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B 0630pe paccMoTpeHbI cOPOEHTB M MEAUIMHCKIE M3/IeIUS Ha MX OCHOBE, IPUMeHsSeMble B KIMHIYECKON
IPaKTHKE I 9KCTPAKOPIIOPATbHON JAETOKCUKALMK ¢ TIOMOIIBIO MPOIeAypbl TeMocopOimn. IIpeacTaBiensl gamn-
HbIe WCCTeloBaTeNel, CBUETEbCTRYIONIE 00 3P MEKTHBHOCTH TaKOTO MOAXOAA C HEJIbI0 yAANEHIs OaKTeprab-
HbBIX O9HAOTOKCHUHOB, JIMIIOIIPOTEMHOB HHSKOﬁ IIJIOTHOCTH, 6I/I]II/Ipy6I/IHay a TaKyKe IIpU JIeYeHN ayTOI/IMMyHH])IX 3a-
6osieBaruii. OCHOBHOE BHMMAHHUE Y/EJEHO IPUMEHEHUIO IeMOCOPOILUU IIPY JIEYEHUU TSIKEJIOrO Cercuca u
cernrtyeckoro moka. O60CHOBBIBAETCA HEOOXOAUMOCTD PaspabOTKH U IPUMEHEHUS HOBBIX «MYJILTHMOAAIbHBIX>
COpOEHTOB, COYETAIONINX CBOICTBA KaK «CEJIeKTUBHBIX>, TaK U «HeCceJeKTHBHBIX» copbenToB. B 0630pe mpusese-
HbI CBEJICHNUST O KJIMHNYECKOi 9(p(heKTUBHOCTH TeMOCOPOIMN U MOJIEKYIIPHOM B3aMMOJEHCTBUN COPOEHTA C TP~
KyJINPYIOUIUMU MOJIEKYJIaMU, ITATOTEHETUYCCKN 3HAYNMbIMU VIS Pa3BUTUA KPUTUYECKUX COCTOHHI/Iﬁ " TAMXKEJIbIX
sabonesannii. Bubamnorpadus — 137 cepLiok.

Kntoueswvte cosa: zemocopbenm; niasmocopbenm; copoupyrowuil NOIUMEePHbILL MAMEPUAIL; CENCUC; IKCMPAKOP-
nopatvHas mepanusi

The review devoted to sorbents and sorbent-based medical devices used in clinical practice for extracorporeal
detoxification using a hemoperfusion technique. Clinical data have confirmed the effectiveness of this approach for
removal of bacterial endotoxins, low-density lipoproteins, and bilirubin. Other studies demonstrated successful
application of sorbents to treat autoimmune diseases. Special attention is paid to hemoperfusion in as a possible
treatment for severe sepsis and septic shock. The review justifies importance of development and application of
novel multimodal sorbents, which combine both properties of selective and nonselective sorbents. The review dis-
cusses clinical efficacy of hemoperfusion and key molecular interactions between the sorbent and circulating mol-
ecules pathogenetically relevant to developing critical illness and severe diseases. The reference list: 137.
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Cnucok cokpaiieHmii:

IgG — ummynornobynun G; IgM — uMmyHorno0y-
auna M; A/l — aprepuanbroe nasienne; AnAT — ananun-
amuHoTpaHcdepasa; B — GakrepuaibHbIN 9HIOTOKCHH;
E9 — exunnmna snznotokcuna (coorserctsyer 100 nr 59);
MBJI — uckyccrBenHas Bentuisanus jgerkux; UTIHL —

List of Abbreviations:

IgG — immunoglobulin G; IgM — immunoglobulin
M; BP — blood pressure; ALT — alanine aminotransferase;
BE — bacterial endotoxin; EU — endotoxin unit (equal to
100 pg of BE); MV — mechanical ventilation; TSS — toxic
shock syndrome; LDL — low-density lipoproteins; LPS —
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undekinonno-Tokcuueckuit mox; JIINHIT — sunomnpore-
unabl UKol tirotnoctu; JIIIC — nunonosmcaxapun;
YCC — ygacrora cepaeunsix cokpamiennit; O TOK — ake-
TPaKopHopaibHasl TEXHOJOTHS OYUCTKI KPOBU.

BBenenue

TeMocopOIHs SIBJASIETCS COBPEMEHHBIM METO-
JIOM yJaJeHWsT TOKCUYHBIX JITIST KJIETOK OpraHu3Ma
BellecTB M3 KpoBM manueHTa. OCyIIecTBIsSeTCS
mpolle/lypa BHE OpPTaHU3Ma ITyTeM TPOKAYNBAHUS
[IOTOKA KPOBU Yepe3 MaTPOH, 3aIll0JTHEHHBIN COPOeH-
Tom (mporeaypa remorepdysun). Kak mpasuiio,
BeCh 00bEM IUPKYIUPYIOIIEH KPOBH IIPOITYCKAETCs
yepe3 cOpOIMOHHBINA TaTpoH. KpUTHYHBIMU T1apa-
MeTpaMu st JiedebHoi 9(PhHEKTUBHOCTH ABJISIOTCS
U copbenTa, ero 00beM, KOJUYECTBO IOBTOPHBIX
MIPOIle/lyp; OHU WHAWBUAYAJIUIUPYIOTCS B 3aBUCH-
MOCTH OT BBISIBJIEHHBIX TATOJOTUYECKUX Hapylie-
HUI U COCTOSHUS OOJIBHOTO, OIIEHUBAEMOTO B Jie-
yebHOM yupexaennn [1].

[t u3BJeYeHrsT U3 KPOBU HU3KOMOJIEKYJISIP-
HBIX TUAPOGUIBHBIX BENIECTB, TAKUX KaK KpeaTu-
HUH WM MOYEBUHA, C YCIIEXOM NMPUMEHSIETCS TeX-
HUKa Jauannsa. Ee MNpUHIMT OCHOBAaH Ha
[PUMEHEHUN TIOJYTIPOHUI[AEMOT MeMOpaHbl ¢ 1M0-
paMu OIpeeJIEHHOTO AMaMeTpa, CIIOCOOHBIMU TIPO-
MyCKaTh TOJBKO MaJible MOJIEKYJIBI U He MPOITyCcKa-
OII[HE MOJIEKYJIbI ¢ GOJIBIIMM THAPOJUHAMUIECKUM
paguycoM: GeJIKH, TOIMCcaXapy/bl, U APYTHE BbICO-
KOMOJIEKYJISIPHBIE PACTBOPUMbIE KOMITOHEHTBI KPO-
BU. OHAKO METOJ [uajn3a IJIOXO TPUTONEH IS
yAJIeHUsT U3 KPOBU THAPOMOOHBIX MOJIEKYJI, IIPOY-
HO CBSI3BIBAIOIUXCST C aIbOYMUHOM ILJTa3Mbl KPOBH,
a TakKe TOKCHHOB OEJKOBOW HPUPOABI M APYTHX
BBICOKOMOJIEKYJISIPHBIX TOKCUYHBIX BelecTB. [ljis
yAaJleHus] U3 KPOBEHOCHOU CHUCTEMBI BEIIECTB TO-
J00HOro crpoerus ObLId paspaboTaHbl aacopoOIu-
oHHble MeToAbl. IlepBbiMU copOeHTaMU B paHHUE
roJibl GBI MaTepuajibl Ha OCHOBE aKTHBUPOBAHHO-
ro yrJjisi, CHOCOOHBIE YAANSTh PasHOOOPasHbIe TOK-
CUYHBIE MOJIEKYJIBI — dK30TOKCUHBI (SI7IbI), IUTOKU-
HBI, TTPOBOCIAJUTENbHBIE MEIUATOPBI, TPOJAYKTHI
GakTepUaJbHON TIPUPOJBI, a TaKKe, BOSHUKAOIINE
pu pacrajie KjaeTok. dPdekTuBHOCTh W CcIelnu-
buuHOCTH X OBLIA HEBEJIUKA, XOTSI OHU U [TO3BOJISI-
JIA YJISTH TOCTATOYHO MIMPOKWH KPYT TOKCUIHBIX
BelecTB. B mocienyrornine To/bl HaYa I BO3pacTaTh
uHTEepec K pazpaboTke Gojiee CeeKTUBHBIX COPOeH-
TOB, MPU3BAHHBIX U30UPATETBHO YAAISATh MOJIEKY-
JIBI OTIPE/IEJIEHHOTO CTPOEHMUSI, BKJITOYasT TOKCUUHbIE
MeTaboJIUThI, CYIIECTBEHHO HE 3aTparuBasi IMpu
3TOM KM3HEHHO HEOOXOIUMbIE KOMITOHEHTBI KPOBH.
OCHOBHOU MPUHIIUIT CO3aHUST TIOAO0OHBIX MaTepUa-
JIOB 3aKJIIOUAETCST B KOBAJIEHTHOM MMMOOUIU3AIINY
Ha MMOBEPXHOCTH WHEPTHOTO HOCHUTENSI OpraHudec-
KUX MOJIEKYJI-JTUTaH/I0B, 00JIaflalolnX BbICOKOM
ahOUHHOCTHIO K TOKCHMYECKUM MOJIEKYJaM M T0-
3TOMY 00PasyoIINX ¢ HUMHU TIPOYHBIE KOMILIEKCHI.

lipopolysaccharide; HR — heart rate; EBPP — extracor-
poreal blood purification procedure.

Introduction

Hemoperfusion is a modern procedure for
removal of toxic substances from patient's blood.
The procedure is performed outside the body by
pumping blood through a cartridge filled with sor-
bents (hemoperfusion procedure). As a rule, the
whole circulating blood volume passes through the
sorption cartridge. The type of the sorbent, its vol-
ume and the number of repeated procedures are cru-
cial for the therapeutic efficacy; they are selected on
an individual basis depending on diagnosed abnor-
malities and patient's state evaluated in the hospital
setting [1].

