTOSTHUM, COITPOBOKIAIONINNCS
yBeJIMYEeHNEM TPOHUKHOBEHUS TTPOBOCIIAJIUTETHHBIX
[UTOKUHOB 4Yepe3 TUCTOreMarudyeckue Oapbepbl U
MPUBOAIINN K HAPYIIEHUIO 1IeJIOCTHOCTHU MOCIeTHUX,
¢ nocJieryioneit nnubTpaluei TKanen JenKomuTa-
MU 1 1uTokuHamu [3]. bapeephas GyHkiusg anmgoTe-
JIug 3aKOHOMEPHO HapyniaeTcs IPU CENTUYECKOM
IIOKE, YTO CIOCOOCTBYET pasBUTHIO HeOIaronpu-
ATHBIX KJINHUYeCKUX ncxonoB [4]. Ilpenynpexnenne,
gedenre u wMunnmusanug nocaexcrsuii CCBP
SABJISETCS OJTHON U3 OCHOBHBIX 3a/1a4 AHECTE3MOJIOTOB-
PEaHMATOJIOTOB.

Hamune nmpoTuBoBOCIAINTEIBHON aKTUBHOCTH
(1. e. cocobHOCTH TOpMO3UTD pazsutTue CCBP) 1, kak
CJIeJICTBUE, CHOCOOHOCTh MPENOTBPAIATh PAZBUTHE
AH/IOTEJNNATBHON MTUCHYHKITNH, SABJILETCH MOJOKU-
TeJIbHBIM 1000YHBIM 2(P(EKTOM HEMaJoro YKcja
u3BecTHbBIX TpernaparoB [5]. Oxnako, ux abdexkTus-
HOCTD B 00CY’K/IA€MOM ILJIaHe HE BEJHMKA U, C yU4ETOM
BaskroCcTU 11pobsieMbl CCBO, nipe/icTaBisieTcst 4pe3Bbi-
YalfHO BaXKHBIM TIOUCK HOBBIX IIPEIAPATOB, CIIOCOOHBIX
TOPMO3UTD PA3BUTHE SHIOTETUATBHON TUCHYHKITUH.

Introduction

Endothelium is represented by a single layer of
specialized cells lining the inner surface of the blood
and lymph vessels. In addition to the barrier function,
the endothelium has several other physiological func-
tions: the maintenance of the oncotic pressure, contri-
butions to blood coagulation, angiogenesis, etc. In the
case of development of pathological processes, en-
dothelial dysfunction becomes a significant object of
pathological alterations and largely determines the
severity of atherosclerosis, sepsis, ischemia/reperfusion
injury, severe concomitant injury and systemic inflam-
matory response syndrome (SIRS) including that in
the early postoperative period [1]. Transcapillary fluid
leakage caused by barrier dysfunction of the endothe-
lium or cell death leads to interstitial edema, which at
the body level is manifested by multiple organ failure,
a life-threatening condition of the patient [2]. SIRS,
which includes as an important component the en-
dothelial dysfunction, is a key phenomenon of critical
illness accompanied by increased infiltration of pro-in-
flammatory cytokines through histohematogenous
barriers. SIRS leads to impairment of the integrity of
the latter, with the subsequent tissue infiltration by
leukocytes and enchanced production of cytokines [3].
The barrier function of the endothelium is impaired
naturally in septic shock, which contributes to adverse
clinical outcomes [4]. Prevention, treatment and mit-
igation of consequences of SIRS are the urgent tasks
in the intensive care.

The presence of the anti-inflammatory activity
(i.e. the ability to inhibit the development of SIRS)
and, as a result, the ability to prevent the development
of endothelial dysfunction is a positive side effect of
many drugs [5]. However, their effectiveness in the
discussed field is not high, taking into account the sig-
nificance of the SIRS problems; therefore the search
of new drugs which can inhibit the development of en-
dothelial dysfunction is essential.

More than 30 years ago, a synthetic stable ana-
logue of leu-enkephalin with delta- and mu-opioid ac-
tivity, Dalargin, which is a peptide with an amino acid
sequence of Tyr-D-Ala-Gly-Phe-Leu-Arg has been
suggested for the clinical practice [6].

The synthetic leu-enkephalin  analogue
(Dalargin) has been approved for the clinical use for
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Bouee 30-Tu jiet Hazaj B KIMHUKY ObLI BHEAPEH
CUHTETUYECKUI CTaOUIM3MPOBAHHBIN aHAIOT Jieii-
aHKedaJIMHA C JleJIbTa- U MIO-ONUOUJIHON aKTHUB-
HOCTBIO — JlaJapritt, KOTOPbIl pecTaBsieT coboit
HEeNTU/ ¢ AMUHOKUCJIOTHOHN I10CIeI0BATEIbHOCTHIO
Tyr-D-Ala-Gly-Phe-Leu-Arg.[6]

Cunrernyeckuii — aHajor Jel-sHkedaanna
([lanaprun) paspeliieH K KJIMHNYECKOMY TTPUMEHEHUIO
JLJIsT JIeYeHUsl SI3BEHHO O0JIE3HU [[BEHA/IIATUIIEPCT-
HOI KKK U KEJTy/IKA B TEPUOJL 000CTPEHHST; OCTPOTO
HAHKPEeaTUTa; OCTPOr0 HEKPOTUYECKOTO AaHKPEaTUTa
B COCTaBe KOMILJIEKCHOI Teparuu [7].

B patnux ncce0BaHusx GbIJI0 MOKA3aHO HAJIM-
yue y rperapara KapJuoIpoTeKTOPHLIX CBOKWCTB IIPU
onepanusix ¢ K [8], ogHako, Hem3yuyeHHOCTh MeXa-
HU3MOB €ro JIefcTBUS U HENOCTOSHCTBO addexTa,
nomentasnu Jlasapruny B TO BpeMs 3aHATh JOCTOHHOE
MECTO B apceHasie aHecTe310J0ra.

