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Iesxs padorer — orerka ahhekTuBHOCTU 1 GE30MACHOCTU HOBOTO MYJIBTHMOZAILHOTO reMOCOPOEHTA JIJIS 9KC-
TPAKOPIOPATBHOTO OUUIIIEH ST KDOBU i72 VilT0 U eX vivo.

Marepuaibt u MeTobl. VI3yuniiu copOIroHHbie CBOMCTBA U 6e301acHOCTD nepdy3un Ha COPOIIMOHHOI KOJIOHKE
€ MYJIBTUMO/IQJIbHBIM FeMOCOPOEHTOM HA OCHOBE CBEPXCIIUTOrO CTUPOJI-IUBUHUOEH30IbHOTO COMOJIUMEPA B TPEX
Pa3IUYHBIX MOJIEJISIX:

1) pacrBop suzporokcuna Escherichia coli 8 Bogrom 0,9% NaCl ¢ orieHkoit adbekTHBHOCTH COPOIMT 9HIOTOKCHHA,

2) IOHOPCKast 3pUTPOIIMTHASI B3BECH C OIIEHKOIT Oe301acHOCTH reMoriepdy3ui st KJIETOK KPOB;

3) uenbHast JOHOPCKast KPOBb € OIeHKOI addekTuBHOCTH reMocopOiuu 1 6e30macHocTu remoriepdysun.

Pesyaprarter. Habmoianm cHuskeHre KOHIIEHTPAIIMT SHIOTOKCHHA B pacTBope HaTpust xopua 0,9% 3a 2 yaca
nepdysuu — B 18,5 pas 110 cpaBHEHMIO ¢ HCXOIHBIM 3HAYEHUEM, C COXPAHEHHEM OCTATOYHOI COPOIMOHHOI eMKOCTH
kosioHky. [Ipu nepdysun yepes uccienyembiii rTeMOCOPOEHT IPUTPOILIUTHOI B3BECH U CBEKENPUTOTOBJIEHHON J[0-
HOPCKOIT KPOBH He BLIABUJIN POCTA IIUTOJIUTUUECKIX MAPKEPOB, HATIPOTHUB, OTMETUIIN IBYKPATHOE CHIKEHME KOH-
[EHTPAIUI UCXOJIHO TIPUCYTCTBOBABIIETO B 9PUTPOLUTHOI B3BECH CBOOOIHOTO reMorsiobuta. [lomyunnu nBykpartoe
CHUIKeHUe KOoHIleHTpalmu Butamuna B12, B 3,54 pasa —,-Mukporio0ysinna, B 2,5 pasa — kpeatutuHa. [1pu aromuo-
CUJIOBOI MUKPOCKONUY He 0OHAPY/KUJIN KPUTUUECKUX HAPYIIEHHH MOP(OJOrUI 9PUTPOIUTAPHBIX MEMOPaH.

3akmouenue. B ucnbIraHusx in vitro 1 ex vivo osyYeHbl yOoeuTeIbHble JaHHbIE, IeMOHCTpUpYyolie sdex-
TUBHOCTb M 6E3011aCHOCTh HOBOTO ycrpoiicTBa st JITIC-ceseKTHBHOI TeMOoCcopOIInY, He YCTyNAIIe UCII0Ab3ye-
MBIM B KJIMHUYECKOI TIPAKTUKE aHAJIOTaM.

Kmouesvie cnosa: copouyus iunonosucaxapuod; noauMepHvlil MyabmumMoO0aivHblil 2eMOCOPOEHI; SHOOMOKCUHEMUS.

The purpose of the study is to evaluate the in vitro and ex vivo effectiveness and safety of a new device for ex-
tracorporeal blood purification.

Materials and methods. The sorption properties and safety of hemoperfusion using the LPS sorption column
that employs hypercrosslinked styrene-divinylbenzene copolymer.

were studied using three different models:

1) Escherichia coli endotoxin solution in aqueous 0.9% NaCl solution with an assessment of the efficacy of endo-
toxin elimination,

2) donor erythrocyte suspension with assessment of the hemoperfusion column safety for blood cells,

3) whole donor blood with assessment of hemosorption efficacy and hemoperfusion safety of the new column.

Results. There was a 18.5-fold decrease in the endotoxin concentration in 0.9% sodium chloride solution over
2 hours of perfusion vs. the baseline, while maintaining the residual sorption capacity of the column. Perfusion of
RBC suspension and freshly prepared donor blood through the new LPS column did not demonstrate the emergence
and growth of cytolytic markers; on the contrary, a two-fold decrease in the concentration of free hemoglobin con-
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taining in the RBC suspension was observed. There was a two-fold decrease in the vitamin B12 concentration, a
3.54-fold decrease in ,-microglobulin and a 2.5-fold decrease in creatinine levels. The atomic force microscopy did
not find critical impairment of the morphology of erythrocyte membranes.

Conclusion. In vitro and ex vivo tests demonstrated reliable experimental data on the effectiveness and safety of
the device that employs a hypercrosslinked styrene-divinylbenzene copolymer for LPS-selective hemosorption,
which was not inferior to one of analogues for hemosorption currently employed in clinical practice.

Key words: lipopolysaccharide adsorption; polymeric multimodal adsorbent; endotoxemia
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BBenenue

Cericuc siBJIsIETCST OTHON U3 HAaUOOJIee CITOKHBIX
pobJieM COBPEMEHHOT MEIUIIUHBI, KOTOPAst OTIpe/Ie-
JisieTest GOJIBIINM KOJIMIECTBOM OOJIbHBIX U CTAOUIBHO
BBICOKOM JIeTaJIbHOCTBIO. EskerojHo B Mupe cerncuc
(Tsoxenpii cernicuc corsacHo nedunnimun SSC-2014)
JuarHocTupyercst y 19 MTH. 4estoBek, U3 HUX morubaer
okosio 5 muH. Cercuc — camasi 4acTtasi IPUIHHA
JIETAJIbHBIX UCXO/IOB B OT/IECJICHUSX PEAHMMATOJIOTUN
Espormsr u CeBeproit Amepuku. Y 20,2% GOJNbHBIX €
uH(eKImeil 060 TOKaIM3aK U TSKECTH, HaXO/Is-
MIMXCS B OTJCJIEHUAX PEAaHUMATOJIOTHH, PA3BUBAETCS
CEeNTUYeCKUii MoK [ 1], Tpu 3TOM MOJIYTO10Bas JIeTab-
HOCTh TIOCJIE TEPEHECEHHOTO CENTUYECKOTO IMOKa
cocTaBiister 45% [2].