Dialysis is successfully applied for removal of
low-molecular-weight hydrophilic substances from
blood, such as creatinine or urea. Its principle is
based on the use of a semipermeable membrane with
pores of a certain diameter, which lets small mole-
cules and does not let molecules with a large hydro-
dynamic radius (proteins, polysaccharides, and other
high-molecular weight soluble blood components)
pass the membrane. However, the dialysis is not
effective enough in removal of hydrophobic mole-
cules, which are strongly bound to plasma albumin,
as well as toxins of protein origin and other high-
molecular toxic substances. Adsorption techniques
were developed for removal of such substances from
the circulatory system. In those early days, there
were activated charcoal-based sorbents, which were
capable of removing various toxic molecules: exotox-
ins (poisons), cytokines, proinflammatory mediators,
bacterial products, and cell disintegration products.
Their efficacy and specificity were low, although
they permitted to remove a relatively wide spectrum
of toxic substances. Next years much attention was
attracted to developing more selective sorbents,
which were to remove molecules of a certain struc-
ture selectively, including toxic metabolites; at that,
vital blood components were not affected. The basic
principle of development of such materials consists
in covalent immobilization on the surface of an inert
carrier of organic ligand molecules with high affinity
to toxic molecules, which, therefore, form strong
complexes with them.

At present, two principal types of sorbents are
used as media for hemoperfusion columns.
Nonselective sorbents represent the first type, and
activated charcoal is its classical representative. It can
absorb many organic compounds simultaneously.
Depending on the pore characteristics, such materials
produce their sorption activities to "medium mole-
cules” (peptides with a molecular weight of 500—5.000
Da) and larger protein molecules whose molecular
weight may reach 10.000—50.000 Da). This class of
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B macrosiiee BpeMsi B KadecTBE OCHOBBI TSI
pas3paboTKi COPOEHTOB MEIUIINHCKOTO HA3HAYEHIIST
HCTIOJIB3YIOTCS COPOEHTHI JIBYX OCHOBHBIX THIOB. K
[EPBOMY TIPUHAJJIEKAT HECETEKTUBHbBIE COPOEHTHI,
KJIACCUYIECKUM IIPEICTABUTENEM KOTOPBIX SBISETCS
AKTUBUPOBaHHBI yrosb. OH criocobeH copOupoBaTh
OJTHOBPEMEHHO MHOTHE OPraHWYECKUEe COEIMHEHMUS.
B saBucumocTu oT 0coOeHHOCTEH TOp, MoA00HbIE
Marepuasbl MPOSIBJISIIOT COPOIMOHHYI0 aKTUBHOCTh
10 OTHOIIEHUIO W K «CPETHUM MOJIeKyJIaMy (TenTH-
bl MOJIEKYJIsIpHO Maccewl ot 500 1o 5000 [Ta), u k 60-
Jiee KPYITHBIM OETKOBBIM MOJTEKYIAM, MOJIEKYJIISIPHbIE
maccebl Kotopbix MoryT gocturatb 10000—50000 [la.
K aromy ke TUIY OTHOCST W TIEJIBII PSIl TIOJUMED-
HBIX copOerToB [2—4]. Ko Bropomy THILY OTHOCSTCS
ceneKTHBHBIE COPOEHTHI. OHU TPEACTABISIIOT OO0t
CHHTETHYECKIE MaTepHasibl ¢ IMMOOUTM30BAaHHBIMU
HA WX TIOBEPXHOCTH JIMTaHAaMK, 00JIaaloI[UMI BbI-
cokoii ah(IHHOCTBIO TIPOTUB YAATSIEMOTO COe/INHe-
HYIST WJTA CJIOKHOT MOJIEKYJTBI, B T. 4. GaKTepHaIbHO-
ro 9HIOTOKCHMHA — JIHMIonoucaxapuma [5—6].
HVcnosib3oBaHue B KauecTBe COPOEHTA OPTAaHUIECKUX
MOJIUMEPOB OTKPBIBAET NMIMPOYAIIIE BOSMOKHOCTH
[0 UX XUMUYECKON MOAU(MDUKAINN C IIEJbI0 TTpua-
HUSI CeJIEKTUBHOCTHU U IPYTUX TPeOYEMBIX CBOMICTB.

Cop06eHTDI, UCTIOMb3yeMble TSI HKCTPAKOPIIO-
PaAJIbHOI OYUCTKU KPOBHU, JIOJZKHBI YIOBJIETBOPSTDH
JIBYyM OCHOBHBIM TpeboBaHUsIM. Bo-TiepBbIX, OHU
JOJEKHBI 9(h(DEKTUBHO U3BJIEKATH 1IEJIEBbIE BENECTBA
13 TeJbHOM KPOBY WJIM TLIA3Mbl, & BO-BTOPBIX, OHU
JIOJKHBI OBITH TeMOCOBMECTUMbBIMU. TePMUH «TeMO-
COBMECTUMOCTb» 0O3HAUYAET, YTO KOHTAKTUPYIOIINIA C
KPOBOTOKOM COPOEHT He BBI3BIBAET CYIIECTBEHHOTO
U3MEHEHUsT cojiepKaHus (POPMEHHBIX 2JIEMEHTOB
KPOBH, HEe aKTUBUPYET KOMIIJIEMEHT, HE BbI3bIBAET
TpoMO00GPA30BAHNS W He HAPYITAeT COCTaB KPOBH
(HampuMep, He M3BJIEKAET HEAOMYCTUMO OOJIbIIne
KoJmdecTBa anbOymuna, nonos K+, Ca2* u np.). Jlo-
BOJIBHO YACTO MCTIOMB3YETCs U Goiee TMUPOKUH Tep-
MUH <«OrocoBMecTUMOCTh>. OH O3HaYaeT crnocob-
HOCTb MaTepHualja BCTPAUBATBCS B OPTAaHU3M
HaleHTa, He BbI3bIBAs MOOOYHBIX KIMHUYECKIX
[IPOSIBJIEHIIT, HO BBITIOJIHSISI B OpraHU3Me HeOOXOH-
Myt0 (GyHKIu. COpOEHTHI JOJKHBI TAaK/Ke BBIAEP-
JKMBATh TOT WJIM UHOIH METOJ[ CTEepUIN3aIiuu Oe3 1mo-
TEPU OCHOBHBIX CBOICTB, JIUIIEHBI TIPUMECU MEJTKUX
YACTHI[ WU CIIOCOGHOCTH TIPOAYIIMPOBATD UX B IIPO-
Iiecce aKCILTyaTalnn.

1. «<Hecneunuduueckue» reMocopOEHTbI

B rabmuie 1 mpuBeseHbl pa3nuuHble <«Hece-
JIEKTUBHBIE> AICOPOEHTHI, NCTTOMB3yEeMbIE B HACTOS-
Tee BPeMs JIJIsT JIEUeHUsI MHPOKOTO CTeKTpa 3a00-
JeBaHuil.

ITo cBOEMY XMMUYECKOMY COCTaBY alCOPOEHTHI
MEIMIIUHCKOrO Ha3HAYeHUs I0/JPas3/ie/idloT Ha TPU
rpymst [12]:

sorbents also includes a number of polymer sorbents
[2—4]. The second class includes selective sorbents.
These are synthetic materials with ligands immobilized
on their surfaces, which have high affinity to the com-
pound or a complex molecule (including a bacterial
endotoxin, lipopolysaccharide) to be removed [5—6].
The use of organic polymers as sorbents open wide per-
spectives for their chemical modification in order to
add selectivity and other required properties.

Sorbents used for extracorporeal blood purifi-
cation should meet two principal criteria. First, they
should extract the target substances from the whole
blood or plasma effectively; and second, they should
be hemocompatible. The term "hemocompatibility"
means that a sorbent which is in contact with the
blood flow does not cause significant changes in the
blood count, activate the complement, cause clot-
ting, and impair the hemogram (e.g., it does not
extract inadmissibly high amounts of albumins, K,
Ca?* ions, etc.). A wider term "biocompatibility” is
also used quite often. It describes the ability of a
material to incorporate into patient's body without
adverse clinical manifestations; at that, it produces a
required function in the body. Sorbents should also
stand this or that sterilization method without losing
its principal properties, be free from small particles or
an ability to produce them during the procedure.

1. Nonspecific Sorbents

Table 1 presents different non-selective adsor-
bents used for treatment of a wide spectrum of dis-
eases at present.

The medical adsorbents may be divided into
three groups according to their chemical composi-
tion [12]:

— activated charcoals;

— synthetic and natural organic polymers;

— non-organic adsorbents.

Activated charcoal is a potent adsorbent with a
surface area up to 2000 m?/g. The term "activated
charcoal” covers a great number of various materials
with different shapes and sizes of granules or fibers,
pore structures, chemical properties of the surface,
mechanical properties, chemical structure, and the
nature of the original material. The charcoal surface
structure depends on the type of polar or ionogenic
functional groups located on it. In general, the
adsorption mechanism of this material is linked to
the ion exchange, hydrogen binding, formation of
surface complexes, molecular adsorption, and
hydrophobic interactions [19]. As a result, this
adsorbent is a universal one and suitable for solving
of a great number of sorption problems; however, its
relatively low selectivity is its major defect, thus lim-
iting its application.