[Tocsie oTkpbiTHA (heHOMEHA OITMOUIHOTO IIpe-
KOHAUIMOHUPOBaHUs [9] BO3HUKIIO IPEAIIOIOKe-
HUE, YTO OpraHonpoTekTopHble addexTrl Janapruna
peanusyioTcsi TeMu Ke OUMOXUMUYECKUMU ITYTSIMU
[10], u ecin aTa runoTE3a Hali/leT CBOE MTOITBEPIK/IE-
HUe, TO y KJIMHUIMCTOB IMOSBUTCS CPEACTBO IJI
JIeYeHU S UJIH 11PeIOTBPAIeHUs OCJI0KHEHUH, TIpex-
Jle BCero OpraHHoil HeJloCTaTOYHOCTH, CBSA3AHHOM C
HJI0TENANBHON AuchyHKIMEH, B TOM yucie, pu
celrcuce U CeITUUYECKOM IIOKe.

[lenp HacTosulero uccjaeaoBaHUsA — WU3YUYUTD
3 hEKTUBHOCTH IEHCTBUSA CUHTETUYECKOTO CTabOUIIH-
3MPOBAHHOIrO aHajora Jeii-aHkedasnHa B KauecTBe
CPEe/CTBA, IIPEJ0TBPALIAIONIETO TIOBPEXKIEHIEe MOHO-
CJI051 9HJOTEUAIBHBIX KJIETOK 71 Vitro 101 IeHiCTBIEM
CBIBOPOTOK MAIMEHTOB € CEINTUYECKUM IIIOKOM.

MaTepI/IaJI U METO/1bl

ChIBOPOTKH 3a01pasii y OOJNBHBIX € Pa3BUBHINMCS
CENTHYECKUM MIOKOM, KOTOPBIe ObILJI OTOOPAHBI B COOTBET-
crBun ¢ kpurepusamu «Cercuc-3» [11]: 5 wenoBek, cpeannit
Bo3pact 45 [29-55] 7T, a TaksKe y 3M0POBBIX IOHOPOB, TTOI-
MUCABIINX NHMOOPMHIPOBAHHOE COTJIACHE: 5 UETOBEK, CPel-
Huii Bospact 35 [28—45] mer57.

DyopecueHTHAss MUKPOCKONHSA. JH/IOTEINATbHbIE
kaerku Ea.hy926 pactunu B cpene DMEM (Gibco, USA)
¢ 10% resstubeii aMmGproHaNBHOM chiBopoTKOit — FBS (Hy-
Clone, USA) 110 MOHOCJIOS1. 3aTeM KJIETKM WHKYOUPOBAJIH
B Tedenue 3-x yacos npu 37°C ¢ 5%-Holi Tesstubeii aMOpro-
HAJIBHOW CBIBOPOTKON (KOHTPOJB), C CBIBOPOTKOM 3/10pO-
BOTO 4YeJIOBEKAa, a TaKke C CBIBOPOTKON MalMeHTa ¢
cericucom 6e3 Jlasaprisa 1 B €ro IPUCYTCTBUI B KOHEYHBIX
konuentpanusax 1, 10, 50 u 100 mxr/mu. Janaprus go6as-
ssiin 32 1 wac 110 eMeHbl chiBOpoToK. [Tocse nnkybaimu
KJIETKU POMbBIBAJIM TeIIbIM pacTBopom DMEM 6e3 cbiBo-
POTKH, a 3aTeM (DUKCUPOBAIN 2%-HBIM PACTBOPOM TIapa-
dopma 1 epmeabusmzosbiBaiu 1%-Hpiv pactBopom Triton
X-100. DukcupoBaHHble KJIETKH OKPAIIUBAJM TI€PBUY-
weiMu antutenamu Kk VE-kaarepuny (BD Biosciences,
USA), a sareM HHKYOUPOBAJIN C BTOPUYHBIMU AHTUTEJIAMH,
KOHBIOTHPOBAHHBIMH € (DJIyOpecIieHTHBIM KpacuTesieM Ore-
gon Green 488 (Life Technologies, USA), a Taxxe ¢ da-
goumunaoMm, MedeHHbIM TRITC (Sigma, USA) u

the treatment of duodenal and stomach ulcer during
exacerbation; acute pancreatitis and acute necrotizing
pancreatitis as a part of the combined therapy [7].

Early studies have shown the cardioprotective
properties of Dalargin during surgery requiring a car-
diopulmonary bypass (CPB) [8]. However, unclarified
mechanisms of the drug action and variable clinical ef-
fects prevented Dalargin at that time from taking an
appropriate niche in the anesthesiology.

After the discovery of a phenomenon of opioid
preconditioning [9], it has been suggested that the ef-
fects of Dalargin are implemented by the same bio-
chemical pathways [10] and if this hypothesis is
confirmed, clinicians would have a medicine for the
treatment or prevention of complications, including
organ failure associated with endothelial dysfunction
and sepsis/septic shock.

The purpose of this study was an in vitro investi-
gation of the effectiveness of Dalargin for preventing
the damage of endothelial cells monolayer by proin-
flammatory cytokines circulating in the serum of sep-
tic shock patients.

Materials and Methods

Patients with developed septic shock were selected in
accordance with the «Sepsis-3» criteria [11]: 5 patients, the
average age is 45 [29—55] years.

Healthy donors (5 subjects) who signed the informed
consent; the average age is 35 [28—45].

Fluorescence microscopy. Ea.hy926 endothelial
cells were grown to a monolayer in the DMEM medium
(Gibco, USA) with 10% fetal bovine serum, FBS (Hy-
Clone, USA). The cells were then incubated for 3 hours
at 37°C with 5% FBS (reference group), with healthy
human serum, and with the serum of a septic patient
without Dalargin and with Dalargin at a final concentra-
tions of 1, 10, 50 and 100 pg/ml. Dalargin was added 1
hour before changing the serum. After incubation, the
cells were washed with a warm DMEM solution without
serum, then fixed with a 2% paraformaldehyde solution
and permeabilized with a 1% Triton X-100 solution.
Fixed cells were stained with primary antibodies against
VE-cadherin (BD Biosciences, USA) and then incubated
with secondary antibodies conjugated with a fluorescent
stain Oregon Green 488 (Life Technologies, USA), phal-
loidin-TRITC conjugate (Sigma, USA) and Hoechst dye
33342 (Life Technologies, USA). The processing of the
images acquired with a fluorescence microscope, as well
as their quantitative analysis, was performed using Im-
age] 1.44p and MetaVue 4.6 software to compute the rel-
ative area of intercellular spaces as a percentage of the
total area in endothelial cells.