OHJIOTOKCUH — MOIIHBIN WHIYKTOP JIOKAJIbHOM
BOCITQJINTEJIbHON peakliiy U CUCTEMHBIX TIPOSIBIEHNN
MH(DEKIINN, KOTOPBIE COCTABJISIOT OCHOBHbIEC KJIMHIYE-
CKUe TIposiBJIeHUs cenicuca [3, 4]. AKTUBaIusg Meara-
TOPHOTO KAaCKaJia TIPU CETICHCe TIPUBOUT K TIOBPEXK/Ie-
HUIO 9HIOTEJINA W 3HAYUMBIM HapyIICHUSIM MUKPO- U
MaKPOTEMOJIMHAMUKHU: YBEJINYCHUIO, & 3aTE€M U CHIUKE-
HHUIO CEPJIEYHOTO BHIOPOCA, CHUYKEHUIO TTepH(hePIIecKo-
IO COCY/TUCTOTO COTIPOTUBJIICHUS, TOBBIIECHUIO TTPOHM-
IAEMOCTU  DHOTEJINS, JIETOYHOW  TUIepTeH3UH,
nepepacipeiesieHiio OPraHHOTO KPOBOTOKA W CHUKE-
HUIO COKPATUTEIbHOI criocobHocTH Muokapja. Ilaro-
busnonornueckue achdekTol, peanusyembie Ha MUKPO-
IUPKYJSTOPHOM YPOBHE, BEIyT K TOMY, YTO Y
3HAYNTEBHON YacTH GOJIBHBIX CEINCUC OCJIOKHSIETCS
Pa3BUTHEM CENTUYECKOTO IOKA U OJIMOPTaHHON HEO-
CTaTOYHOCTH, KOTOPAsI SIBJISIETCSI OCHOBHOM TIPUYMHOMN
rubes aTrx 6oJLHBIX. JIeueHue cercuca mpeycMaTp-
BaeT XUPYPrudecKyto caHaImio NHGEKITMOHHOTO ovara
U aHTUMUKPOOHYO XIMHOTEPAITHIO, OJIHAKO UHTEHCHB-
HOE JIeYeHHeE JIOJKHO JIOTIOTHATHCS METO/ITAMU 9KCTPa-
KOPHOPATBbHON IETOKCUKAITIH C TIEThIO0 KOPPEKITMU KJle-
TOYHOTO MeTaboJIM3Ma, BOCCTAHOBJIEHWSI TKAaHEBOU
nepdy3nn U CHUKEHUS CTeNeHN 9H0TOKCUHEMUH.

IITupokast pacpoCTPaHEHHOCTD CETICUCa Y GOJIb-
HBIX PEAHMMAIMOHHOTO MPOQUJId, HEYIOBJICTBOPH-
TebHad 3(D(PEKTUBHOCTD IIPUMEHSIONINXCS B HACTOS -
nee BpeMsS METO/I0OB KOHCEPBATHUBHOTO JICYCHUS
cericuca Tpebyer pa3pabOTKK U BHEIPEHUST UHHOBA-
IIMOHHBIX METO/IUK HKCTPAKOPIOPATBHON IETOKCHKA-
UM C JIETaJbHBIM M3yYeHUEM MX OUOJOTHYECKON
COBMECTUMOCTHU 1 3(h(HEKTUBHOCTH.

[lepcrieKTUBHBIM HAIIPABJIEHUEM PEIleHUS TTPO-
GJIEMBI BKCTPAKOPIIOPAIBHOTO OUHUIIEHUST KPOBU TIPU

Introduction

Sepsis is one of the most difficult, still unsolved
problems of contemporary medicine, which is contin-
uing to be diagnosed in a large number of patients with
high rate of mortality. Every year, sepsis (according to
SEPSIS-3, 2016, or severe sepsis according to the
SSC-2014 definitions) is diagnosed in 19 million peo-
ple worldwide, about 5 million of whom die. Sepsis is
the most common cause of deaths in the intensive care
units of Europe and North America. Septic shock de-
velops in 20.2% of ICU patients with infections of any
localization and severity [1]; at that, the semiannual
mortality after septic shock is 45% [2].

Bacterial endotoxin (lipolysaccharide) is a po-
tent inducer of the local inflammatory response and
systemic manifestations of infection, which constitute
main clinical manifestations of sepsis [3, 4]. Activation
of the mediator cascade in sepsis leads to endothelial
damage and significant micro- and macrohemody-
namic disorders: an increase and then a decrease in
cardiac output, a decrease in peripheral vascular re-
sistance, an increase in endothelium permeability, pul-
monary hypertension, a redistribution of organ blood
flow and a decrease in myocardial contractility. In a
significant number of septic patients, the pathophysi-
ological effects at the microcirculatory level lead to
such complications of sepsis as septic shock and mul-
tiple organ failure, which are the main cause of death
in these patients. Treatment of sepsis involves surgical
debridement of the infectious focus and antimicrobial
chemotherapy. However, damage to anti-endotoxin
immunity and natural detoxification mechanisms
leads to the need to supplement intensive treatment
with extracorporeal detoxification methods.

The prevalence of sepsis in ICU patients and un-
satisfactory effectiveness of existing methods of con-
servative treatment of sepsis requires development
and implementation of innovative methods of extra-
corporeal detoxification with detailed study of their
biological compatibility and effectiveness.

The use of new highly effective biocompatible
sorbents that selectively remove the primary patho-
genesis of sepsis from the blood, i.e. bacterial endo-
toxin (lipopolysaccharide, LPS) is a promising way for
solving the problem of extracorporeal blood purifica-
tion in septic conditions.

Currently, several different types of products are
used in clinical practice for LPS-selective hemosorp-
tion. Toraymyxin (Toray Medical Co., Ltd. Japan) is the
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THOITHO-CENITUYECKUX COCTOSTHUAX SIBJISCTCS MCIIOIb-
30BaHMe HOBBIX BBICOKOA(P(HEKTUBHBIX GHOCOBMECTH-
MBIX COPOEHTOB, U3GUPATENBHO YIATSIONNX U3 KPOBH
MePBUYHOE 3BEHO MATOTEHE3a Cencrca — HaKkTepualib-
HbIH aH10TOKCUH (sTunioniosincaxapu, JITIC).

Ha nacrosmnmiit MOMEHT B KJIMHUYECKOI TIPaKTH-
Ke MCIIOIb3yeTCd HECKOJIBKO PAa3JIMYHBIX TUTIOB U3/Ie-
sii guist JITIC-ceteKTUBHOI reMOCOpOIIM KaK OTede-
CTBEHHOTO, TaK W WMIIOPTHOTO ITPOU3BOICTBA.
Hcropuuecku nepBoii KOJOHKOM 719 9KCTPAKOPIIO-
paibHOI Tepanmuu cerncuca Apjsierca loraymyxin
(Toray Medical Co., Ltd dnonus), koTopas mpume-
Haerca B Jnonun g sedenud cercuca ¢ 1994 roma
[5]. K 2014 r. B Mupe 91 KOJIOHKU ObLIN HCIIOIb30Ba-
HbBI C HU3KON 4acTOTON HeGMaronpusTHbIX 3(hherToB
(menee 1%) nipu severnu Gosee 100 000 60bHBIX ¢
cerncrucoM. KapTpuk mocTpoeH ciaeayiommum obpa-
30M: IOJIUMUKCHH B KOBaJIEHTHO MMMOOUIIM30BAH HA
HUTSX U3 MTOJUCTUPOJIA/TIOMITUIICHA, YTO TTO3BOJISICT
CEJIEKTUBHO Y/IAJISITh SHIOTOKCUH 0€3 BBHIMbBIBAHMSI
Jmraza. IMMoOGUIIM3aIins ocyIecTBsieTcss biaroa-
pA  peakiMu MEXIY aMUHOTPYIION ¢dparmenTa
JIMAMUHOMACJISTHOM KUCJIOTBI; IPU 3TOM COZIep:KaHue
nosuMukcnna B cocrasiser 5 Mr na 1 r mosimctupoa.
Mexanuam JieiicTBUS yCTPONCTBA 3aKII0YAETCS B yla-
JIEHUH 9H/IOTOKCUHA, TIPU 3TOM HAOJIIO/IAeTCST CHIKE-
HUE co/lep:KaHus B KPOBM U ITPOBOCHAJIUTENbHDIX
IIUTOKWHOB, HaTpuMep, (hakTopa HEKPO3a OIYyXOJU &
[6]. Kononka «1mo3Bosisisiay yAaIsaTh MyTeM reMorep-
dysun 10 64 mxr (640000 ED) sHpoTOKCHHA U3 GbIYb-
eit masMbl. IPHEKTUBHOCTD UCITOIB30BAHMS KOJIOH-
K1 GbITa HCCTeIoBaHa TAKKe M in vivo Ha cOOAKaX st
geuenus E.coli-unpynmposanHoro cencuca. Cyie-
CTBYIOT U JIPYTHe KOJOHKH JIJIsi FeMOCOPOIINH, ajiar-
THUPOBaHHbBIE JJIST JICYCHUsI CENTUYECKUX OOJIbHBIX:
LPS Adsorber (Alteco Medical AB, HIserus) [7],
remopuibrp oXiris (Gambro Lundia AB, IlIBerus)
[8], copbimonHas kosnonka Tokcumak (3A0
«Hayuno-nponssospcrsennas dupma I[TOKAP/»,
Mocxksa) [9] n T. 1.