Synthetic organic polymers used for extracorpo-
real treatment techniques are created mainly based on
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Ta6auna 1. Hecnenuduueckue reMocopOeHTsI.
Table 1. Nonspecific hemosorbents.
Name of the application system Manufacturer Composition References
Liver dialysis unit Hemocleanse, Charcoal + Cation-exchange resin [7]
BioLogic-DT, BioLogic DTPF HemoTherapies, USA
Albumin dialysis unit MARS Teraklin, Germany Ino-exchange resin, Activated charcoal [8]

RenalTech
International, USA

BetaSorb

Hydrophilic styrene-divynil benzene copolymer — [9]

Plasorba BR-350 Asahi Medical, Japan

Anion-exchange resin [10]

Hemodialysis system:

SHD, system REDY RenalSolutions, USA Charcoal, non-organic ion-exchange resins [12, 13]
Hemoperfusion system:

Hemosorba CH-350 Asahi Medical, Japan Charcoal [11]
Adsorba 150C, Adsorba 300C Gambro, Sweden [14]
YTS Aier, China (18]
Biocompatible hemoperfusion Clark R&D, Inc., USA [15]
system Clark

Selecta Bellco SpA, Ttaly Charcoal + polystyrene [16]
Detoxification systems based University of Krems, Ton-exchange resin, activated charcoal, [17]

on MDS microspheres Austria

cellulose anion-exchange resin

IIpumevanue. [[us tabann 1—4: Name — nanmenosanue; Manufacturer — npoussoauresn; References — npumepsl mybankanmuii;
Japan — SInonust. Composition — cocras; of the application system — cucrembr npumenenus; Liver dialysis unit — 60k neyeHOUHO-
ro auasnusa; Albumin dialysis unit — amnmapar ampbymunosoro auasnusza; Hemodialysis system — cucrema remoanasiusa;
Hemoperfusion system — cucrema remornepdysnu; Biocompatible hemoperfusion system — 6rnocosmectnmast cucrema remorepdysnu;
Detoxification systems based on MDS microspheres — cucremsl nerokcuxaiuu va Mukpocdepax MDS. Germany — Tepmanust (T0 ke
st tabar. 2, 3); USA — CIIIA, Sweden — IllBenus (1o ke must taba. 3); Italy — Uranus; Austria — Ascrpus; China — Kurai.
Charcoal — npeBecubiii yrosip; Activated charcoal — aktuBuposanusiii yrosb; Ino-, Cation-, Anion- exchange resin(s) — nono-, katu-
OHO-, aHUOHO- oOMeHHast(bie) emosa(bl); Hydrophilic styrene-divynil benzene copolymer — rugpoduiisoBaHHbIi CTUPOJI-AUBUHUII-
GEH30JIbHBIN COTOMIMED; NON-organic — Heopranuveckue; polystyrene — mosmmcrupor; cellulose — mesmonosnast.

— aKTHUBHUPOBAHHbBIE YIJIN;

— CHHTETHYECKHe U HaTypaJbHble OpraHmyec-
KHe MOJIMMEpD;

— HeopraHwyeckue agcopOEHTHL.

AKTUBUPOBAHHBIH YTOJIb SBJISIETCS] MOIITHBIM al-
copOeHTOM ¢ ILI0M@Abio moBepxHoctu 10 2000 m?/r.
TepMuH «aKTUBUPOBAHHBII YTOJIb» OXBaThIBAaeT GOJIb-
I110€ KOJIMIECTBO PA3HOOGPA3HBIX MATEPUATIOB, PA3JIH-
qarornmxcs (opMONl U pa3MepoM TPaHyJl WK BOJIO-
KOH, CTPYKTYpPOH TOp, XNUMHWYECKUMHU CBONCTBAMHU
MTOBEPXHOCTH, MEXaHUYECKUMU CBOMCTBAMH, XUMHUE-
CKOH CTPYKTYPOI U TIPUPOJION UCXOHOTO MaTepuaa.
CrpyKTypa MOBEPXHOCTH aKTUBUPOBAHHOTO YTJIS 3a-
BHCHUT OT BU/IA TIOJISIPHBIX WJIM NOHOTEHHBIX (DyHKITH-
OHAJIBHBIX TPYIII, HAXOSATIMXCS Ha Hell. B 1esiom, me-
XaHM3M aJCOPOIUU [TaHHOTO MaTepHaia CBs3aH C
HMOHHBIM 0OMEHOM, BOJIOPOJIHBIM CBSI3bIBAHHEM, 00pa-
30BaHUEM TTOBEPXHOCTHBIX KOMILJIEKCOB, MOJIEKYJISIP-
HOI ajcopOumeil u ruapoGOOHBIMU B3aUMOIEHCTBYSI-
M [19]. Kax crenctsue, 3TOT  amcopOeHT
MIPEJICTABIISIETCST TPAKTUYECKU YHUBEPCATHHBIM U
[IPUTOHBIM JIJIsT PEIIEeHUsT MHOKECTBA COPOIIOHHBIX
3aj1a4, OTHAKO €r0 CYIIECTBEHHBIM HEIOCTATKOM SIB-
JISIETCSI CPABHUTEIBHO HU3KAS CEJIEKTUBHOCTD, UTO, B
CBOIO OY€pe/lb, HAJaraeT Psifi OTPAaHUYEHWIT Ha €ro
MIPUMEHEHME.

CuHTeTHYeCKre OpTaHWdYecKHe TOJUMEpPHbIe
MaTepHUaJbl, UCIOJb3yeMbIe Ui 9KCTPAKOPIIOPATIh-
HBIX METOJIOB JICUECHUST, TTaBHBIM 00PA30M COB/IA0TCS
Ha OCHOBE CIIUTOTO MOJUCTUPOJA ¢ (HYHKIIMOHAIb-
HbIME TpyTamMu win 6e3 Hux [20]. HedynkunoHa-

cross-linked polystyrene with or without functional
groups [20]. Non-functionalized polymers are nonpo-
lar; they adsorb mainly hydrophobic, organic, dis-
solved components. At the same time, functionalized
polymers act as cation- and anion-exchange resins and
adsorb mainly ionized molecules and ions. Agarous
and cellulose sorbents are also used as matrices for
biospecific and immune adsorbents [12].

The ability of non-organic adsorbents to bind
different ions is important when they are used for
medical purposes. However, non-organic matrices
are significantly inferior to other adsorbents in bio-
compatibility, and they are not used for direct con-
tact with blood [13].

2. Selective Sorbents

Selective sorbents, i.e those which can remove
certain toxicant from the circulation, include sor-
bents with confirmed ability to remove certain
adverse biologically active molecules. At that, the
removal of certain molecules may be based on the fol-
lowing principles:

(a) highly specific affine interactions between a
specific ligand (e.g., an antibody) and a molecule to
be removed (selective sorption); and

(b) various less specific, but sufficiently affine
physico-chemical interactions ("semi-selective
sorption™).

2.1. Sorbents for removal of low-density
lipoproteins. Increased concentrations of choles-
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JIM3UPOBAHHBIE OJIMMEPbHI HEMOJISIPHBI U aICOPOUPY-
0T TIPEUMYIIECTBEHHO IUAPOhoOHbIE OPraHUYECKIe
pacTBOPEHHbIE KOMIIOHEHTHI, B TO BPeMs KakK (hyHK-
[IMOHATN3UPOBAHHbIE TOJUMEPBI AEHCTBYIOT KaK Ka-
THOHO- WJI aHHOHOOOMEHHBIE CMOJIBI U aICOPOUPY-
10T B OCHOBHOM MOHU3UPOBAHHBIE MOJIEKYJIBI U HOHBI.
Takske mprMeHeHHe HAXOSIT arapo3Hble W IIEJLIIO-
JIO3HBIE COPOEHTBHI B KAUECTBE MATPHIL JIJIs1 OUOCTIEIH-
(uuHbIX 1 UMMYHOaACOPOEHTOB [12].

CriocoOHOCTh HEOpPTaHMYECKUX aACOPOEHTOB
CBSI3BIBATD PA3JINYHDIE HOHBI MTPECTABJISIET MHTEPEC
[IPY UCIOJIB30BAHNN UX B MEAUIUHCKUX T1esisix. Of1-
HAKO HEOPTaHUYECKUE MATPUIII 3HAYNTENHHO YCTY-
HAT JAPYTUM ajcopOeHTaM B IIaHe GHOCOBMECTH-
MOCTH U He TIPUMEHSTIOTCS [IJIsI IPSIMOTO KOHTAKTa C
kposbio [13].

2. CejleKTHBHBIE TEMOCOPOEHTDI

K cesleKTHBHBIM, T.€. CIIOCOOHBIM YAJISITh KOH-
KpPETHBIE TOKCHUKAHTBI M3 TOKa KPOBH, MOI'YT OBITh
OTHECEHBI COPOEHTHI € JOKa3aHHOI CIIOCOOHOCTHIO
VIQIATh OIpe/e/IeHHbIE HeKeJIarebHble OMOIOrH-
YecKM aKTHUBHBIE MoJieKyJsbl. [Ipm atom ymanenue
KOHKPETHBIX MOJIEKYJI MOKET OBITh OCHOBAHO Ha:

(a) BeIcOKOCTIEITN(DUIHBIX aHUHHBIX B3aUMO-
JIENCTBUSIX MeXAY criennriecknM Jurangom (Ha-
TIpuMep, aHTUTEJIOM) W yAaJIsieMoi MoJieKysoil (ce-
JIEKTUBHAs COPOIHs), U

(6) Menee crienuUIHBIX, HO JOCTATOYHO ad-
(bUHHBIX, PasHOOOPA3HBIX (PUBUKO-XMMUYECKIX B3a-
UMOEHCTBUAX («IOJIyCEIeKTUBHAS COPOIIHS» ).

2.1. CopOeHnTbl 151 yAaIeHHs! IMIONPOTEHHOB
HU3KOH MIIOTHOCTH. VI3BeCTHO, 9TO MTOBBINIIEHE KOH-
IEHTpAIMN XOJeCTeprHa B aTEPOTeHHBIX aIlOJIUIIO-
nporen B100-comepkanmx JUMONPOTENHAX HU3-
kot motHoctu (JIITHIT) yBenmwumBaer puck
BO3HUKHOBEHUSI CEPIEYHO-COCYANCTBIX 3a00jieBa-
Huil. [Toxokue BUJIbI TUTIEPJIUTTUIEMUN, BEI3BAHHbIE
HasmuueM jieeKkTa B TeHe, KOAMPYIOeM PerenTop
JIITHII, siBnsitoTcs ente ogHOM (hOpMOI HapyIIeHUS
JIUTAAHOTO 0OMeHa. BiiokupoBaHue perenTopa, omo-
cpenytotero augoruto3 JINTHII, mpuBoauT k Hakor-
sennto JIITHII B kpoBu u pasBuTHio THIIEpPIUTINIE-
muu tuna Ila, Koropasg crnocoOCTBYyeT pPasBUTUIO
TSKEJIBIX (DOPM aTepocKJepo3a MW TOCTenyomnen
paHHeH JeTaabHOCTU. KIMHWYECKUI OIBIT MTOKA3HI-
BAET, UTO JIJIst TAKUX OOJIBHBIX JIaske BBEIECHIE MaKCH-
MQJIBHBIX /103 THUMOJUNIHNIEMUYECKUX IpernapaTon
oKa3biBaeTcss Hea(h(PEKTUBHBIM, TTPUYEM HEPEIKU
cJrydan, Kor/la BBeJleHue TpernapaTa HeJIoIyCTUMO TI0
MEUIIMHCKUM TIOKa3aHWsIM. B Takux cuTyarmsax
npuectu obmmuii xonecrepud 1 JITTHIT k HopMaib-
HBIM 3HAYeHUSM BO3MOKHO TOJBKO TIOCPEICTBOM
AKCTpaKkopIiopaitbHoi Tepanuu [21].