Western blotting. The Ea.hy926 endothelial cells
were grown and incubated as described above. After incu-
bation, the cells were lysed in a hot buffer (62.5 mM Tris-
HCI, pH 6.8, 2% SDS, 10% glycerol, 50 mM DTT, 0.01%
bromophenol blue) at 94°C for 4 min. The proteins were
separated by a 12% polyacrylamide gel electrophoresis and
transferred to PVDF membranes. Antibodies against VE-
cadherin and claudin (BD Biosciences, USA), as well as
secondary antibodies conjugated with horseradish peroxi-
dase (BD Biosciences, USA) were used. The visualization
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kpacuresiem Hoechst 33342 (Life Technologies, USA).
O6paboTky n300paskeHnil, MOJTyYeHHbIX Ha (ayopec-
IIEHTHOM MHKPOCKOIIE, a TakKe MX KOJMYeCTBEHHBII
aHaJIN3 TTPOBO/INJIN € TIOMOTITbIO TTporpamM Image] 1.44p
n MetaVue 4.6 ¢ onpenesenieM OTHOCUTENTBHOMN TJIO-
I/ MESKKIIETOUHBIX TIPOMEKYTKOB B % OT 0011eii 110-
M/ B 9HIOTEINAIBHBIX KIETKAX.

BectepH-0a0TTHHL.  DHOTENNATbHBIE KJIETKU
Ea.hy926 pactuim 1 nHKyOHPOBaJIN TaK jKe, KaK OIICAHO
Boitie. [Tocsie MHKYOAIMN KIETKU JTU3HPOBATIN B TOPSTIEM
Gydepe (62,5 mM Tpuc-HCI, pH 6,8; 2% SDS; 10% rau-
nepu; 50 mM ITT, 0,01% GpombeH0g0BOro cuHero)
mpu temmeparype 94°C, B Teuenne 4 muH. benku pasze-
JH B 12% MOMMaKpIIaMUHOM Tesie ¥ TIEPEHOCHIIN Ha
PVDF-mem6panbl. Boiin MCMoMb30BaHbl aHTHTENA K
VE-xagrepuny n knaynnnay (BD Biosciences, USA), a
TakKe BTOPUYHbBIE aHTUTeJIA, KOHBIOTHPOBAHHBIE C TIe-
poxcumazoii xpera (BD Biosciences, USA). Busyanmusa-
muio nposoauan Habopom SuperSignal West Pico
(Thermo Scientific, USA). [Ijist JeHCUTOMETPUYECKOTO
aHAJIN3a U OIPEeZIeJIeHNsT OTHOCHUTEIBHOTO COJIePKAHNUS
VE-kaarepuna (%) B MEKKJIETOYHBIX KOHTAKTaX 9H0Te-
JIMATBHBIX KJIETOK UCIOJIb30BaN porpammy Image Lab
(BioRad, USA).

H3yuenne BIMSHUS CBIBOPOTOK NAIHEHTOB C Cell-
THYECKHM IIOKOM Ha allONTO3 SHIOTEIHATBHBIX KIETOK.

Actin VE-cadherin Nucleus

Control

Septic

Septic +
Dalargin (1 mcg/ml)

Septic +
Dalargin (10 mecg/ml)

Septic +
Dalargin (50 mcg/ml)

Septic +
Dalargin (100 mcg/ml)

Iuporenraibhble kieTkn Ea.hy926 pactuau 10 MoHo-

cJ10s1. 3aTeM KJIeTKU HHKyOUpoBai B Tederue 12 gacos
npu 37°C ¢ 5%-Hoil TesisTabeil 9MOPUOHATBHON CBIBOPOT-
KOI (KOHTPOJIB), C CBIBOPOTKOM 37I0POBOTO YeIOBeKa, a
TaKKe ¢ CBIBOPOTKOIT marmenTa ¢ cencricom 6e3 lamap-
TMHA U B €T0 TIPUCYTCTBUM B KoHTeHTparnusx 1, 10, 50 u
100 mkr/mir. [Tocsie nHKyOaIy KJI€TKU CHUMAJIH PACTBO-
pom tpuriciH-Bepcena, dukcuposamm 70%-HbIM 9TaHO-
JIOM ¥ OKpalluBaan HOAMCTBIM TpornuaneM. Kierkw,
comep:kamue dparmeHTupoBanuyio remomuyio JHK
AHAJIMBUPOBAJIH C TIOMOIIBIO MTPOTOYHOI IUTO(IyOpH-
MeTpHH, KakK OTIcano panee [12].

Crarucruyeckuii ananus. /lanmbie peicTaBuIn B
BU/Ie Me/INAHBI C MEXKKBAPTUIBHBIM HHTepBasIoM. CTaTh-

Puc. 1. ImmyHodIyopeciieHTHash MUKPOCKONHS 9HIOTEIHATBHBIX
kaerok Ea.hy926.

Fig. 1. Immunofluorescence microscopy of endothelial cells
Ea.hy926.

Note. Cells were incubated with different concentrations (ug/ml ) of
Dalargin and treated with 5% serum from the septic patient L. (27 years
old, severe sepsis). Cells were stained with antibodies against actin mi-
crofilaments (Actin) or intercellular contact molecule (VE-cadherin);
nuclei were stained with DAPI.

IIpumevanue. KieTku MHKyOMPOBAIU C PA3JMYHBIMU KOHI[EHTPA-
v Jlasmaprusa (yKasansl B MKT/MJ1) 1 06paboTain 5%-Hoil CbiBO-
POTKOI cerntryeckoro 6oabHOTO JI. (27 Jiet, Tsaxerblii cericuc). Actin —
OKpacka KJIeTOK Ha akTuHoBble Mukpoduiamentss; VE-cadherin —
OKpacka Ha 6eT0K MEKKIETOUHBIX KOHTakToB V E-kanrepu; Nucleus —

CTHYECKYIO 3HAYMMOCTD PA3JIMYHil TIOKa3areseil OleHu-
Bamu ¢ nomonpbio U-tecta Manna-Yurtnu. Pasimuuns
cunTaa 3HaauMbIMu ipu p<0,05.