Tem He MeHee, cTpaTerust JeTOKCUKAIUU, OCHO-
BaHHAsT MCKJI0YNTeNbHO Ha cosmanun JITIC-crernn-
(buaHBIX COPOEHTOB JI71sT TeMOCOPOIHH, He BCerjia 1o3-
BOJISIET  JIOCTUTHYTh  CTaOWMJIM3AIUUA  COCTOSTHIS
GOJIBHBIX TIPH KPUTHYECKUX COCTOSTHUSAX BCJIEACTBUE
MHOTOOOPa3usi «YCJIOBHBIX 3HIOTOKCHKAHTOB» —
BEIIEeCTB, U30BITOYHOE COJIEPKAHIE KOTOPHIX B IUPKY-
JIIPYIOIIEi KPOBH MOJKET OBITh CYIIIECTBEHHBIM (haKTo-
POM HapyHIEHUs TEJOCTHOCTUA IHAOTEJUS COCYIOB,
CTPYKTYPBI ¥ (DYHKITUU IPUTPOITUTOB, KJIETOK MMMYH-
HOU CUCTEMBI, KJIETOK JKU3HEHHO Ba)KHBIX OPTaHOB.
Takue TMPKyIUPYIONTHE MOJIEKYJIBI (TPOBOCTIAIUTETH-
HbI€e IIUTOKKHBI, TIPOAYKTHI THOHY X KJIETOK — B YacT-
noctu, HMGB1, xeMOKUHbBI, UIMMYHOCYIIpECCOPHDIE
MostekyJbl, MuToxoHapruanbraas [IHK, mupkyaupyro-
mast /IHK u ee okuciennsie hopmMbr) MOTYT BHOCUTD
CYIIECTBEHHBIN BKJIAJL B Pa3BUTHE TIOJTMOPTAHHOM
HEJIOCTaTOYHOCTH ¥ IMMYyHOKOMIIpoMeTartu. [Toce-
Hee COCTOSTHME, UpeBaToe yCUIeHneM GaKkTepraIbHON

first ever column for extracorporeal therapy of sepsis,
which has been used in Japan for the treatment of sepsis
since 1994 [5]. By 2014, these columns were used
worldwide in the treatment of more than 100,000 pa-
tients with sepsis with a low incidence of adverse effects
(less than 1%). The cartridge is constructed as follows:
polymyxin B is covalently immobilized on polystyrene
/ polyethylene filaments, which allows for the selective
removal of endotoxin and does not elute the ligand. Im-
mobilization is carried out due to the reaction between
the amino group of the diaminobutyric acid fragment;
at that, the content of polymyxin B is 5 mg per 1 g of
polystyrene. The mechanism of action of the device is
based on the endotoxin elimination; at that, there is also
a decrease in blood levels of proinflammatory cytokines,
for example, tumor necrosis factor « [6]. The column
made it possible to remove up to 64 pg (640,000 EU)
of bovine plasma endotoxin by hemoperfusion. The ef-
fectiveness of the column was also investigated in vivo
in dogs for the treatment of E. coli-induced sepsis.
There are also other columns for hemosorption adapted
for the treatment of septic patients: LPS Adsorber (Al-
teco Medical AB, Sweden) [7], oXiris hemofilter (Gam-
bro Lundia AB, Sweden) [8], Toxipack sorption column
(CJSC Scientific Research Production Company
POKARD, Moscow) [9], etc.

However, a detoxification strategy based solely
on the creation of LPS-specific sorbents for hemosorp-
tion does not always allow stabilization of clinical pa-
rameters of critically ill patients due to a variety of
«conditional endotoxicants», i.e. substances whose ex-
cessive content in the circulating blood may damage
the vascular endothelium, structure and function of
red blood cells, cells of the immune system, and cells
of vital organs. Such circulating molecules (proinflam-
matory cytokines, products of dying cells, in particu-
lar, HMGB1, chemokines, immunosuppressive
molecules, mitochondrial DNA, circulating DNA and
its oxidized forms) can make a significant contribution
to development of multiple organ failure and immuno-
compromising. The latter state is associated with in-
creased bacterial load and, as a consequence, an
increase in the content of bacterial endotoxins; it can
eliminate positive, but short-term effects of LPS-spe-
cific hemosorbtion.

On the other hand, non-specific hemosorption is
ineffective in reducing the level of bacterial endotox-
ins. Pro-inflammatory factors, bacterial products that
are toxic to cells, and immunosuppressive factors co-
exist and support each other’s products, so it’s difficult
to hope that removal of only one of these groups can
break this vicious circle. Sorbents with unique physic-
ochemical properties and structure are required for si-
multaneous directional removal of several types of
clinically significant targets.

Thus, the optimal hemosorbent must combine
the properties of LPS-selective and non-selective sor-
bent, i.e. be multimodal. The development of such
multimodal sorbents is possible due to methods of sur-
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HATPY3KHU U, KaK CJIE/ICTBUE, YBEJTMUCHUEM COJICPKAHUS
GaKTEPUANBHBIX SHAOTOKCUHOB, MOXKET «CBOJIWUThH Ha
HET» MOJIOKUTENbHBIE, HO KpaTKOBpeMeHHbIe, 3 dek-
b1 JITIC-cnienududeckoit reMocopOImm.

C npyroii cTopoHbl, HecTenuduIecKast reMocopo-
U5t MasIoa(hhEeKTUBHA JIJIsT CHYKEHUST YPOBHsI GaKTepu-
AJTBHBIX 9HIOTOKCUHOB. IIpoBocnanuresbble hakTo-
PbI, TOKCUYHBIE /IS KJIETOK GaKTePUAbHbIE TPOYKTHI
1 UMMYHOCYTIPECCOPHHBIE (DaKTOPBI COCYIIECTBYIOT U
MOZIEP>KUBAIOT TIPOLYKITHIO JIPYT IPYTa, TI03TOMY TPY/I-
HO HA/IEATHCSA HA TO, YTO Pa30PBaTh MOPOUHBIM KPYT
MOJKET JIUIIb yaleHre KaKou-1ubo OMHOM M3 9THX
rpyiit. 171 0THOBPEeMEHHOTO HATIPaBJICHHOTO YIaJICHUS
HECKOJIbKUX TUIIOB KJIMHUYECKU 3HAYMMbIX MUIIICHEH
TpeGYIOTCst COPOEHTBI € YHUKATILHBIMU (DPU3UKO-XUMU-
YEeCKUMU CBOWCTBAMU U CTPOCHUEM.