Kak 1mokasblBarOT UCCAEOBAHMUSI, CIIOCOOHOCTh
copbeHTOB ¢Bsi3biBaTh aTeporentbie JITTHIT pasym-
4aeTcs B 3aBUCUMOCTH OT TUTIA OYUIaeMoil (husno-

terol in atherogenic apolipoprotein B100-containing
low-density lipoproteins (LDL) are known to
increase the risk of cardiovascular diseases. Similar
types of hyperlipidemia caused by a defect in the
gene encoding the LDL receptor represent another
form of lipid metabolic disorders. The blocking of a
receptor mediating LDL endocytosis leads to accu-
mulation of LDL in blood and development of type
ITa hyperlipidemia, which, in turn, contributes to
development of severe forms of atherosclerosis and
subsequent early mortality. The clinical experience
demonstrates that administration of high doses of
hypolipidemic products is ineffective in such
patients. At that, there cases when administration of
the drug is impossible because of medical contraindi-
cations. In such cases, the extracorporeal therapy is
the only option to restore normal cholesterol and
LDL levels [21].

Studies demonstrated that the ability of sor-
bents to bind atherogenic LDL differed depending on
the type of the physiological fluid to be purified. For
instance, they demonstrated that LDL sorption from
plasma was more effective using Liposorber L,
Liposorber D, LDL Lipopak, and LDL TheraSorb
systems (Table 2) than sorption from the whole blood
using DALI, LDL 300 and LNP 45 systems [21].

Besides, plasmasorbents can regenerate during
the apheresis procedure; therefore, they have virtual-
ly limitless LDL capacity (the capacity is limited
only by the duration procedure). At the same time,
sorbents may be used in one cycle only. For this rea-
son, despite the simplicity and cost-effectiveness of
the hemoperfusion procedure, its effectiveness is
insufficient when used in patients with very high
LDL levels (more than 300 mg/dl) [25].

In general, the comparison of different plasma-
sorbents and sorbents intended for removal of LDL
permits to conclude that the use of antibodies as lig-
ands is the most appropriate option because it
increases the selectivity, biocompatibility, and stabil-
ity of the sorption system [21, 25].

2.2. Sorbents for treatment of autoimmune
diseases. Autoimmune antibodies or antibody-con-
taining immune complexes play a pathogenetic role
in development of different autoimmune diseases
related to primary impairment of the nervous system,
bone, muscular, and connective tissue [26—31].
Therefore, removal of autoantibodies from the circu-
lation is an effective way to treat patients with such
diseases and myasthenia gravis, rheumatoid arthritis,
systemic lupus erythematosus, and others.
Immunoadsorbtion column systems for selective
plasma perfusion or hemoperfusion available for the
clinical use are presented in Table 3 [32—39].

A Japanese company Asahi Medical produces
two types of plasmaperfusion: Immusorba TR and
Immusorba PH. Extraction of immunoglobulins
takes place due to hydrophobic and electrostatic
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Ta6auna 2. Temo- u masmacopOenTsl i yaanenus JIMHIIL.
Table 2. Hemosorbents and plasmasorbents for removal of LDL.
Name of a hemosorbent Manufacturer Matrix Ligand References
Liposorber L Kaneka, Japan Cellulose Dextran sulfate [22]
Liposorber D —
LDL 300 State Scientific Research Institute Cellulose Polyclonal antibodies [21]

of Very Pure Biological Products, against LDL

Federal Medico-Biological Agency,

Russia Cardiological Scientific

and Industrial Complex, Ministry

of Health of Russia
LDL Lipopak POKARD, Russia Agarose Polyclonal antibodies

against LDL

LDL TheraSorb Miltenyi, Germany Agarose [23]
DALI Fresenius, Germany Polyacrylimide Polyacrylates [24]

Ipumeyanue. /s rabaui 2—4: Matrix — marpuiia; Ligand — smrana. of a hemosorbent — remocop6enra; LDL — JIHII; Lipopak —
Jlunonak; Russia — Poccus; State Scientific Research Institute of Very Pure Biological Products — Tocynapcrsennsiit HUM oco6o
yucteix Ouonpenaparos, Federal Medico-Biological Agency — @enepanbhoe meauko-6uomornueckoe arenrcerso; Cardiological
Scientific and Industrial Complex — Kapauosornyeckuii Hay4HO-IPOU3BOACTBEHHbINA KoMmILIeke, Ministry of Health — Munsapas;
POKARD — ITOKAPI; Cellulose — nemmonosa, Agarose — araposa (To ske st Tabur. 3); Polyacrylimide — mosmaxpumamu; Dextran
sulfate — cyabdar nekcrpana (to ke aas tabm 3); Polyclonal antibodies against LDL — moauknoHanbHbie anTuteaa K JIITHII,

Polyacrylates — mosmakpusiaThbl.

JIOTUYECKOH sKUAKOCTH, Tak, MoKasaHo, 4To cOPOIUs
JITTHII 3 rnasMbl ¢ oMotibio cucteM Liposorber L,
Liposorber D, JIHIT Jlunonak 1 LDL TheraSorb
(tabu. 2) 6bita aheKTUBHEE, UeM COPOIHS U3 11EJIb-
HOM KPOBH, MMPOBOAMMAS C UCIOJb30BAHUEM CHUCTEM
DALI, JIHIT 300 u LNP 45 [21].

Kpome Toro, miasmMacopOeHThl ClIOCOOHBI pere-
HEPUPOBATh B TeUeHWE MPOIeayphl adepesa, TaKuM
006paszoM, OHU 006J1aJAI0T IPAKTHYECKI HEOTPAHUYEH-
Hoit emxoctbio 1o JIITTHII (emKrocTh orpanmumBaeTcs
JIVTITB TIPOJIOJIKUTEIbHOCTBIO TTpoTieypbl). B cBoto
ouepejib, TeMOCOPOEHTHI MOTYT OBITh UCIOJb30BaHbBI
JIAITh B OftHOM TuKJie. [1o aToit mpuunne, HECMOTPS
Ha MPOCTOTY W IKOHOMHYHOCTDH IMPOIEAYPHI I'eMO-
copbuun, ee ahHEKTUBHOCTD SBJSETCS HEAOCTATOU-
HOU IIPU UCIIOJIb30BAHUU Y OOJIBHBIX C OY€Hb BBICO-
kuM yposaem JITTHIT (6osee 300 mr/min) [25].

B 1enom, cpaBHeHME Pa3IMIHBIX TJIA3MO- U Te-
MOCOPOEHTOB, TPEJHASHAUYCHHBIX IS  YAQJICHS
JITIHII, no3BoJsisteT caeath BBIBOL O TOM, YTO HC-
MOJIb30BAHKE B KAYECTBE JIMTAHIOB AHTUTEJ SIBIISICTCST
HanboJiee 11e1eco000PasHbIM ITOCKOJIbKY CIIOCOOCTBYET
VBEJIMYECHUIO CEJIEKTUBHOCTH, OMOCOBMECTUMOCTH U
CTabMIBHOCTH COPOITMOHHOMN crcTeMsr [21, 25].

2.2. CopOeHTSHI /IIsl TeYeHNs] Ay TOMMMYHHbBIX
3a0oJieBaHuil. AyTOMMMYHHBIE QHTHUTEIA WJIH CO-
JiepsKalie UX MMMYHHBIE KOMIIJIEKChI UTPAIOT TaTO-
TeHETUYECKYIO POJTb B PA3BUTHH PA3TMUHBIX Ay TOMM-
MYHHBIX 3a00JIeBaHUI, CBSI3AHHBIX C IEPBUYHBIM
TTopakeHneM HEePBHON CHUCTEeMBI, KOCTHOM, MBIIIEY-
HON n coenuHUTENbHON TKaHU [26—31]. IloaTtomy
yAaJeHue ayTOAHTUTEN W3 IUPKYJISIAN SBJSETCS
9 PEKTUBHBIM CIIOCOOOM JledeHrs GONBHBIX € TAKK-
MU 3a60JIeBAaHUSIMU, KaK MUACTEHHsI TPABUC, PEBMa-
TOW/HBIN apTPUT, CUCTEMHAas KpacHas BOJYAHKA W
apyrue. VIMMyHOa1cOpOIIMOHHBIE KOJIOHOYHbIE CHC-

binding between the adsorbent and autoantibodies.
Columns where tryptophan and phenylalanine
amino acids immobilized on the hydrogel basis were
used as ligands were effective in treatment of myas-
thenia gravis, Guillain-Barré syndrome, and Fischer
syndrome [32].

The Kaneka (Japan) produces a plasmasorption
system Selesorb for treatment of the systemic lupus
erythematosus [33]. Dextran sulfate used as a ligand
may be selectively bound to anti-DNA and anti-cardi-
olipin antibodies due to electrostatic interactions [40].

The Cypress Bioscience (USA) Company man-
ufactures a plasma perfusion system called Prosorba.
Protein A from S.aureus bacteria is used as a ligand.
Highly-affine interactions between a ligand and a
IgG fragment permit to extract IgG and circulating
immune complexes selectively. This system under-
went clinical testing for treatment of rheumatoid
arthritis [34, 35].