Pe3yibrarsl 1 00CyKA€eHHE

Wuky6anus MOHOCJIOS SHAOTETUATBHBIX KIETOK
CBIBOPOTKOI TTAIIMEHTOB € CENITUYECKUM TIIOKOM ITPU-
BOJIMJIA K TIOTEPe OeJTKa a/Ire3MOHHBIX KOHTaKTOB VE-
kajrepuna. Centuyeckast CbIBOPOTKA TaKKe U3MEHSIA
(opmy KJIeTOK: OHU Tepsau TPaBUIbHYIO MHOTO-
YTOJIbHYT0 (hOPMY, BHITATHBAINCE, MEKITY HUMU 06pa-
30BBIBAJIUCH TIPOMEIKY TKH, TIOCKOJIBLKY «PasOUpPaIich>
ellie ¥ My4Ku nepudepndeckux ak THHOBLIX MUKPOdM-
samenToB (puc. 1).

Takue naMeHeHU XapaKTEPHBI /IS 9HAO0TEH-
aJbHON AUChYHKIIUU, COITPOBOXKIAIONIEHCS HAapyIIe-
HUEM MEKKJIETOUHBIX KOHTAKTOB. [10/106HbIe adhhex-
Tel He HabMoAa M Npu MHKyGanmum ¢ 5%-Hoii
Tessgubeii SMOPHOHAIBHON CHIBOPOTKON (KOHTPOJIb)
Wi 5%-HOil CBIBOPOTKON 3/10POBBIX 10OPOBOJIBIIEB.
Takum 00pa3oM, JAHHDIN KCIIEPUMEHT MOKET pac-
CMATPUBATLCA KaK MOJEJb HOTEJUAIBHON JIHC-
(ysakMM 11pu cercuce in vitro.

OKpacKa A/1ep KJIETOK.

was performed by SuperSignal West Pico (Thermo Scien-
tific, USA). Image Lab software was used (BioRad, USA)
for the densitometry analysis and determining the relative
content of VE-cadherin (%) in the intercellular contacts of
endothelial cells.

Study of the effect of sera of patients with septic
shock on endothelial cell apoptosis. Ea.hy926 endothelial
cells were grown to form a monolayer. The cells were then
incubated for 12 hours at 37°C with 5% FBS (reference
group), with control human serum, and with the serum of a
septic patient without Dalargin and with Dalargin at con-
centrations of 1, 10, 50 and 100 pg/ml. After incubation, the
cells were removed using trypsin-EDTA solution, fixed with
70% ethanol and stained with propidium iodide. Cells con-
taining fragmented genomic DNA were analyzed by flow cy-
tometry as described previously [12].

Statistical analysis. Since the distributions of vari-
ables differed from a normal distribution, the non-paramet-
ric criteria were employed to reveal the difference between
groups. The data are presented as a median and 25%—75%
interquartile intervals. The statistical significance was esti-
mated using Mann-Whitney test. The difference was con-
sidered statistically significant at P<0.05
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Puc. 2. Biausinue [lanrapruna Ha NOBPEsKAEHHE MOHOCJIOS 9HOTENHATBHBIX KJIETOK MO IeiiCTBUEM 3 %-X CHIBOPOTOK ITAMEHTOB C Cell-
CHCOM.

Fig. 2. Effect of Dalargin on a serum-induced damage to the monolayer of endothelial cells.

Note. a — formation of intercellular spaces, immunofluorescence microscopy; b — splitting of the VE-cadherin-mediated adhesion contacts,
immunoblot-analysis; ¢ — cleavage of the dense contact protein Claudine, immunoblot analysis; d — relative level of apoptosis, propidium
iodide staining. The results are presented as the mean (%) * standard deviation, n=5; * — P<0.05 compared to effect of serum of patients
with sepsis. C — control serum (FBS); HV — healthy volunteer serum; S — serum of a septic patient.

IIpumeyanue. a — 06pa3oBaHUE MEKKIETOUHBIX IPOMEKYTKOB, TAHHBIE UMMYHO(DIYOPECIIEHTHOW MUKPOCKOIIUY; b — PacIlenieHne Oenka
a/[re3UBHBIX KOHTaKTOB V E-KajireprHa, TaHHble UMMYHOOGJIOT-AHAIIN3]; ¢ — PACIIeNIeHne Geska TJIOTHBIX KOHTAKTOB KJIAy/INHA, TaHHbIE
MMMYHOOIOT-aHaMM3a; d — OTHOCUTETHBIN YPOBEHD aroNTo3a, JaHHbIE TI0 OKPACKe HOAMCTBIM MPOTHANEM. Pe3y IbraThl Ipe/ICTaBIeHbI B
BHJIE Cpe/iHero 3HaueHust (%) + cTaHgapTHOE OTKIOHeHUe, n=>5; * — p<0,05 OTHOCHTEILHO CBIBOPOTKH ITAIUEHTOB ¢ cericucoM; C — KOHT-

poaibrast ceiBoporka FBS; HV — cbiBopoTka 310poBOro 106poBoJibia; S — cbiBOpoTKa cenrudeckoro 6oabtioro; GAFD — TAD/I.

[171 M3ydeHust BO3MOKHOTO aHTHOTIPOTEKTOPHO-
ro addekra /lasapruia B paMKax TpeJIOKEeHHON
MOJIeJIU MCITOJIb30BAJIN CJIEMYIONIIe KOHIIEHTPAINH
aktusHoro Bertectsa: 1, 10, 50 u 100 Mxr/mor.