Takum 06pa3oM, ONTUMATBHBIA TeMOCOPOEHT
JIOJIKEH coueTaThb B cebe cBoiictBa JIIIC-cesekTuBHO-
IO ¥ HECEJIEKTUBHOTO COPOEHTA, T. €. SABJIATHCA MYJIb-
TUMOIabHBIM. Co3/IaHue TaKUX MYJIBTUMOIATBHBIX
cOpOGEHTOB BO3MOSKHO 32 CUET METO/I0B MOBEPXHOCT-
HOI MOIM(DUKAIINN TOPUCTBIX MTOJIMMEPHBIX MaTepHra-
JI0B GrocenunduaecKUMHI JTUTAHIaMU, He OKa3bIBalo-
MIUX HETATUBHOTO BJIUAHUSA Ha WX TOPUCTYIO
cTpYKTYpY. IlomobHbIM 00pasoM yCTPOeH COPOEeHT,
BXOJIAIINI B COCTaB YCTPONUCTBA JIJIsI 9KCTPAKOPIIO-
panbHoTO ountiienus kposu dbdepon JITIC. B kaue-
CTBE MATPUIIBl UCIIOIB3YETCS COTMOJTUMED CTUPOJIA U
AUBUHUIOEH30J1a, HA TIOBEPXHOCTH KOTOPOTO KOBa-
JIEHTHO TIPUBUTHI crieninruyHble IO OTHONIEHUIO K
JIATIONIONIUCaxXapuiaM cuHTeTnYeckue juran/nt [10].
Ibdepon JITIC sBisieTcst mepBbIM MPeICTABIEHHBIM
yerpoiictBom s JIIIC-remocopOiu Ha OCHOBe
MYJIBTUMOJIAIBHOTO  COPOEHTa, T0aTOMY OIleHKa
abdexkTuBHOCTU U GE30MTACHOCTH €T0 UCTIOIB30BAHUST
Mpe/ICTaBIgeT HECOMHEHHYIO HAYYHYIO M TTPaKTHye-
CKYIO 3HAYMMOCTh. B CBSI3M ¢ 9TUM 1EJBI0 PabOThI
crajia orieHKa 3 heKTUBHOCTH U GE30ITaCHOCTH HOBO-
TO MYJIETUMOJIAILHOTO TEMOCOPOEHTA JIJIS 9KCTPAKOP-
MOPAJILHOTO OYUIIEHUSI KPOBU 11 0it10 U ex vivo.

MaTepI/IaJI N METO/1bl

[IpoToKoJI OLIeHKH COPOIIMOHHBIX CBOICTB U Ge3omac-
HOCTH reMorepdys3un in vitro Ha cOpOIMOHHON KOJOHKE
Idddepon JIIIC npexycmaTpuBas mpoBeeHIe UCITBITAHII
B TPH 9TAIla, COOTBETCTBYIONIIX OCTABIEHHBIM 3a/[a4aM:

1) ncnomp3oBanue pacrtsopa sHmoTokcuHa B 0,9%
NaCl st orienkn ahHeKTUBHOCTH COPOITII DHAOTOKCHHA,

2) WCIOTh30BAHVE JOHOPCKOH 9PUTPOIUTHON B3BECH
1St otleHKH OezonacHoctu remonepdysun Ipdepon JIIIC
JJIST KJIETOK KPOBH

3) ucnosb30BaHMe 1eTHbHON TOHOPCKON KPOBU [IJIsT
orerku 3G beKTHBHOCTH TeMOCOpPOIUHN 1 6e30MaCHOCTH Te-
Motnepdysnun

Pearentsl. Kontposbnbrii crangapt angoTokcnna Es-
cherichia coli 055:B5 10.000.000 ED (Charles River EN-
DOSAFE, CIIIA), JIAJI-peaktuB  Pyrochrome®
(uayBerBurenbiocts 0,005 ED /vi) (Cape Cod, CIITA), armi-
porennas JIAJI-Boga (Cape Cod, CIIA), anuporernbie
npobupku Pyrotube®-D 12X75 mm (Cape Cod, CIIIA), uso-

face modification of porous polymeric materials by
biospecific ligands that do not adversely affect their
porous structure. The sorbent, which is part of the de-
vice for the extracorporeal blood purification Efferon
LPS, is arranged in this particular way. A copolymer
of styrene and divinylbenzene is used as a matrix,
while the synthetic LPS-selective ligands are cova-
lently grafted to its surface [10]. Efferon LPS is the
first presented device for LPS-hemosorption on the
basis of a multimodal sorbent, therefore, the evalua-
tion of the effectiveness and safety of its use is of un-
doubted scientific and practical significance.

Materials and Methods

The protocol for assessing the sorption properties and
safety of hemoperfusion in vitro on the Efferon LPS sorption
column was the purpose of this work; it specified three-stage
testing related to the study tasks:

1) using endotoxin solution in 0.9% NaCl with an as-
sessment of the efficacy of endotoxin elimination,

2) using donor RBC suspension with assessment of
the Efferon LPS hemoperfusion safety for blood cells

3) using whole donor blood with assessment of effi-
cacy of hemosorption and safety of hemoperfusion

Reagents. Escherichia coli reference standard 055:B5
10.000.000 EU (Charles River ENDOSAFE, USA), Py-
rochrome® LAL-reagent (sensitivity 0.005 EU/ml) (Cape
Cod, USA), pyrogen-free LAL-water (Cape Cod, USA), py-
rogen-free Pyrotube®-D 12X75 mm test tubes (Cape Cod,
USA), isotonic sodium chloride solution (solution for injec-
tion, 0.9% NaCl; Grotex LLC, Russia), chemically pure gla-
cial acetic acid (Component-Reactant LLC, Russia).

Equipment. U-2900 Dual Beam UV-Vis Spectropho-
tometer (Hitachi, Japan), High Precision Cell 100-QS 100-
10—40 3500 pl photometric cuvettes with an optical path
length of 10 mm (Hellma Analytics, Germany). Magnetic
stirrer IKA C-MAG HS7 digital (IKA Werke, Germany)
with a thermocouple as a controller. Peristaltic pump LOIP
LS-301 (LOIP JSC, Russia). Infusion system with a dispos-
able plastic needle (SFM, Germany). Three-way tap BD
Connecta (Becton Dickinson, USA). Device for extracor-
poreal blood purification Efferon LPS (Efferon JSC, Rus-
sia). Scanning probe microscopy was performed using
Ntegra PRIMA atomic-force microscope (NT-MDT Spec-
trum Instruments, Zelenograd, Russia).

Elimination of endotoxin in a sodium chloride iso-
tonic solution by isolated perfusion on a polymeric sorbent.

Description of the experiment 1. The endotoxin ref-
erence solution (2 million EU in a vial) was dissolved in 10
ml of pyrogen-free water and added to 2 liters of isotonic
sodium chloride solution (0.9%) heated to 37°C. Thus, the
initial concentration of endotoxin was 1000 EU/ml. A glass
vial with the solution was placed in a water bath with a main-
tained temperature of 37°C and the solution was mixed using
a magnetic stirrer. 30 minutes later, we connected the device
for extracorporeal blood purification Efferon LPS using a line
from the infusion system and a peristaltic pump so that the
solution returns back to the vial after passing through the col-
umn. The solution was pumped at a rate of 100=10 ml/min
for 2 h at a temperature of 37°C and continuous stirring in the
vial using an anchor of the magnetic stirrer (fig. 1).