Protein A is also present as a ligand in a plasma
perfusion system Immunosorba manufactured by a
Swedish Company Excorim. The system is used for
treatment of patients with myasthenia and other
immunopathological disorders [36].

The principle of action of a Japanese column
Medisorba MG with a synthetic protein is based on
the antibody-antibody interaction. The column is
intended for patients with myasthenia [37, 38].

Ig-Therasorb, a column with a similar mecha-
nism of action, manufactured by a German Company
Therasorb Medical Systems contains sheep polyclon-
al antibodies and is a universal treatment option for
patients with different autoimmune diseases [32, 39].

Ig Adsopak, a column produced by a Russian
Company Pokard, should also be mentioned. The
column is based on a plasmasorbent containing poly-
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Ta6mmna 3. TeMo- 1 IIa3MacOPOEHTHI IS JIEYeHHs] Ay TOUMMYHHBIX 3200JI€BaHUIA.
Table 3. Hemosorbents and plasmasorbents for treatment of autoimmune diseases.

Name Manufacturer Matrix Ligand References
Immusorba PH Asahi Medical, Japan Hydrogel PVOH Phenylalanine

Immusorba TR Tryptophan [32]
Selesorb Kaneka, Japan Cellulose Dextran sulfate [33]
Medisorba MG Kuraray, Japan Cellulose Cholinergic receptor 137, 38]
Ig-Therasorb Therasorb Medical Systems, Germany Cellulose Sheep polyclonal antibodies  [39]
Prosorba Cypress Bioscience, USA Silicagel Protein A [34, 35]
Immunosorba Excorim, Sweden Agarose [36]

Ipumeuanue. Hydrogel PVOH — rugporens I[IBC; Silicagel — cusnmkaresns; Phenylalanine — dennnananum; Tryptophan — tpumnro-
(an; Cholinergic receptor — xosmuopenentop; Sheep polyclonal antibodies — mosmknoHanpHbIE aHTHTETA OBelr; Protein — Genok.

TEMBI JIJIS CEJIEKTUBHON TIIa3Mo- WU TemMoriepdy-
3UH, TOCTYITHBIE JIJIST KIMHUIECKOTO UCTIOTb30BAHUS
npejcraBiieHsl B Tabr. 3 [32—39].

SInonckas komnanus Asahi Medical npezara-
€T JIBa THWIa KOJOHOK JJis riagMonepdysum —
Immusorba TR u Immusorba PH. WsBieuyeHue mm-
MYHOTJIOOYJIMHOB ITPOMCXO/INT 3a CYeT THAPOGOOHO-
TO U AJIEKTPOCTATUYECKOTO CBI3BIBAHUS MEKIY ajl-
copbeHTOM 1 ayToaHTUTeaMu. KOJIOHKH, B KOTOPBIX
B KauecTBe JINTAH/IOB HA TH/POTEJIEBOI OCHOBE M-
MOOUJTM30BAaHbI AMUHOKIC/IOTHI TPUIITO(AH ¥ (heHM-
JIAJIAHWH, YCIENTHO WMCIIOJb30BATUCH IS JieUeHUSs
MUACTeHUN TpaBuc, cuaapoMa Initena-bappe n cun-
npova Qumrepa [32].

Komnanust Kaneka (SIionust) BbilycKaer 1ias-
MocopOInoHHyI0 crcteMy Selesorb st reuenust cu-
creMHOI kpacnoii Bosyanku [33]. Mcnosnb3yemblil B
KauecTBe JIMTaHAA CyJbdar JeKcTpaHa CeTeKTUBHO
cBa3biBaeTcs ¢ antutenamu K JJHK u kapanonnmnm-
Hy Osrarofiapsi 3JI€KTPOCTATUYECKUM B3aUMOJEHCT-
BusiM [40].

®upma Cypress Bioscience (CIIA) pacmoma-
raetT CHUCTeMOW TMiazmMorepdysun 1o Ha3BaHWEM
Prosorba. B kauecTBe Jiurania ucrmosibayercst GeIok
A (Protein A) Gaxrepuii S.aureus. Boicokoaddun-
HOE B3aMMOJIENICTBUE MEXKILY JIUTAHIOM U (hparMeH-
ToM 1gG mo3BosioT cenekTuBHO u3BJeKarth [gG n
[UPKYJIUPYIONINE UMMYHHBbIE KOMILIEKCHI. JlaHHas
crcteMa OblTa YCIIEITHO KIMHUYECKH allpoOupoBaHa
[IpY JIeYeHU N PEBMATOUIHOTO apTpuTa |34, 35].

Besox A taxike mpucyTcTByeT B BHUjE JUTAH/A
B cucreMe 1maazmornepdysun Immunosorba miem-
ckoil kommanuu Excorim, ucrosibdyemoit s jede-
HUs1 GOJIBHBIX C MHACTEHUEH W IPYTUMHU MMMYHOIIA-
TOJIOTHUECKUMU 3a00steBanusiMu [36].

B ocHOBe gelicTBUS SMOHCKOW KOJOHKH
Medisorba MG ¢ cunTeTnueckum 6eJIKOM B KauecT-
Be JIMTAaH/A JIEKUT B3aMMOJIECTBAE aHTUTEH-aHTH-
tesio. KosloHKa npesHasHayeHa aJist OOJIbHBIX, CTpa-
Jaronmx muacrenueit [37, 38].

KosoHka ¢ aHaJOTUYHBIM TIPUHITUIIOM JI€HCT-
Busi Ig-Therasorb memerkoit xommanuu Therasorb
Medical Systems comepsKuT JHUTaHI — ITOJUKJIO-
HaJbHbIE AHTUTEJA OBEIl W SIBJISETCS YHWBEPCAJh-

clonal antibodies against human IgG. Spherical
granules of the matrix containing antibodies have an
ability to pass human plasma and bind immunoglob-
ulins G (IgG 1, IgG 2, IgG 3, IgG 4), immunoglobu-
lin M (IgM), and immune complexes. All other plas-
ma components return to patient's circulation. The
labeled capacity of the Ig Adsopak® 200 column is
equal to 3.6—4.0 g of immunoglobulins. The use of
these columns permits to remove up to 30 g of
immunoglobulins per procedure; at that, the concen-
tration of all other plasma components is not affect-
ed [41]. Technical characteristics of the column
demonstrate its good therapeutic potential, which
should be confirmed in clinical trials.

2.3. Sorbents for removal of bilirubin.
Bilirubin is a product of gem-containing protein
catabolism. It is toxic for mitochondria at high
concentrations, thus leading to disorders in the
central nervous system [42]. It has been demon-
strated that the endoplasmic reticulum stress (ER
stress) led to inflammatory reactions and apoptot-
ic death of neurons under the effect of excessive
bilirubin concentrations [43]. Recent studies
demonstrate high neurotoxicity of high bilirubin
concentrations, at least, for nervous system cells
including brain cells [44—45]. Numerous studies
evaluating the relevance of excessive bilirubin con-
centrations for impairment of nervous system func-
tions in newborns (especially, in the event of
preterm delivery) keep drawing attention of many
clinicians worldwide [46—49]. There are some
reports on the relevance of hyperbilirubinemia in
the postnatal period for hearing impairment in
countries with insufficient economic resources
[50]. These findings confirm the toxic effect of high
bilirubin concentrations, at least, on the most sen-
sitive sphere: immature nervous system of new-
borns. There is not enough evidence confirming
hypersensitivity of other patient populations with
an increased risk of antioxidant protection failure
(the elderly, critical states, post-septic patients) to
the neurotoxic effect of bilirubin.

Different liver diseases, such as biliary cirrho-
sis, liver cirrhosis, fulminant hepatitis, toxic hepati-
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HBIM CPEJICTBOM JieueHUst GOJIbHBIX € PasiMYHbIMU
AyTOMMMYHHBIMI 3a60meBanmsivu [32, 39].

Cremyer OTMETHTD OTE€UECTBEHHYIO Pa3paboTKy
kommanm HITD Tlokapx — xomonky Ig Adsopak
(Poccus). OcHOBY KOJIOHKH COCTaBJISIET TIJIa3MOCOP-
GeHT, cofep kAN TOMUKIOHATHHbIE AHTUTENA TIPO-
tnB [gG mnasmel kpoBu uesoBeka. Cdepuueckne
TPAHyJIbI MATPUIIBI, COMEPIKAIINE AHTUTENA, 00TaIa-
10T CMTOCOGHOCTHIO TIPOTTYCKATD TIa3My KPOBHU YeJio-
BeKa, cBsa3biBast Bce mmmyHormobyannsr G (IgG 1,
IgG 2, IgG 3, IgG 4), a Takike UMMYHOTTIOOyTHH M
(IgM) u ummynnble KoMmiLlekcbl. Bce ocraibHble
KOMTIOHEHTBI TIJIa3MBI BO3BPAIIAIOTCSI B KPOBOTOK
ranuenTa. 3asBJIeHHas eMKOCTh KOJOHKN 1g Agmco-
mak® 200 cocrasisier 3,6—4,0 rpaMM IMMYHOTJIO0Y -
JUHOB. lIpnMeHeHMe MaHHBIX KOJOHOK ITO3BOJISET
yaaaaTh 10 30 T UIMMYHOTJIOGYTMHOB 32 TIPOTIEAYPY,
IIPA 3TOM KOHIIEHTPAIMSI BCEX OCTAJIBHBIX KOMIIO-
HEHTOB Tma3Mbl He MeHsiercs [41]. Texuuyeckwue
JTAaHHbIe KOJIOHKU CBH/IETETBCTBYIOT O XOPOIIEM Te-
PaTIeBTHYECKOM MOTEHTINAE, KOTOPBIH TOJIKEH OBITH
BePUMUITIPOBAH B KIMHIMYECKIX HCCIETOBAHNIX.