[To panabIM UMMYHO(ITYOPECIIEHTON MIKPOCKO-
i, nHKyOarwst ¢ /laapruHoM B HU3KUX KOHIIEHTPa-
s (1 u 10 MKT/MJT) HE3HAYUTEJIBHO TIPEIOTBPAIIAeT
«paszbopky» akTuHa 1 VE-Ka/repiuna B MEKKIECTOUHBIX
KonTaktax. [Ipexunkybanus ¢ laraprunom B 6osee
BBICOKMX KoHIeHTparmsix (50 1 100 MKr/Mir) ipakTi-
YeCKU MOJTHOCTHIO 3AIHIIAIA SHAOTETNATBHBII MOHO-
CJIO¥T OT Pa3pPyILIeHUsT MEKKJIETOUHBIX KOHTAKTOB O]
NeliCTBUEM CBIBOPOTKU TAIMEHTOB C CENTHYECKUM
mokoM (puc. 2, a). YncneHHbIit aHau3 TaHHBIX (aryo-
PECIIEHTHOI MUKPOCKOITHH TIPE/ICTABJIEH B TaOJIHIIE.

JList KOJTMYeCTBEHHOT OTIEHKM cofiepsKanus Ge-
KOB MEKKJIETOUHBIX KOHTaKTOB (kiayanna u VE-kaz-
repuHa) ucIosib3oBaau Becrepu-6aorTunr. Mikyda-
Ust ¢ 5%-HOW CBIBOPOTKOI MAITMEHTA C CEIICUCOM
IPUMEPHO BITOJIOBUHY yMeHbIana Koirndectso VE-
KaJirepuHa B KJI€TOYHbIX iusaTax (puc. 2, b). ukyba-
st ¢ JlamapruioM /10303aBUCUMO 3alUINAIA 9TOT
GEeIOK OT PaCIIENIEHNsT IO/ ICHCTBUEM CEITTHYECKOi
CBIBOPOTKH (pUC. 2, C).

Wuky6anmst ¢ 5%-HbIMU CBIBOPOTKAMMU TIATIUEH-
TOB C CENTHYECKUM IITOKOM ITPUBONJIA K 3HAUUTEIb-

Results and Discussion

Incubation of a monolayer of endothelial cells
with serum of septic shock patients resulted in the loss
of an adherens junction protein, VE-cadherin. The
septic serum also changed the shape of the cells: they
lost the correct polygonal shape, stretched out, formed
gaps between them whereas peripheral actin microfil-
ament bundles were also disassembled (Fig. 1).

These changes are typical for endothelial dys-
function accompanied by destruction of intercellular
junctions. These effects were not observed when the
cells were pre-incubated with 5% FBS (reference
group) or 5% serum of healthy volunteers. Thus, this
experimental system can be considered as an in vitro
model of endothelial dysfunction in sepsis.

To study the possible angioprotective effect of
Dalargin within the framework of the proposed model,
we used the following concentrations of the active sub-
stance: 1 ug/ml, 10 ug/ml, 50 ug/ml and 100 pg/ml.

A quantitative analysis of the immunofluores-
cence microscopy data is presented in Table. As shown
in Table, incubation with Dalargin at low concentra-
tions (1 pg/ml and 10 pg/ml) insignificantly pre-
vented the disassembly of actin and VE-cadherin
within the area of intercellular junctions. Pre-incuba-
tion with Dalargin at higher concentrations (50 pug/ml

www.reanimatology.com
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HpOTeKTI/IBHOC l[eﬁCTBHe I[aJlapmHa nmpu BOBZ[eﬁCTBHH CBIBOPOTKH NMAIMEHTOB C CENNITUYECKHUM IIIOKOM Ha KYJIbTYPY 9H-

noreaust Ea.hy926.

Protective effect of Dalargin on endothelial cells Ea.hy926 treated with serum of septic shock patients.

Group Area of intercellular P value Content P value Apoptosis level P value
gaps in endothelium. vs. «Sept> of VE-cadherin. vs. «Sept> (% of a total count vs. «Sept»
(% to total area) group % group of endothelial cells)  group

Reference group 4.11[3.52—4.40] 100 [99.1—100] 5.29

Control 4.3[3.82—4.78] 97.1[95.88—100] 4.48

Sept. 17.03 [14.83 19.11] 49 [42.2561.25] 12.96

Sept + Dalargin 1 pg/ml _ 11.72 [11.03—13.45] __ 0.016 61 [54.7873.03] _ 0.15 10.42 0.0952

Sept + Dalargin 10 ug/ml  10.27 [9.02—11.60] 0.008 77[70.98—85.78]  0.008 8.66 0.0079

Sept + Dalargin 50 pg/ml_ 6.59 [5.967.80] 0.008  90.2[80.0594.23] 0.008 713 0.0079

Sept+Dalargin 100 pg/ ml _ 6.17 [5.27—7.16] 0.008  96[86.33-97.23]  0.008 6.35 0.0079

Note. For tabl., fig. 1: Control — sera from healthy volunteers donated blood; Sept — serum of septic shock patients.
IIpumeuanue. Group — rpynia; Reference — xourposb. st tabir. 1, puc. 1: Control — cbIBOpoTKa 3/10pOBBIX BOJOHTEPOB; Sept. —
CBIBOPOTKA MAIMEHTOB ¢ cenTuyeckuM mokoM; Dalargin — Janaprun. [lis tabu. u puc. 2: Area of intercellular gaps in endothelium,
(% to total area) — mIomamb MEKKIECTOUHBIX MPOMEKYTKOB dHAOTE N, % 0T 0o0uieii miaomaan; Content of VE-cadherin —
conepskanue VE-kaarepuna; — KOJIMYECTBO ANIONTOTUYECKUX KJIETOK, % OT 001IEro KOJInYecTBa 9HA0TeInaabHbIX KieTok. P value
vs. «Sept» group — 3HAYUMOCTD PA3HUIILI 110 OTHONIEHHIO K TpyIie «Cent».

HOMY YBEJNYEHUIO KOJTMYECTBA AlIONTOTHYECKUX KJle-
Tok (puc. 2, d). lanaprud B KoHIeHTpanun 1 MKr/mi
HE3HAYUTEJLHO YMEHbBINAT KOJIUYECTBO alloNTOTUYe-
CKMX KJIEeTOK, a mpu Koumentpamusax 10, 50 u 100
MKT/MJT HaBJII0JIaJTN 3HAYMMOE CHUKEHHUE KOJTMIECTRA
aTOITOTUYECUX KJIETOK (TabiL.).