The sampling was carried out at the entrance and exit
from the column through three-way taps in 30 minutes, 1
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TOHMYECKUI PACTBOP XJIOPHU/Ia HATPUst (PACTBOP JIJIsl MHDb-
exuuii, 0,9% NaCl; OOO «Iporekc», Poccus), kuciora yk-

cycHas JlefIsTHas XUMUYECKH qucTast (000
«Kommonent-Peaktus», Poccmst).
OGopynosanue. CirieKTpoGOTOMETD ABYJIyYeBOH

YD-pupnmoro auanasona U-2900 (Hitachi, SInoxus), ¢o-
tomerpuueckue kioserbl High Precision Cell 100-QS 100-
10-40 ¢ o6bemom 3500 MKJT 11 THHO#T orTHdeckoro myTu 10
mM (Hellma Analytics, Tepmanust). MarHuTHOe 11epeMentiu-
Barolee ycrpoiictBo IKA C-MAG HS7 digital (IKA Werke,
lepmanust) ¢ Tepmonapoii B kauectBe KoHTpotepa. [lepu-
cransrruecknii Hacoc LOIP LS-301 (AO «JIOWNII», Poc-
cus). Cucrema wWHOY3MOHHAS C IJIACTUKOBOW WTJIOHN
onHokpatHoro npumenenus (SFM, lepmanns). Kpan tpex-
xoznoBoit BD Connecta (Becton Dickinson, CIITA). Yerpoii-
CTBO JUUIsI 9KCTPAKOPHOPAJBHOTO OUHUIIEHWS] KPOBU
Idddepon JITIC (AO «Idpdepony, Poccust). Crkannpyiormas
30H/I0BasI MUKPOCKOTIHSI BBITIOJTHSITIACH C TOMOII[BIO aTOMHO-
cusoBoro mukpockorna Ntegra PRIMA (HT-M/T Crex-
tpym Unctpymente, 3enenorpan, Poccust).

JIMMHUHAIMS SHIOTOKCHHA B M30TOHHYECKOM pac-
TBOPE HATPHUs XJIOPU/A IyTeM H30JNPOBaHHOI epdy3un
Ha I0JIMMEPHOM COpOeHTe.

Omnucanue sxcnepumenta 1. KoHTposibHBIN pacTBOP
anpotokcrHa (2 muta EJ B Buase) pactsopuiu B 10 mur ani-
POTEHHON BObI U TIPHOABUIIN K 2 JI H30OTOHIMYECKOTO pac-
TBopa XxJjopuma HaTpus, nogorpetoro no 37°C. Taxkum
06pa3oM, MCXO/IHAsT KOHIIEHTPAIINST SHAOTOKCUHA COCTABIIIA
1000 ES /M. CreknsiHHyo KOGy ¢ pacTBOPOM HOMECTUIIN
B BOASIHYIO GaHIO ¢ 1o/1epsKkuBaeMoil TeMiiepatypoit 37°C,
nepeMeIBaHue OCYIIECTBIISIIN C TOMONIBIO MATHUTHOTO
nepeMenmBalonero ycrpoiictsa. Yepes 30 MuH, NCTIOB3Y ST
MarucTpain oT HHPY3MOHHON CHCTEMBl U TIEPUCTAJBTIYE-
CKUI HACOC, MOAKTIOYHIIN YCTPOICTBO /TSI 9KCTPAKOPIIO-
panbHoTO oummenus: kpou IPdepon JIIIC rtakum
06pa3oM, 4TOOBI PacTBOP MOCJE MPOIYCKAHUsT Yepe3 KO-
JIOHKY BO3Bparascst o06paTHo B KoJi0y. PactBop nepekaym-
Basm co ckopoctbio 100+£10 mMy/MUH B Teuenue 2 4 TIpu
tepmoctarupoBanny 37°C 1 HeNpepBIBHOM TepeMenTBa-
HUW B KOJIOE C TIOMOIIBI0 MATHUTHOTO [EPEMENTHBAIOIIETO
ycTpoiicTBa (puc. 1).

O160p MPOGBI OCYIIECTBIISLIN Ha BXOJE U BBIXOJIE U3
KOJIOHKW Uepe3 TPeXX00Bbie Kpaubl uepe3 30 MuH, 1 am 2 4.
Omnpenenenne copep:kannst JIIIC ocymecTBasm criekTpo-
(oromerpuueckm MeTomoM xpomorerHoro JIAJI-tecta mo
KOHEYHOH TOYKe, MCIOJAb3ysi peareHThl Pyrochrome® 1o
paHee [OCTPOEHHOI KannGpOBOYHOMN HPSAMOIL.

Pe3ysbrarhl 1 00CyKAeHIE

[Tpumensiemas MeToinKa (MCXOHAS KOHIIEHTPA-
nus JITIC 1000 ED/Mit B u30TOHUYECKOM pacTBOPE
NaCl) ananornuna onucanubiM B padorax [12, 14], B
KOTOPBIX MPUBEIEHbI KOJIMYECTBEHHbIE TTOKA3aTesn
COpOLMOHHONM aKTUBHOCTH KOJOHKKM Toraymyxin
PMX-20R. Takum 06pazom, Mbl HMeJIH BO3MOKHOCTD
MIPSIMOTO CPABHUTEIBHOTO aHAJIN3A C <30JI0TBIM CTaH-
naprom» JITIC-crermduunoii remocopbuuu. Habmo-
JlaJIi 3HAYUTEbHOE CHUKEHHME KOHIIEHTPAIlUU dHI0-
TokcuHa B pactBope: uepe3 30 munyt — B 1,7 pasa;
yepe3 1 u — B 7,7 pa3 u uepe3 2 u — B 18,5 pas no
CpaBHEHMIO ¢ MCXOAHBbIM 3HavenneM (tabu. 1). Kax
BUAHO 13 TabJ1. 1, CXOAHBIMU IIApaMeTpaMu COPOLHH
oburagana u kojioHka Toraymyxin.

4
|

Puc. 1. Cxema 3KcnepHMEHTaIbHONH NUPKYJISIUN PACTBOPA 9H-
JOTOKCHHA.

Fig. 1. Scheme of an experimental endotoxin solution circulation
circuit.

hour and 2 hours. LPS content was determined spectropho-
tometrically by the end point chromogenic LAL test method
using Pyrochrome® reagents according to a previously con-
structed calibration line.

Results and Discussion

The technique (initial concentration of LPS is
1000 EU/ml in isotonic NaCl solution) is similar to
that described in [12, 14], where quantitative parame-
ters of the sorption activity of the Toraymyxin PMX-
20R column were published. Thus, we have a possibility
of a direct comparative analysis with the “golden stan-
dard” of LPS-specific hemosorption. There was a sig-
nificant decrease in the endotoxin concentration in the
solution: 1.7-fold in 30 minutes, 7.7-fold in 1 h, and
18.5-fold in 2 h vs. the baseline (table 1). As can be seen
from Table 1, Toraymyxin and Efferon LPS possess sim-
ilar values for parameters of sorption.

At the same time, an even more noticeable de-
crease in the LPS concentration was observed at the
exit from the column, which indicates a high efficiency
of the sorbent for removing bacterial endotoxins from
the solution. It should be noted that even after two
hours of sorption, a concentration gradient of endo-
toxin is maintained at the inlet and at the exit of the
device, which indicates that the sorption capacity has
not been exhausted within the specified time intervals
(fig. 2). The data obtained indicate high sorption ac-
tivity and capacity, not inferior to the «recognized
leader» in the field of LPS-selective hemosorption, the
comprehensive life-saving technology in sepsis.