2.3. CopOeHnTbl i ynajeHus: OuiupyOuHa.
Bunupy6us — TPOAYKT KaTaboim3Ma TeM-ComepsKa-
mux 6eTKOoB. B OueHb BLICOKMX KOHIEHTPAIUSIX OH
TOKCHYEH JIJISI MUTOXOH/IPUIA, UTO, B IEPBYIO OUEPE/Ib,
puBOANT K HapyireHussM Ha yposae [LTHC [42]. ITo-
KAa3aHO, YTO BO3HUKATOIIHNIT TIOJT BO3/IEHCTBIEM M30bI-
TOYHBIX KOHIEHTPAIMH OMIMpyOuHa CTpecc JHI0-
mrasmatndeckoit cetm (ER cTpecc) mpuBommm x
IIPOBOCTIAIUTEIBHBIM PEaKINsAM U allONTOTHYECKOMH
rubesn HeiipoHoB [43]. HepaBHue ucciieoBaHust CBH-
JIeTeJIbCTBYIOT B TIOJTb3Y BBICOKOH HEHPOTOKCIYHOCTH
BBICOKOTO COIEPyKAHNS OUIUpyOnHa, o KpaiHel Me-
pe, IS KJIeTOK HEePBHOM CHCTEMBI, BKIIOUAsT KJIETKH
Mo3ra [44—45]. MuoroducienHbie MCCIeI0BAHS,
MOCBSIIIIEHHbIE 3HAUYEHUIO U30BITOYHBIX KOHIIEHTPA-
it GuanpyOuHa 1T HapyieHns: (GyHKIMOHIPOBa-
HYIsSI HEDBHOMN CHCTEMBI Y HOBOPOKIEHHBIX (B 0COOEH-
HOCTH — TIPU TIPEK/IEBPEMEHHOM POZIOpPa3pPeIIeHNN ),
CETONHS CHOBA IIPUBJIEKAOT BHUMAaHNe MHOTHX KJIHU-
nunuctoB B mupe [46—49]. Ilogasiaioresa oraenbble
COOOIIEHUST W O 3HAYECHUM TUIEPOUINPYOMHEMUN B
MOCTHATATIBHOM TIEPHO/IE TIPU PA3BUTHH PACCTPOICTB
cilyXa B CTpaHaX C HEOCTATOUYHOCTHIO 9KOHOMIYeEC-
kux pecypcos [50]. Bee ato cBUIETENBCTBYET B 110JIH-
3y TOKCHYECKOTO JIEHCTBHS BBICOKUX KOHIIEHTPAIHI
OuimpyOuHa, 1o KpaiiHell Mepe, Ha HanboJee TyBCT-
BUTEJIBHYTO chepy — He3peIyIo HEPBHYIO CHCTEMY HO-
BOopok/JIeHHBIX. [loka HeT mocTaToyHOI /TOKa3aTesb-
HOU 6a3bl, CBUAETENBCTBYIONIEH O MOBBINIEHHOI
YYBCTBUTEJIBHOCTH K HEHPOTOKCUIECKOMY HEHCTBUIO
OuMpyOMHA APYTUX IPYII OOJBHBIX C TIOBBIIIEHHBIM
PHICKOM HETOCTATOUHOCTY aHTHOKCHIAHTHOM 3aIIThI
(cTapyecknit BO3pacT, KpUTUIECKHE COCTOSTHUS, TTIOCT-
cenTmyeckue GOTBHLIE).

Pasmunnie 3a607€BaHUS TTEYEHH, TaKue Kak
[EPBUYHBIN OWJIMAPHBII [UPPO3, MUPPO3 IEUYEHH,

tis, viral hepatitis, postoperative hepatitis and other
diseases are associated with hyperbilirubinemia.
Being a biomarker of liver impairment severity, its
pathogenetic relevance for these diseases is still
unclear. Besides, a medium increase in the bilirubin
concentration is considered a part of a protective
response in diseases associated with the oxidizing
stress; it is also linked to its ability to suppress the
immune system, inhibit protein phosphorylation and
modulate signal cascades, first of all, in vascular
endothelium [51]. However, too high bilirubin con-
centrations are obviously toxic for body cells, and
removal of bilirubin using specific sorbents might
improve the course of different diseases associated
with extra amount of bilirubin in circulation.
However, removal of both bilirubin and unidentified
toxic substances associated with bilirubin increase in
blood could be the actual reason of improvement of
clinical parameters after the sorption.

The excess of bilirubin is known to bound to
albumin easily thus contributing to bilirubin elimi-
nation. Therefore, plasma or albumin transfusion is a
widely applied method of treatment of conditions
associated with hyperbilirubinemia. However, in this
case, there is a risk of viral infections and hypersensi-
tivity. Dialysis against albumin solution is another
high-tech detoxification technique. MARS [52],
SPAD [53], and Prometheus [54] are examples of
such systems. However, this technique has its short-
comings, and its wide application is limited, first of
all, by its high price.

Japanese adsorption columns Plasorba BR-350
(Asahi Medical) [55] and Medisorba BL-300
(Kuraray) [56] were proposed as a perspective alter-
native. Positively charged quaternary ammonium
salt serves as a ligand in these systems which permits
to capture bilirubin which has a negative charge on
carboxylic groups. However, this ligand has a rela-
tively low selectivity. Hydroxyethyl methacrylate
coating improving the selectivity was applied onto
the Medisorba BL-300 adsorbent in order to
decrease the non-specific sorption. Characteristics of
plasmasorbents decreasing bilirubin blood levels are
presented in Table 4 [55, 56].

The effectiveness of sorption for decreasing biliru-
bin blood levels has been confirmed in clinical trials
[55]. However, it should be noted, that these columns
extract not more than 30—50% of bilirubin per proce-
dure; at that, their volume is quite great: 300—350 ml.

2.4. Sorbents for treatment of sepsis. A
number of studies demonstrated that hemoperfu-
sion through special adsorbents stabilized the state
of patients with sepsis [57—60]. Clinical trials
demonstrated the potential of sorption columns for
removal/decrease in blood of bacterial endotoxins
(BE) — lipopolysaccharides (LPS), cytokines
involved in the pathogenesis of sepsis, microorgan-
isms, and WBCs from blood [58—60].

OBINAA PEAHMUMATOAOTI M, 2016, 12; 6

www.reanimatology.com

89



90

Reviews
[ |

DOI:10.15360,/1813-9779-2016-6-82-107

(byTbMUHAHTHBIN TenaTUT, TOKCUYECKWI TenaTuT,
BUPYCHBIN TEMATUT, TIOCIEONEPATMOHHDBIN TETaTUT 1
IPYTHE ACCOIMUPYIOTCS € TUIEPOMINPYOMHEMHEI.
Bunpy6u siByisteTcst 6OMapKepOM TSKECTH Topa-
JKeHust QYHKIIUN TT€YEHH, HO €T0 ITaTOT€HETHIeCKOe
3HAUEHVE [IJIsI [IePEUNCIIEHHbBIX 3a00JIeBaHUI ocTaeT-
cs1 10/ BOIIPOCOM 10 cux 1op. bosiee Toro, cpesrue
3HAYEHVS [TOBbIIIEHUS YPOBHS OUIMPYOHHA paccMa-
TPUBAIOTCS KaK YaCTh MPOTEKTHBHOTO OTBETA TP 3a-
60JIeBAHUSX, aCCOIMUPOBAHHBIX C OKUCJIUTEIBHBIM
CTPECCOM, U CBSI3BIBAIOTCS C €70 CITOCOOHOCTHIO TO-
JIaBJSATh MMMYHHYIO CHCTeMY, MHrHOMpoBaTh (oc-
dopusmpoBate GEJIKOB ¥ MOLYJIUPOBATH CUTHAJb-
Hble KacCKaj/bl, B IIEPBYIO OYEPedb B IHIOTENUN
cocynioB [51]. OgHaKo CAMITKOM BBICOKNE 3HAYEHUE
O6unpy6OuHa, BUAMMO, AEHCTBUTEIBHO TOKCHYHBI
IS KIIETOK OPTaHU3Ma, TIOTOMY 4TO y/aageHie Ouim-
pyOuHa crieruuIecKuMU cCOpOEHTAMI TPUBOIUIIO K
VIYYIIEHNIo TedeHnsT pasHbix 3aboseBanuii. Bpo-
yeM, yaaJieHre BMecTe ¢ GUInpyOHHOM HEU3BECTHBIX
TOKCHYECKHUX BEIIECTB HA CAMOM JieJie MOTJIO OBbITh
UCTUHHO TIPUYUHON yIydIIeHUs KIMHUIECKUX T10-
KasareJieil ocJie Takoi copoimu.

M3BecTHO, uTO M30BITOK OHIMPYOUHA JIETKO CBSI-
3bIBAETCSl ANbOYMITHOM, YTO CIIOCOGCTBYET BbIBEIE-
HUO OMMpyOrHa 13 opraHuaMa. 110aToMy pacrpoct-
PaHEHHBIM  METOJIOM  JiedeHHs]  OOJIBHBIX €
3a60I€BAHUSIME, COTTPOBOKAAIOTMMICS THTTEPOTLITH-
pyOrHeMUEH, SBJISIeTCsT TIepeIMBaHIe MJIasMbl JIHOO
pactBopa ampOymuna. OMHAKO B 9TOM CJIyYae BO3HHU-
KaeT PUCK BUPYCHOM MHMEKITNHN HIIN PA3BUTHUS TUTIEP-
YyBCTBUTEJNHHOCTH. JPyTHM, BEICOKOTEXHOIOTUYHBIM
€oco60OM JIETOKCHKAITN OPTAHM3Ma, SIBIISIETCST JTa-
JIM3 MPOTUB pacTBopa aabOymuHa. IIpumepamu 1mo-
nobubix cuctem simstiorest MARS [52], SPAD [53] u
Prometheus [54]. OxHako JaHHDLINT METOM He JIMIIEH
HEJJOCTATKOB, HO B IEPBYIO OYEPE/IH €0 IIMPOKOE TIPH-
MeHeHHe OTPAHNYEHO BBICOKOH TTeHOM.