Kierku muaun Ea.hy 926 o61azaior 0CHOBHBI-
MU PEHOTUITMYECKUMHU U (DYHKITMOHAJIbHBIMY XapaK-
TEPUCTUKAMU DHOTEJMATbHLIX KJIETOK COCYIOB
yesioBeka [13], moaToMy oHuM ObLIM BEIOpaHbI HAMU B
KayecTBe MOJIEJIN /I NCCIIe/IOBAHUS 9H/IOTEINANb-
HOU TUChYHKITUN.

Patee GbIJIO YCTAHOBJIEHO, UTO PA3JIMYHBIE MTPO-
BOCIAJIUTEJIbHBIE TUTOKWHBL, Hanpumep, TNF-a
(Tumour Necrosis Factor &) BRI3BIBAIOT paciieryieHue
VE-kaarepuna — sHIOTEINATIBHOIO OeIKa aare3moH-
HBIX KOHTAKTOB [ 14 ]. Takxke, npu geiicTBIM MOJOOHBIX
[IPOBOCIIAJIUTENBHBIX areHTOB, ITPOUCXOUT JIerpajia-
1¥1s1 OEJIKOB TIJIOTHBIX KOHTAKTOB, B TOM YHCJIE, KJIAy-
JIHA. JHJOTeTNATbHbBIE MEKKJIeTOUYHbIe KOHTAKTBI
BBINIOJIHAIOT BaKHEUNIYIO pOJIb B TOAJIEPKAHUU
1EJIOCTHOCTH cocy/10B. [loBbIenne mpouuiiaeMocTu
JHJIOTEUS TOJ| JICHCTBUEM IPOBOCIATUTETHHBIX
nutokuaoB (TNF-a, unrepneitkunsi-1, -8, -12.) npo-
MCXOJIUT 3a cueT peakiuil ¢GochopuanpoBanuss u
YOMKBUTHHUPOBAHUA OCHOBHBIX OEJTKOBBIX KOMIIOHEH-
TOB a/ITe3UBHBIX MEKKJIETOYHBIX KOHTaKTOB (V E-kaz-
repuHa, OKKJIyInHa, Kiaayanaa) [15].

[TpoTeosns3 aTUX BasKHEHIINX OEJTKOB MEKKJIe-
TOYHBIX KOHTAKTOB BbI3bIBAET 0OpasoBaHUE MPOMe-
JKYTKOB MEKIIY KJI€TKaMU, YTO MIPUBOJIUT K yBeEJUe-
HUIO TIPOHUIAEMOCTH W HapylIeHUto OapbepHO
(ynxmn angorenus. B kpaitHuX crydasx MOKeT pas-
BUTHCS DHAOTETMATbHAS AUCHYHKITUS, KOTOpas B
HACTOSIIIee BPEMSI CUYMTAETCS OJHUM M3 OCHOBHBIX
(bakTOPOB Pa3BUTHS MTOJTMOPTAHHON HEOCTATOYHOCTH
TIPU ceTicrce U cenTuieckom Tmoke [16].

Takke B paMKaX BbIOPaHHOH MOJEIN M3ydaju
BJIUSTHUE CBIBOPOTOK MAIIUEHTOB € CENTUIECKUM TITOKOM

and 100 pg/ml) almost completely protected the en-
dothelial monolayer from the destruction of intercel-
lular junctions induced by sera from patients with
sepsis (Fig. 2, a).

Western blotting was used to quantify the pro-
tein content of intercellular junctions proteins,
claudin and VE-cadherin. Incubation with a 5% serum
of a septic patient resulted in a 50% reduction of VE-
cadherin content in the cell lysates (Fig. 2, b). Incu-
bation with Dalargin protected this protein from
disintegration under the effect of the septic serum in
a dose-dependent manner (Fig. 2, ¢).

Incubation with 5% serum of a septic shock pa-
tient resulted in a significant increase in the number
of apoptotic cells (Fig. 2, d). Dalargin at a concen-
tration of 1 pg/ml slightly reduced the number of
apoptotic cells. Statistically significant decrease in
the number of apoptotic cells was observed at
Dalargin concentrations of 10 pg/ml, 50 pg/ml and
100 pg/ml (Table).

Cells of the Ea.hy926 line possess main phenotypic
and functional features of human endothelial vascular
cells [13], therefore they were chosen as an endothelium
model to study endothelial dysfunction in sepsis.

It was established earlier that various pro-in-
flammatory cytokines, e.g. TNF-¢ (Tumour Necro-
sis Factor «), induce the disintegration of the
VE-cadherin, the protein of vascular endothelial ad-
herens junction [14]. Besides, the action of such
pro-inflammatory agents caused the degradation of
proteins of tight junctions including claudine. En-
dothelial intercellular junctions significantly con-
tribute to maintaining the vascular integrity.
Enchanced permeability of the endothelium caused
by pro-inflammatory cytokines (TNF-«, Inter-
leukins-1, -8, -12) is due to increased phosphoryla-
tion and ubiquitination of the essential protein
components of intercellular adherens junctions
(VE-cadherin, occludin, claudin) [15].
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Ha aloNTo3 dHA0TEINAIbHBIX KIeToK. M3BecTHO, 4TO B
HOPME 7 viv0 SHJI0TEJINI IPAKTUYECKHU He T10/[BEpraeT-
cs arontody. OHAKO ecTb JaHHble, YTO IIPU Cericuce
YBEJIMYMBAETCS KOJUYECTBO allONTOTUYECKUX IH/I0Te-
JIMAJbHBIX KJIeToK [17]. B Mozessx in vitro Mmuorue npo-
BOCIIAJINTEIbHbIE areHThl, Takue, kak LPS (Lipopolysac-
charide), TNF-a¢, IL-1, yBeaumuuBaioT amomTo3
Pa3TNYHBIX JIMHNHT 9HAOTEINANBHBIX KiIeTok |18, 19].