Study of the safety of Efferon LPS perfusion
on donor RBC suspension.

Description of the experiment 2. An RBC suspen-
sion was used in a SAGM resuspending solution (100 ml)
with a leukoplatelet layer removed; it was obtained in ac-
cordance with the Technical Regulations [13] and col-
lected in a sterile polymeric container Hemocon
(Ravimed, Poland). The volume of the RBC suspension
was 290 ml; it was donated 17 days ago and its hemat-
ocrit was 0.7. After mixing with 210 ml of sterile sodium
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TaGmmia 1. CpaBHUTENbHbIE JAHHDIE N0 DIMMHHALMA HIOTOKCHHA C IOMOIIBIO KOJIOHOK.
Table 1. Comparative data on elimination of endotoxin by columns.

Time, min Concentration of endotoxin, EU/ml
Efferon LPS, Inlet Efferon LPS, Oulet Toraymicin®, Inlet
0 1000 — 1000
30 606 245 500
60 130 67 250
120 54 42 180

Note. * — data are given for the column Toraymyxin PMX-20R [12].
IIpumeyanne. Time — Bpems; Inlet — Bxox; Outlet — Bbixoa (KosoHKM). ¥ — naHHbIE NPUBEAEHDI 17151 KosToHKN Toraymyxin PMX-20R [12].

[Ipu 5TOM Ha BBIXOJE U3 KOJOHKU HaGJIOAAIN
emte 6oJjiee 3aMeTHOE CHIKeHKe KoHuenTpanuu JITIC,
YTO FOBOPUT O BBICOKOIT ahheKTUBHOCTH cOpOEHTa TI0
yAAIeHHIO GaKTePUATIbHBIX SHIOTOKCHHOB 13 PACTBOPA.
CJietyer OTMETHUTB, YTO JaKe TOCJIe 2-X 4aCOB COPOIUH
COXPAHSJICS TPAJUEHT KOHIIEHTPAIHIT SHIOTOKCUHA HA
BXO/Ie U HA BBIXOJI€ U3 YCTPOMCTBA, UTO YKA3bIBAET HA
OTCYTCTBUE WCYEPIaHust COPOIIMOHHON €MKOCTH 3a
yKazaHHbIe IPOMEKYTKM BpeMenu (cMm. tabur. 1). [oiry-
YeHHbIe JJAHHBIE CBUJIETEJILCTBYIOT O BBICOKOH cOpO-
[IMOHHOI aKTMBHOCTU W eMKOCTU pa3pabarbiBaeMoii
KOJIOHKH, HE YCTYIAIOIel 1o cOPOIMOHHON aKTHBHO-
cTH KosioHke ToraymyXin, ITUPOKO UCIIOJIb3YEMOIl B
MUPOBOH KJIMHUYECKOH TTpakTukKe KosoHku st JITIC-
CEJIEKTUBHON reMOCOPOINU — COBPEMEHHO TEXHOJIO-
TUU JKU3HEOOeCTIedeH st TP CETICUCE.

Hsyuenne Gesonacuoctu nepdysun ddpdepon
JITIC na moHOPCKOit 3pUTPOIUTHOIT B3BECH.

Onucanne 3skcnepuMmenta 2. lcnosb3oBaiu
SPUTPOLIUTHYIO B3BECH B PECYCIIEHINPYIOLIEM PACTBO-
pe SAGM (100 mur) ¢ yajieHHbIM JIEHKOTPOMOOIMTap-
HBIM CJIOEM, MIOJTYYEHHYIO B COOTBETCTBUU C HOPMATHB-
HBIMU TI0J103KeHuaMU Texuudeckoro persamenta [13]
1 COOPAHHYIO B CTEPUJIBHBIN OJIUMEPHBII KOHTEWHED
Hemocon (Ravimed, ITosbiia). O6beM 9pUTPOLUTHOI
B3Becu coctaBuit 290 M, ¢ «Bo3pacToms joHaruu 17
cyt u remarokputom 0,7. [Tocsie cmemmBanmst ¢ 210 mu
cTepuIbHOTO pactBopa Harpust xaopuia (0,9%) mosy-
YeHHYIO cpety 1epdy3upoBasiu yepe3 KOJIoHKY dbde-
pou JITIC na momysie Hospal BSM-21sc ¢ KpoBoTOKOM
200 mJ1/MUH B G€3relapiuHOBOM PEKIME C PELIUPKYJIsi-
1eii 06beMa 3aroMHEH S, 3aMKHYTOTO Ha TeMOKOH-
reituep. VccaenoBasu cojepskanue cBOGOHOTO reMo-
rJ06uHa 10 KOHTPOJIbHBIM TOYKaM: t, — Ha cTapre
nepdysun, t; — 97 mun, t, — 236 MuH, a TaKKe Orpe-
neJisin MOPGOIOrniecKne XapakTepUCTUKI IPUTPO-
IIUTOB IIPU TIOMOIIIU ATOMHO-CHJIOBOIl MUKPOCKOIIUU B
TeX Ke KOHTPOJIbHBIX TOUKaX.

Vcxomnoe cojepskanie cBOOOIHOTO TeMOTIOON-
Ha TIPEBBIIIAJIO TIOKA3aTeNH, IoMyIeHHbie Texpera-
MEHTOM, 4TO SIBJSAETCS JTaGOpPaTOPHBIM MapKepoM
remoJi3a (tabJr. 2). PaspylieHue KpacHbIX KPOBSIHBIX
TeJIel] BBI3BAHO JIOCTATOYHO OOJIBIITMM CPOKOM XpaHe-
HUS TPAHC(PY3MOHHOI CPEeibl M 3AKOHOMEPHBIM CTape-
HueM (GOPMEHHBIX JIEMEHTOB.

Ha 97 mun oTmeTnin ABYKpaTHOE CHUMKEHUE
YPOBHsI ¢CBOOOHOTO TEMOTJIOOUHA, YTO 0OBACHSIETCS
HECEJIEKTUBHON COPOIIMOHHON aKTUBHOCTBIO HATIOJI-

chloride solution (0.9%), the resulting medium was per-
fused through an Efferon LPS column on a Hospal BSM-
21sc module at a blood flow rate of 200 ml/min in
non-heparin mode with recirculation of the filling vol-
ume looped to the hemocontainer. The free hemoglobin
content was studied by control points: t, — at the start
of perfusion, t, — 97 min, t, — 236 min; and the morpho-
logical characteristics of RBCs were determined using
atomic force microscopy at the same control points.

The original concentration of free hemoglobin ex-
ceeded the values allowed by the technical regulations,
which is a laboratory marker of hemolysis (table 2).
The destruction of red blood cells is caused by a rather
long shelf life of the transfusion medium and the regu-
lar aging of the corpuscles.

At 97 min, a two-fold decrease in the level of free
hemoglobin was observed, which is explained by the
non-selective sorption activity of the filler. The use of
such a high blood flow in the clinical setting is imprac-
tical, taking into account the physico-chemical prin-
ciple of sorbent detoxification and the risk of
mechanical damage to blood cells. However, the labo-
ratory hemolytic effect was not registered.

Morphological changes in blood cells do not al-
ways lead to cytolysis. Degenerative changes of RBCs
under pathological conditions may relate to their size,
shape and color. Poikilocytosis (a change in the shape
of red blood cells of varying severity) is observed in
almost any anemia, intoxication, and injuries. Even
under normal conditions, a small part of the cells may
have a shape other than discoid.