B kauecTBe MEPCIEKTUBHON aJIbTepHATHBBI Obl-
JIV TIPEJIOJKEHDT SITTOHCKIE afCOPOITMOHHBIE KOJTOH-
ki Plasorba BR-350 (Asahi Medical) [55] u
Medisorba BL-300 (Kuraray) [56]. Jluraux B gaH-
HBIX CHCTEMaX IMPEACTaBJISIeT COOOH MOJOKUTENbHO
3apSUKEHHYIO YeTBEPTUYHYIO COJIb aMMOHUS, KOTO-
past mo3BoJIsieT 3(D(PEKTUBHO 3aXBaThIBATh OWJIUPY-
OVH, UMEOIINI OTPUIATEIBHBIN 3apsii Ha KapOOK-
cuibHBIX rpynnax. OAHAKO TOT JuraHa obJagaer
CPaBHUTEIBHO HU3KOW cesieKTUBHOCTBIO. C 11esbio
CHUKeHUS Hecnenn(puueckoid copOuumu Ha aacop-
6ent Medisorba BL-300 HaHeceHO TOKPBITHE U3 TH-
JPOKCUITUIMETAKPUIATA, CIIOCOOCTBYIONIEE MOBDI-
HIEHTIO CEeJIEKTUBHOCTH. XapakTepucTuku
MIa3MOCOPOEHTOB, CHIKAIONTIX YPOBHU OMIHPYOH-
Ha B KPOBH, MpejicTaBieHbl B Tabie 4 [55, 56].

IddexTuBHOCTD COPOLMMU I CHUIKEHUS
YPOBHsT OUIMPYOHHA B KPOBHU MMOKA3aHA B KJIMHUYEC-
Kux uccaepoBanusax [55]. Oxpmako ciemyer mpu-
3HATh, YTO JaHHble KOJOHKW W3BJIEKAOT He GoJee

2.4.1 Toraymyxin. At present, several hemoper-
fusion columns are used in clinical practice world-
wide. Historically, the Toraymyxin™ column (Toray
Medical Co., Ltd Japan) was the first column for
extracorporeal therapy of sepsis. It had been used in
Japan for treatment of sepsis since 1994 [61]. In
2014, these columns were used for treatment of more
than 100,000 patients with sepsis with low incidence
of adverse effects (less than 1%) [63]. The cartridge
is constructed as follows: polymyxin B is covalently
immobilized in threads from polystyrene/polyethyl-
ene, thus permitting to remove BE selectively avoid-
ing elution of ligand. Immobilization is carried out
due to a reaction with the amino group of a
diaminobutyric acid fragment [64]; at that, polymyx-
in B concentration is 5 mg per 1 g of polystyrene [5,
65]. The company web-site specifies the column
parameters: the volume is 135 ml, and the sorbent
weight is 56 g; it is sterilized by pressurized super-
heated vapor; the flow rate is 80—120 ml/min (opti-
mal flow rate: 100 ml/min); the run time is 2 h [66].

The mechanism of action of the device includes
the removal of BE [67—71]; at that, proinflammato-
ry cytokine/factors (IL-6, HMGB1, sRAGE) blood
levels also decrease [72—74]. The column permitted
to remove up to 64,000 ng (64,000 EU) of BE from
bovine plasma per hemoperfusion procedure [68, 69].
In a clinical setting, the IL-6 level was reduced by
2.5-fold in patients within 24 hours after stating the
procedure [75].

The effectiveness of the column was tested in
vivo in dogs for treatment of E.coli-induced sepsis. It
has been demonstrated that the survival of animals
after hemoperfusion increased from 12.5% to 83%
[76]. There were reports on phase II clinical trials
with Toraymyxin™ (70 patients in the study group
vs. 33 patients receiving standard therapy in the ref-
erence group). It was noted that a two-week survival
rate in the Toraymyxin™ was equal to 54.1% vs.
36.4% in the reference group (P<0.05) [77]. The sub-
sequent phase IIT of the clinical trial has no purpose
to evaluate the survival rate of patients; attention
was paid to evaluation of BE and cytokine concen-
trations changes [78, 79]. 1 425 patients participated
in 28 trials; 978 patients underwent extracorporeal
therapy using Toraymyxin™ cartridges, 447 patients
received conventional therapy [79]. Most studies
were performed in Japan. Principal parameters of
treatment effectiveness using Toraymyxin™ are pre-
sented in Table 5 (according to [77, 80—102]).

A multicenter randomized trial of the extra-
corporeal treatment of sepsis using Toraymyxin™ in
European countries started only in 2005. First tri-
als were performed in 35 patients with severe
abdominal infections (17 subjects in the
Toraymyxin™ group and 18 subjects in the refer-
ence group). It was demonstrated that hemody-
namic and cardiac function parameters improved in
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Tabmuua 4. IlnazamacopOeHTs! i yaaneHus: GuipyouHa.
Table 4. Plasmasorbents for removal of bilirubin.
Name Manufacturer Matrix Ligand References

Plasorba BR-350

Asahi Medical, Japan Styrene/divynil benzene copolymer

Quaternary salt of ammonium

[55]

Medisorba BL-300  Kuraray, Japan

Styrene/divynil benzene copolymer

Quaternary salt of ammonium
and hydroxyethyl methacrylate coating [56]

Ipumevanue. Hydrogel PVOH — runporeas ITIBC; Silicagel — cunukarens; Phenylalanine — ¢pennmananun; Tryptophan — tpunro-
(an; Cholinergic receptor — xomunopenenrtop; Sheep polyclonal antibodies — nosmkaonanbibie anturena osely; Protein — 6enok.

30—50% Gupy6rHa 3a OfHY TIPOLEAYPY, IPUA 9TOM
ux o6beM JocTaTouHo Beuk: 300—350 mur.

2.4. CopOenrbl AJs Jedyenus cencuca. B psje
HCCJIeIOBAHUH TTOKA3aHO, YTO MCIOJIb30BAHNE JIETOK-
CHKAI[MOHHOI TeMOCOPOIINH CTAOIIM3HPOBATIO COCTO-
stare GoMbHBIX Tipu cemncuce [57—60]. Kaumnaeckie
HCCJIEIOBAHMSI BBISIBUJIM OTEHIIAAT COPOIIMOHHBIX
KOJIOHOK JIJIsT YIaJIeHUsT U3 KPOBU GOJIBHOTO GakTepu-
IbHBIX 9HAOTOKCHHOB (BJ) — numonosnmcaxapuaos
(JITIC), ygacTByIOIMX B MATOTeHE3€ CETICHCa ITMTOKN-
HOB, MUKPOOPTaHU3MOB, JIeHKOIuTOB | 58—60)].

2.4.1 Toraymyxin. Ha HacTOSAUN MOMEHT B
KJIMHWYECKON TPAKTUKE HCIOJb3YETCS HECKOJIBKO
KOJIOHOK JIJISI TeMOCOPOIINE KaK OTEYeCTBEHHOTO, TaK
U UMITOPTHOTO TTPOM3BoicTBa. MlcToprudecku mepBoii
KOJIOHKOI JIJIs1 9KCTPAKOPIIOPAJIBLHON TEPAITUU CETICH-
ca sistiercss Toraymyxin™ (Toray Medical Co., Ltd
Amonus), kotopas mpuMeHseTcs B AMOHNN 1S JTe-
yenusg cercuca ¢ 1994 roga [61]. K 2014 r. B Mupe atu
KOJIOHKU OBLIM HCIIOJb30BaHbI TIPK JieueHuu GoJiee
100 000 GOJBHBIX € CENICUCOM C HIU3KON YacTOTOMN He-
GaaronpusaTHeIX addexToB (MeHee 1%) [63]. Kapt-
PHIIK ITOCTPOEH CIIEAYIONUM 06PasoM: TIOJTUMUKCHH-
B KoBaJeHTHO HUMMOOWMJIM30BAaH Ha HUTSAX U3
MTOJIUCTUPOJIA/TIONIUATUIIEHA, YTO TO3BOJISIET CeJeK-
TUBHO yIAJsATh B W Mpu 3TOM He TPOUCXOIUT BbI-
MBIBaHUsT TuraHaa. VIMMOOUIHN3AIHST OCYIECTBIISET-
cs1 Oaromapsi peakiuy MeKAy aMUHOTPYIIION
(parmenTa auamMunoMacssAHON Kuciaorbl [64]; npu
9TOM cojiep:Katne ToJIMMUKCHHa-B cocraBisier 5 Mr
ua 1 r mosmcrupoda |5, 65]. Ha caiite komnanuu yka-
3aHBI TAPaMETPhI KOJIOHKH: 06beM — 135 M1, Bec cop-
GeHra — 56 T, cTepUIM3AIs — MEPErPEThIM MapOM
o7 aBJeHuEeM, cKOpocTh Toka — 80—120 mur/mMun
(ontumanbHO — 100 Ma/MUH), BpeMs TIPOTIe/LypPhI Te-
Mocopbiu — 2 4 [66].

Mexanusm JeiicTBUs yCTPOHCTBA 3aKII09aeTCs
B ymamenun B [67—71], mpu atom Habiomaercs
CHUKEHWE COJIEPKAHUS B KDOBU U ITPOBOCTIAJIUTEh-
weix nurtoknHoB: 1L-6, HMGB1, sRAGE [72—-74].
Kosonka 1mo3Bosisiia yIaisTh myTeM reMornepdys3un
10 64000 nr (640000 ED) BD u3 Oblubeil 11a3mbl
[68, 69]. [Ipu aTom Yepe3 cyTKHU 1TOCTe TPUMEHEHUS
KOJIOHKH y GOJIbHBIX cojepskanue IL-6 cHUKaIoch B
2,5 pasa [75].

IDPEeKTUBHOCTD UCIOIb30BAHNS KOJTOHKH Obl-
JIa MCcCIeloBata TakkKe 1 in vivo Ha cobakax st Jie-
yenus: E.coli-unmynupoBaHHoro cercrica. Bblio mo-

the Toraymyxin™ group, however, the survival rate
did not differ significantly in both groups on Day
28. There was also no visible decrease in LPS con-
centration in the Toraymyxin™ group [94]. Then,
there was a multicenter trial in Ttaly in patients
with septic shock caused by abdominal infections
after surgical interventions (64 subjects: 34 —
Toraymyxin™group, 30 — reference group) [107].
This study demonstrated a greater effectiveness of
treatment with Toraymyxin™ as compared to the
standard therapy according to the following crite-
ria: increased BP, decreased vasopressor support,
relieved multiple organ failure (according to the
SOFA scale), and increased overall survival on Day
28. However, a number of authors criticized the
study design [108, 109]. It should be noted, that the
trial was discontinued pretermly for ethical reasons
because of the difference in the mortality rate
between the two groups.