Panee cumranu, 4TO OMMOWUIHBIE PEIETTOPBI
HaXO/IATCS UCKIIOUNTELHO B HEPBHOM TKaHW, U TOJb-
KO COBCEM HEaBHO OHU OBLTN OOHAPYIKEHBI U B [IPY-
TUX TKaHSX, B TOM YHUCJ€ Ha TIOBEPXHOCTHU SHIOTETH-
aTbHBIX Ki1eTok [20, 21]. Bpuio mokazano, uTo MophuH
NEUCTBYET HA U-OMUOUIHBIE PEIENTOPH SHAOTETH-
AJTPHBIX KJIETOK, UTO MMPUBOJIUAT K aKTUBAIINY CHHTE32
NO n Bazoannmararuu [22]. /lamaprite aBiseTcs Hece-
JIEKTUBHBIM arOHUCTOM - U O-OTTMOUTHBIX PEIETTO-
POB, IIpUYEM, ITPEUMYIIECTBEHHO TIepuhepruyecKoro
neiicteus [23]. B macrosuieii pabGore yaanoch noka-
3ath, uTo Jlasaprut crocobeH MpeoTBpaIiaTh aroll-
TO3, a TaKXKe Jlerpajialiuio akTuHa u V E-kajrepuna B
MEKKJIETOUHBIX KOHTAKTaX 9H/IOTEJIUOIUTOB JUHUU
Ea.hy 926, Boi3BanHy0 ieiicTBHEM CHIBOPOTOK CEIITHU-
4ecKuX OOJIbHBIX. DTU JAaHHBIE MOJHOCTHIO COTJIa-
CYIOTCS C paHee MOJyYeHHbIMU Pe3yJbTaTaMu O TIPo-
TEKTUBHOM AHTHUANIONTOTUYECKOM JeficTBun
Jlanapruia Ha aHIOTeUAIbHbIE KJIeTKH, 00paboTaH-
HbIE AaHTUAH/[OTETHAILHBIMU AHTUTEJAMU U CEHCUOU-
Jm3upoBaHHbIMU JUMborTamu [24]. KocBenno mep-
CHEKTUBHOCTH MCIIOIb30BaHus Jlanapriuna ¢ 1mesibio
MPefOTBPAIEHUST  IH/IOTENNAIBLHON  TUCHYHKINN
HoATBepKIaeT HegaBHss pabora A. [loniosa [25], B
KOTOPO# OBIJIO TIOKA3aHO, YTO BKJIIOYEHNE B TEPATTHIO
Janmapruna y 60JIbHBIX NIIEMITYECKON GOIE3HBIO CEPA-
I[a COINPOBOXK/IAJIOCH JJOCTOBEPHBIM CHMKEHHEM
AKTUBHOCTH I1apaMeTPOB OKCUATUBHOTO cTpecca u
MOBBINIIEHUEM AHTUOKCUIAHTHBIX CBOHCTB KPOBHU.
Boamoskno /lamaprud Tak:xke UHAYIUPYET 3alUTHBIE
AHTUOKCHUIAHTHBIC MEXaHU3MbI B 9H/IOTEJIUH ITPU Pa3-
JINYHBIX MATOJIOTMYECKUX COCTOSTHUAX. VI3BecTHO, uTO
AHTUOKCUIAHTHI CIIOCOOHBI MTPEJOTBPAIIATD ATIOTITO3
IH/IOTEJINAJIbHBIX KJIETOK [26] 1 IperisiTcTBOBAThH pas-
BUTHUIO 9H/IOTETUATBHON TUChHYHKITNN.

Ha cerogasamnianii eHb MeXaHU3MBbl JIeNCTBUSA
[lanapruna Ha 2HAOTENMATIbHBIE KJIETKU OCTAIOTCS
HensyuyeHHbIMU. B 3Toli cBsI3M, HaM 1peJicTaBseTcs
BaKHBIM [TPOJIOJIKUTH UCCJAEI0BAHUS MOJICKY IS PHBIX
MEXaHU3MOB €ro 3allUTHBIX CBOMCTB Ha dHIOTEJINM.
N3yueHne OGHOJOTHYECKHUX TIPOIECCOB, CBSI3aHHDBIX C
JefCTBUEM OTAENbHbBIX BELIECTB Ha 9HAOTEINiT Tpedy-
€T UCITI0JIb30BAHUS METOJIOB U in vitro, u in vivo. [lomy-
YyeHHbIe B HacTOsIIel paboTe JaHHbie TPeOYIOT TaKKe
MTPOBEPKU B MOJIEJISIX C UCTTOJB30BAHUEM KMBOTHDIX.
[Ipu aTOM He UCKJIIOUEHO, YTO KOHIIeHTpalun [lanap-
TMHA, WCIOJb3yeMble B HACTOSIIIEH pabOThI, MOTYT
3HAYNTEIBHO OTJINYATHCA OT JACHCTBYIONUX KOHIIEHT-
pauuii in vivo.

Orpannyenus ucciaegoBanusa. OTHOCUTEITHHO
HeGOoIbIIIoe  KOJIMYECTBO 00Pa3IioB  ChIBOPOTOK,

The proteolysis of these critical proteins of the
cellular junctions leads to the intercellular gaps for-
mation, leading to increased permeability and im-
paired barrier function of the endothelium. In
extreme cases an endothelial dysfunction may de-
velop, which is currently considered one of the main
factors in the development of multiple organ failure
in sepsis including septic shock [16].

In addition, within the frames of our model, we
studied the effect of serum samples of patients with
septic shock on apoptosis of endothelial cells. It is
known that in vivo normal endothelium does not
undergo apoptosis. However, there is evidence that
sepsis increases the quantity of apoptotic endothe-
lial cells [17]. In in vitro many proinflammatory
agents such as LPS (bacterial lipopolysaccharide),
TNF-a, IL-1 enhance apoptosis in various lines of
endothelial cells [18, 19].