Atomic force microscopy of a blood smear at the
first control point revealed a change in the shape of red
blood cells with the emergence of echinocytes, i.e. spher-
ical cells with many spicules on the surface (fig. 2).

At the same time, the ratio of the cell surface to
the volume remains unchanged, and the transforma-
tion of the cell to the discocyte-echinocyte in the ini-
tial stage is reversible. At the second control point, the
echinocytes count increased. Despite this, laboratory
signs of hemolysis were not recorded, which indicates
sufficient hemocompatibility of the polymer sorbent.

Biologically, the preserved components of donor
blood are not a perfect replacement. Since the erythro-
cyte suspension is a more vulnerable medium than
blood in vivo, a safety assessment at the next stage of
the study was performed using fresh whole blood jb-
tained from a healthy volunteer.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2018, 14; 6



DOI:10.15360,/1813-9779-2018-6-51-60

E)KCHepI/lMCHTaAI)Hble MCCACAOBAHMA

Ta6auua 2. CBoGOAHbII reMOrI06UH BO BpeMsi iepPy3un
IPUTPOIUTOB Yepe3 KoIoHKY ddepon JITIC.

Table 2. Free hemoglobin during perfusion of RBC sus-
pension through Efferon LPS column.

Control point Free hemoglobin concentration (%)

t 1.7
t 0.9
t 0.8

IIpumeuanue. Control point — koutposbHas Touka; free hemo-
globin concentration — KoHIeHTpaIys ¢cBOOOIHOTO reMorI00uHa.

Huress. [IpumeneHue o06HOTO BBICOKOTO KPOBOTO-
Ka B KIIMHUYECKUX YCJIOBUSIX HEIeJIecO00PasHO, yuu-
ThIBask (PUBMKO-XUMUYECKUH TPUHIIUTL ICTOKCUKAIITUN
copBeHTa U PUCK MEXaHUUECKOTO MOBPEKACHUS KIle-
TOK KpoBH. TeM He MeHee, Tab0PaTOPHBINA TEMOTUTH-
yeckuii 9 ekt He ObLI 3aperucTpUPOBaH.

Mopdosioruueckne usMeHeHNs KJIETOK KPOBU
He Bcerzia MpUBOAAT K IUTON3Y. JlereHepaTuBHbIE
M3MEHEHUS 3DPUTPOIMTOB IPU  MATOJOTMYECKUX
COCTOSTHUSIX MOTYT KacaTbCs UX BEJTUYUHDI, (DOPMBI U
okpacku. [TolKkuIonnuTO3 HAbJII0AAETC TPAKTHYECKH
NpH JIIOOBIX aHEMUSIX, MHTOKCUKAIMY, TpaBMax. Jlaxke
B HOpMe HeDOJIbINAsT YaCTh KJIETOK MOJKET UMETh
(bopmy, oTIMUHYIO OT IMCKOBUTHOI.

ATOMHO-CUIOBasg MUKPOCKOITNS Ma3Ka KPOBU B
1epBOI KOHTPOJIBLHOU TOUKE BBISBUJIA TTOSBJICHUE DXU-
HOIIUTOB — KJIETOK chepruiecKoil (hopMbl CO MHOKe-
CTBOM CITMKYJI Ha TOBEPXHOCTH (puc. 2).

OTHoIIIeHrEe TOBEPXHOCTH KJIETOK K 00beMY ITPU
3TOM OCTAaBAJIOCh HOPMAJIbHBIM, W TpaHchopMaIms
KJIETKN JIUCKOIUT-3XMHOIMT B HA4YaJIbHOU CTannu
6bita obpatuma. Bo BTOPOI KOHTPOJIBHON TOYKe
coJiepskaHue SXUHOIMTOB yBeanuuaock. HeemoTps na
970, J1abOPATOPHBIX TPU3HAKOB IeMOJIN3a He 3a(uK-
CUPOBAJIH, YTO TOBOPUT O JIOCTATOYHOM reMOCOBMe-
CTUMOCTHU TTOJIUMEPHOTO COPOEHTA.

B 610J10rnueckoM OTHOIIIEHIH KOHCEPBUPOBAH-
Hble KOMITOHEHTBI JIOHOPCKOW KPOBU HE SBJISIOTCS
MOJIHOIEHHBIM TIPOTE30M. JPUTPOIUTHASA B3BEChH
saBisteTcs GoJiee ySI3BUMOIL CpeIoil, ueM KPOBb i vivo,
B CB43M C YeM Ha CJIE/YIONeM dTale UCCAe0BAHMNSA
OIIEHKY 0e30IIaCHOCTH PEITIIN TIPOBECTH HA CBEKe-
MIPUTOTOBJICHHON IOHOPCKOU KPOBHU.

N3yueHue cOpOIMOHHDBIX CBOMCTE 1 Oe3omac-
HoctH remonepdysun Idpdepon JIIIC Ha nenrpHoi
ZIOHOPCKOIt KPOBH.

Onucanue skcnepuMenTa 3. B cooTBeTcTBUM €
TpeboBaHUsAMK  dTHYecKoro kKomurtera DOIBHY
«HUUMOP» nosyuniu undOpMUpOBaHHOE T06PO-
BOJIBHOE COTJIacHe IOHOpa Ha TIPOBe/IeHUE MCCie/oBa-
Hus. Vcrmosab30Bain CBEKEIPUTOTOBICHHYIO T1€JIb-
HYI0 KPOBb 06beMOM 450 M1, 63 MJT aHTHKOATYJISTHTA
CPD. Kposb tepdysuposasn yepes KoaoHKy Jdde-
pon JITIC na mojysie Hospal BSM-21sc ¢ KpoBoTOKOM
100 MJ1/MHUH 1 PELUPKYJISAIUeN 00beMa 30 THEHIS,
3aMKHYTOT'O Ha TeMOKOHTelHep. BoInoHsim 1031po-
BaHHYIO IeMapuHU3AINI0 Yepe3 BCTPOECHHYIO TOMITY CO
ckopoctbio 500 Ex /4.
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Puc. 2. Muxpodotorpaduu SpuTpOILMTOB, IIOTyYEHHbIE /10 ¥ NOCJIe
nepy3HH CyClIeH3UH SPUTPOLUTOB Yepe3 KooHKY Iddepon JITIC.
Fig. 2. Microphotographs of red blood cells obtained by perfusion of
the donor erythrocyte suspension through the Efferon LPS column.
Note. a — before connection; b — in 97 minutes; ¢ — in 236 minutes.
For Fig. 2, 3: Images of RBCs and their membranes were obtained
by the staff of the Laboratory of biophysics of cell membranes in
critical illness, V. A. Negovsky Research Institute of General Re-
animatology, Federal Research and Clinical Center of Clinical Care
Medicine and Rehabilitology.

IIpumevanue. a — nepejl MPOIyCKAHUEM dPUTPOIUTAPHOIL CyC-
nensuu; b — yepes 97 Mmun u ¢ — yepes 236 muH oT Havasia nepdy-
aun. st puc. 2, 3: n306paskeHust 9pUTPOIUTOB U UX MeMOpaH
[OJIyYEHbI COTPYAHUKAMH JIab0paTopurbuobusukn MeMOpaH mpu
KPUTHUYCEKNX COCTOSTHUSAX VHCTUTYTA 00I1eil peaHnMaToI0rnn
nMm. B. A. Herosckoro @HKII PP.
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Puc. 3. Mukpodororpaduu 3puTpOIMTOB, NOJyYEHHbIE 10 H
nocJie epdy3uu 1eJIbHOI JOHOPCKOI KPOBH Yepe3 KOJIOHKY -
depon JIIIC.