Earlier, opioid receptors were considered as
those as found exclusively in nervous tissue. Only
recently they were discovered in other tissues, in-
cluding the endothelial cells in which the opioid re-
ceptors are exposed on the cell surface [20, 21]. Tt
has been proven that morphine affects p-opioid re-
ceptors of endothelial cells that leads to activation
of NO synthesis and vasodilation [22]. Dalargin is a
non-selective agonist of u- and d-opioid receptors,
with a mainly peripheral action [23]. In the present
study, we were able to show that Dalargin could pre-
vent apoptosis and degradation of actin and VE-cad-
herin in intercellular junctions of line Ea.hy 926
endothelial cell induced by the serum of septic pa-
tients. These data are fully consistent with previ-
ously obtained findings demonstrating the
protective antiapoptotic action of Dalargin on en-
dothelial cells treated with anti-endothelial antibod-
ies and sensitized lymphocytes [24]. Indirectly, the
perspectives for the use of Dalargin to prevent en-
dothelial dysfunction have been supported by a re-
cent study by A. Dontsov [25], in which the
inclusion of Dalargin in the treatment of patients
with coronary artery disease has been accompanied
by a significant decrease in the activity of oxidative
stress parameters and increase of antioxidant blood
properties. Dalargin may also induce the endothelial
protective antioxidant mechanisms in various patho-
logical conditions. It is known that antioxidants can
prevent apoptosis in endothelial cells [26] and pre-
vent the development of endothelial dysfunction.

The mechanisms of action of Dalargin on en-
dothelial cells have not been studied to date. In this
context, it seems important to continue the study
of the molecular mechanisms of its protective prop-
erties on the endothelium. It is important to note
that the study of the biological processes associated
with the effect of certain substances on the endothe-
lium requires the use of in vitro methods. Therefore,
the data obtained in the present study also require
the validation in animal models. We can also assume
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HCII0Jb30BaHHBIX B paboTe, He MO3BOJISIET CAEJaTh
BBIBOJI O TOM, YTO BC€ MAIUEHTHI C CETICUCOM IO/IBEP-
JKeHBl 9HIOTeMaNbHoil muchyHkiun. B pabore
OTCYTCTBYIOT JJaHHBIE O COJEPKAHUU IUTOKUHOB B
CBIBOPOTOKAX MAIMEHTOB C CEMTUYECKUM TIIOKOM.

3akiaoyeHue

[Tpekonaunnonupoanue /lajaprunom 1030-
3aBUCHUMO YaCTUYHO [IPEAOTBPAILAET ruOeb dHA0Te-
JIMOTIMTOB, BBI3BAHHYIO BO3/EMCTBMEM CBIBOPOTKH
CENTUYECKUX OOJBHBIX, in 0itr0 Ha KIETKU dH0Te-
aust denoBeka. JlamapruH TakiKe /10303aBHCHMO
MpefoTBpaIaeT Aerpajanuio aktiuaa n VE-kaarepu-
Ha B MEKKJIETOYHBIX KOHTAKTaX 9HAOTEINAIbHBIX
kieTok auaun Ea.hy 926 mon neficTtBreM ChIBOPOTKU
MAIMEHTOB € CENTUYECKUM IIOKOM, YTO CBU/ETE/Ib-
CTBYeT O MPOTEKTOPHOM 3(ddeKTe mpernapara Ha
HIIOTEJINI, HO He BBISIBISIET, TOCPEICTBOM KaKOTO
MexXaHW3Ma OH ocylecTBJsieTcs. Takoe 3amuTHOe
neiicTBre MoskeT obecrieunBaTh coxpaHenue QyHK-
[UOHAJBHOTO COCYAMCTOTO Oapbepa IIpU OIIACHBIX
LIS SKU3HU KPUTUYECKUX cocTostHusx. [lonxrBep:xe-
HUe BBINEN3T0KEHHOTO B MOJIENISIX in 0iv0 W pac-
KPBITHE MOJIEKYJISIPHBIX MEXaHU3MOB 3TN THI 9H/I0-
TeJNNs, MO3BOJUT WHUIIMUPOBATH KJIMHUYECKOE
uctbitanue [lamapruna (IV ¢dasa) nnsa gokazaresb-
CTBa €r0 OPraHOMPOTEKTOPHBIX CBOMCTB.
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that the concentration of Dalargin used in this
study may significantly differ from the actual in vivo
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Study limitations. Limited number of serum
samples used in the study restricts the probability
that all septic patients are exposed to endothelial dys-
function. There was also no cytokine concentration
determined of the septic shock patients’ serum in ac-
cordance with the cytokines content.

Conclusion

The preconditioning with Dalargin partially
prevented the destruction of endothelial cells
caused by exposure of the septic patients serum in
vitro in a dose-dependent manner. Dalargin also
prevented the degradation of actin and VE-cad-
herin in intercellular junction of endothelial cells
of Ea.hy 926 line in a dose-dependent manner
caused by sera from septic shock patients. Data
suggest that the protective activity of Dalargin can
preserve the functional vascular barrier in life-
threatening critical conditions and ensure the val-
idation in vivo studies. Continuation of studies and
clarification of molecular mechanisms of endothe-
lial protection by Dalargin might ensure the clini-
cal trial of Dalargin (phase IV) to confirm the
organ protection by the drug.
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Jluccepranym Ha COUCKAHKE YYEHOI CTENeHH JOKTOPa HayK 6€3 OIyOJMKOBaHHSA OCHOBHBIX HAYYHBIX PE3Y.Jib-
TaTOB B BeyIUX >KypHaJaX U H3/IaHUSX, IlepeYeHb KOTOPBIX YTBEP K/ eH Bricuieii aTTecTalinoHHOI KOMUCCHEIH,
Oy/yT OTKJIOHEHBI B CBsi3H ¢ HapyienueM 1. 10 IToJ10:keHnst 0 NOpsAKe MPUCYKIECHHS YYEHBIX CTEeHei.

[Tepeuens xxypuanoB BAK, nuznaBaembix B Poccuiickoit @enepanun 1o crenranbroctu 14.01.20 «Anecresno-
JIOTUSI U PEaHUMATOJIOTHsI», B KOTOPBIX PEKOMEHAYeTCsl IyOJIMKALUsl OCHOBHBIX PE3YJIbTaTOB [CCepTaliii Ha
COMCKaHUE YYCHOU CTeNeH! JIOKTOPpA U KaH/IuaTa MEIUIIMHCKUX HAYK:

*  Anecmesuonozus u peanumamonozus;
o Obwas peanumamonozus.
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