Fig. 3. Microphotographs of red blood cells obtained before and
after perfusion of the whole blood through the Efferon LPS column.
Note. a — before connection; b — in 30 minutes; ¢ — in 90 minutes.
IIpumeuanue. ¢ — mepen mponyckanneM mpobsr; b — depes 30
MUH.; ¢ — yepe3 90 MuH.

UccnenoBann OGUOXMMUYECKIE —TTOKA3aTENN
CBIBOPOTKY KPOBH 110 KOHTPOJIBHBIM TOYKAM: t, — Ha
crapre eppysun, t; — 30 muH, t, — 90 MuH, a TaKKe

Study of the sorption properties and safety of
hemoperfusion of Efferon LPS on whole donor
blood.

Description of the experiment 3. In accordance
with the requirements of the Ethical Committee of the
Federal Research and Clinical Center of Critical Care
Medicine and Rehabilitation, donor’s informed con-
sent was obtained. 450 ml of freshly prepared whole
blood preserved with 63 ml of CPD anticoagulant was
used. Blood was perfused through the Efferon LPS
column on a Hospal BSM-21sc module at a blood flow
rate of 100 ml/min and recirculation of the filling vol-
ume looped to the hemocontainer. A dosed hepariniza-
tion was performed through the built-in pump at a
rate of 500 U/h.

The biochemical parameters of blood serum were
studied at following time points: t, — start of perfu-
sion, t; — 30 min, and t, — 90 min after the beginning
of the perfucion. Morphological characteristics of ery-
throcytes were evaluated using atomic force mi-
croscopy at the same time points points.

A twofold decrease in the vitamin B12 concen-
tration, a traditional marker of medium molecular tox-
icity, as well as a 3.54-fold decrease in the
By,-microglobulin level (Table 3) was observed, which
may have clinical significance in sepsis, in addition to
the main expected effect. The concentration of creati-
nine, a marker of low molecular weight (uremic) in-
toxication, decreased by 2.5-fold, however, the clinical
significance of this effect remains unknown and re-
quires further studies.

The atomic force microscopy of blood smears
demonstrated that the membrane structure turned
out to be normal in 98% of red blood cells before con-
necting to hemosorption and at the first control
point (fig. 3).

Discocytes remained the predominant form at
the second control point, however, other cellular forms
appeared (up to 10% of the cells). Considering the
small circulating volume in the experiment, the num-
ber of turnovers of the fluid through the sorption col-
umn is ten times greater than the blood turnover in
actual clinical practice. Thus, data confirm the high
hemocompatibility of the polymer sorbent.

Conclusion

The bench tests showed a high efficacy of the
Efferon LPS device based on an innovative LPS-se-
lective multimodal sorbent in relation to the elim-
ination of endotoxin from a crystalloid solution.
Hemocompatibility of polymeric sorbent for blood
cells based on hemogram data, spectrophotometric
blood analysis and scanning probe microscopy was
demonstrated.

The results demonstrates significant adsorption
clearance of substances of the medium molecular
weight range, the clinical significance of which will be
clarified in further studies.
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Table 3.Changes in the concentration of intoxication markers as a result of hemosorption by the Efferon LPS column.

Biochemical parameters

Control point

to 171 ty
Vitamin By, (pmol/1) 85.1 329 42.2
Bo-microglobulin 1.1 0.24 0.31
Creatinine 90 36 36

IIpumeuanue. Biochemical parameter — GuoxuMuyekuii moxkasarelib; control point — BpeMeHHast TOUKa B3sATHsI IIPOOBI Ha AHAJIU3.

onpenessiin  MOphOTOTUYecKrue XapaKTePUCTUKH
9PUTPOIIMTOB IIPH MOMOIIY ATOMHO-CHJIOBON MUKDPO-
CKOIIUU B TEX K€ KOHTPOJIBHBIX TOUKAX.

[Tosryunm 1ByKpaTHOE CHIKEHUE KOHIIEHTPA-
U TPAAUIIMOHHOTO MapKepa CPeHEMOIEKYIIPHOIM
MHTOKCUKanuu — putamMmuna B12, a Takxke f,-MUKpO-
rioGysnHa — B 3,54 pasa (Tabur. 3), 4T0 MOKET UMETh
CYIIECTBEHHOE KINHUYECKOE 3HAYEHNUE TIPU CETICHCE,
MTOMUMO OCHOBHOTO 3asiBieHHOTO ahderra. KonieHT-
parms KpeaTHHUHA — MapKepa HU3KOMOJIEKYJISTPHON
(ypeMu4ecKoil) MHTOKCUKAIINY — CHU3UJIACH B 2,5
pasa, 0IHAKO KJINHUYECKOe 3HaUeHue 3Toro addexTa
TpebyeT AaTbHENIINX UCCTeI0BAHMIA.

[Ipn aTOMHO-CHJIOBON MUKPOCKOIIUU Ma3KOB
KPOBU BBISIBUJIM, UTO CTPYKTYpa MeMGpaH 98% apurt-
POIIUTOB TIE€PE]] TIOAKTIOUEHUEM TeMOCOPOITUI U B TIEp-
BOI KOHTPOJILHON TOYKE HE OTIUIAETCSI, T.€. SIBJISIETCST
HopMmasibHol (puc. 3).

[TpeoGaazaiomeil GOPMON AUCKOIUTDI OCTaBA-
JIUCDH U BO BTOPOI KOHTPOJILHON TOYKE, OJTHAKO TTOSIBU-
goch 1o 10% apyrux KiaeTodHbix (GopM. YUUTBIBAsK
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o

maubiii OIIK B akcriepumMenTe, 4ncio 060poToB 0Gbe-
Ma 4epes COpOIHOHHYIO KOJIOHKY JAECSATUKPATHO Mpe-
BBIIIAET 0O0POT KPOBU B PEANBHON KIMHUYECKOT
npaxTuke. TakuM 06pazoM, MOKHO TOBOPHUTH O BBICO-
KO FeMOCOBMECTUMOCTH TTOJMMEPHOTO cOPHEHTa.

3akjaoyeHue

B cTeHoBbIX NCIBITAHUSAX TTOKA3aJIU BBICOKYTO
acddexTrBHOCTD yeTpoiicTBa A depon JITIC na ocHo-
Be naHOBaNMoHHoro JIIIC-cenexTnBHOTO MyIBTUMO-
JAJILHOTO cOpOEHTa B OTHOIIECHIH 9JIUMIHAIIIH DHIIO-
TOKCHMHA U3 KPUCTAJJIOUIHOTO pacTBopa. Ha ocHoBe
JIAHHBIX TEeMOTPaMMBbI, CHEKTPO(POTOMETPUUECKOTO
aHa/IM3a KPOBU U CKAHUPYIOIIEH 30HI0BOI MIKPOCKO-
MUY TIPOJIEMOHCTPUPOBAJIN TEMOCOBMECTUMOCTD TIOJTH -
MepHOro copbenTa 1151 (hOPMEHHBIX DJIEMEHTOB KPOBL.

I[TosryueHHble JaHHBIE CBUIETENBCTBYIOT O COPO-
IIMOHHOM KJIMPEHCE BENECTB CPEAHEMOJIEKYIISIPHOTO
IMaasoHa, KIMHUYECKOe 3HaueHre KOToporo Oyaer
YCTaHOBJIEHO B MOCJIEIYIOTINX UCCIET0BAHUSIX.
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