A number of studies specifying the mechanism of
operation of the Toraymyxin™ column was performed,
however, the results were to a considerable extent
inconsistent [94, 110—113]. Nevertheless, clinical
results demonstrated that the most significant effect
of Toraymyxin™ was evident in septic shock patients
accompanied by systemic inflammatory reaction
[114]. However, the insufficient sample did not pro-
vide clear evidence for precise recommendations.

It should be noted, that no advantages of
Toraymyxin™ over the standard treatment could be
found in several studies. In a study [115] performed
in Japan in one hospital in 2006—2012, 10 lethal out-
comes were registered in a group of 16 patients with
septic shock caused by Gram-negative bacteria and
hematological disorders; this mortality rate was con-
sidered as unusually high. Therefore, the authors
concluded that the hematological disorders repre-
sented contraindications for the wuse of
Toraymyxin™. Another clinical study [116] seems
quite promising. Despite a decrease in the BE con-
centration on the average by 74.4% after the treat-
ment with Toraymyxin™, the mortality rate was rel-
atively high (47%). At that, even removal of 98.8% of
LPS did not result in patient's recovery in one case.

Therefore, researches anticipate results of new
expanded clinical trials, which are intended to specify
the actual effectiveness of treatment of severe sepsis
and septic shock using polymyxin-containing columns
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Ta6muua 5. Uccnenosanue addexrusnoctu repanun Toraymyxin™.
Table 5. Studies of the effectiveness of treatment using Toraymyxin™ .

The number of studies
(the number of subjects)

Mean values during the extracorporeal therapy using
Toraymyxin™ (or standard therapy)

Test parameter

Mortality' 15 (920) 33.5% (61.5%)

LPS concentration 17 (455) decrease by 21.2 pg/ml

Median BP 12 (275) increase by 19 mmHg

Required dose of vasopressors® 4 (96) decrease by 1.8 pg/kg/min

Pa0,/FiO, 7 (151) increase by 32

Note. ' — The mortality rate was assessed on Days 14 [76], 28 [80, 82, 87,91—93], 30 [79, 83—84], and 60 [86]. In a number of cases,
the day when this parameter has been assessed remains unspecified [81, 85, 88, 90]. * — Dopamine/dobutamine.

Ipumeuanue. ' — CmeprHoCcTh otteHuBasu Ha 14-i [76], 28-11 [80, 82, 87, 91—93], 30-ii [79, 83—84] u 60-ii neun [86]. B psize cayyae
He SICHO, B KaKOW IeproJ BpeMeHu olleHen aanublii mapamerp [81,85, 88, 90]. * — lodamun/mobyramun. Test parameter —
uccnenyembiii napamerp; The number of studies (the number of subjects) — kommuectBo nccresosanmii (qucno nanueHtos); Mean
values during the extracorporeal therapy using Toraymyxin™ (or standard therapy) — cpentee snayenue napamerpa Ipu IpoBeAeHUN
HKCTPAKOPIOPATBHON Tepannu ¢ uenoabzoparrem Toraymyxin™ (uiau crangaptHoro Jedens ); Mortality — cmeprrocts; LPS con-
centration — conepsxkanue JITIC; Median BP — cpennee AJT; Required dose of vasopressors — tpebyemast 103a Basonpeccopa; decrease

by — ymenbIenue Ha; increase by — yBennuenue Ha.

Ka3aHO, UTO BBIKMBAEMOCTD JKHBOTHBIX IIOCTE TIPO-
BEJIEHUN TPOTIEAYPHI TEMOCOPOIINHU MTOBBICUIACH C
12,5 10 83% [76]. Coobranoch o poBeseHUN (haszbl
Il kaMHWYECKWX WCHBITAHUNA C HMCHOJIb30BAHUEM
Toraymyxin™ (70 GOJbHBIX IPOTHB T'PYIINbI CPaB-
HeHnnst — 33 GOJBHBIX, MOJTYYABIINX CTAHAAPTHOE
Jgeyenne). OTMedeHo, 4TO IByXHe/le/IbHas BblKUBa-
emoctb B rpynie Toraymyxin™ cocraBuia 54,1%
npotuB 36,4% B KouTposbHOU Tpymie (p<0,05)
[77]. B nmocaenyromeii daze I11 kmmHnyeckux mnc-
IBITAHNI He CTaBUJIACh 3ajada OIeHUTh BBUKIBAe-
MOCTDH TAI[MEHTOB, BHUMaHWE Y/EIATI0Ch OIleHKe
n3MeHeHus KoHIeHTparuu B3O u murokuHoB [78,
79]. B 28 uccnenoBanusix mpunsiio ydactue 1425
yesioBek, 978 Mosydnsan aKCTPaKOPIOPATBHYIO Te-
pamnio ¢ WCHOJh30BaHMEM  KapTpPUIKei
Toraymyxin™, 447 — KOHBEHLMAJbHYIO Tepaluio
[79]. BoapmuHCTBO ncciaeroBaHWN TPOBEIEHO B
Anonmu. OcHoBHBIE TOKazateaun 3(HGEKTUBHOCTH
Tepanuu ¢ nomolpio Toraymyxin™ npuseseHbl B
tabmure 5 (1o ganHbv [77, 80—102]).
MysbTHIIEHTPOBOE PAaHIOMU3UPOBAHHOE HC-
cjie/loBalye 9KCTPAKOPIIOPAJILHOM Tepanuu celcuca
¢ nomornipio Toraymyxin™ B eBpomelcKNX CcTpaHax
nagasoch jmmb B 2005 1. IlepBbie mcciemoBanust
[POBOIUIIN HA 33 MAIIMEHTAX C TSIKEJIBIMU HHDEKIH-
ssmu GpiomHoit mosoct (17 dYenmoBex B TpyTme
Toraymyxin™ un 18 — B KoHTpoJIbHON TpyTITIEe). BbI-
JI0 TIOKa3aHo, 4To B TpyTe Toraymyxin™ y 60TbHBIX
VIAYUIMIAI0TCS (DYHKIINN TeMOIUHAMUKY U CEePAeTHOI
JlesITeJIbHOCTH, OJJHAKO BBIKMBAeMOCTh Ha 28-11 JileHb
B 00€UX TPYMIax CTATHCTUIECKN 3HAYNMO HE OTJIH-
yasack. Taxke He OTMEYEHO 3aMETHOIO CHUIKEHUS
koutmentparmu  JIIIC B rTpymnme OGOJBHBIX ¢
Toraymyxin™ [94]. 3arem GbLJIO TPOBEXEHO MYJIBTH-
IIEHTPOBOE Hccie0BaHNe B VITaamy Ha maluenTax ¢
CENTUYECKUM TIMOKOM, BBI3BAHHBIM WHQEKIUIMU
GPIOITHOI TIOMOCTH TIOCTE XUPYPIUUECKOTO BMETIIa-
TesiberBa (64 yesoseka: 34 — rpymna Toraymyxin™,

for extracorporeal application. One of these studies ini-
tiated in 2010 will be completed in the USA in July,
2017 (Safety and Efficacy of Polymyxin B
Hemoperfusion (PMX) for Septic Shock —
EUPHRATES) [117]. The first results of another
study performed in Europe (EUPHAS 2) in 57 centers
with participation of 357 patients (305 of them had
septic shock) will be published in December, 2016
[118]. The analysis of patient's register hospitalized
with sepsis or septic shock over the period of 5 years
(2010—2014) demonstrated that despite prescription
of extracorporeal hemoperfusion using the PMX-HP
column (1 or 2 cycles), the 28-day survival rate was
low and equal to 54.5% (47.5% in lung infection and
60.4% in abdominal infection). Only in patients with
significant improvement of cardiovascular symptoms
after extracorporeal hemoperfusion, the survival rate
was relatively high (75% vs. 39% in patients without
improvement of cardiovascular symptoms after the
procedure). No serious life-threatening complications
were registered. As for the mortality rate, the results
complied with the studies demonstrated a 48.7% hos-
pital mortality rate due to septic shock in France and a
44% mortality rate in Asian countries over the same
period of time [119, 120]. The 28-day mortality rate in
patients with septic shock in abdominal infections esti-
mated in the EUPHAS 2 study (64.5%) complied with
that in earlier EUPHAS (68%) studies. Therefore, the
trial did not demonstrate any difference in the survival
rate as compared to other patient cohorts with diag-
nosed severe infectious complications. As a matter of
fact, the study design was not intended to perform a
comprehensive analysis of the effect of hemoperfusion
using polymyxin-containing columns on the patient's
survival rate. This analysis is expected within the
frames of the EUPHRATES study, whose results are to
be published during the second half of 2017.

Since clinical data on the use of this column in
severe sepsis and septic shock are contradictory, atten-

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 6



DOI:10.15360,/1813-9779-2016-6-82-107

O63opm

30 — xonTpoapHag rpynma) [107]. Jarnroe nuccaeno-
BaHME BBISIBUIIO OOMBITYIO 3(h(hEKTUBHOCTD JIETEHST
¢ ucnosib3oBanneM Toraymyxin™ 1Mo cpaBHEHUIO CO
CTaHAAPTHOH Tepamueil Mo CIeAYIONNM TIPU3HAKAM:
noBbimienne AJl, cHUKeHNe Ba30TPEcCOPHON TOJ-
JIePsKKH, YMEHBIEeHUe ITTOJNOPTaHHON Hel0CTaTou-
Hoctu (1o mkase SOFA) u yBennuenue o01ieil BbI-
sKuBaeMocTn Ha 28-e cyTkn. O1HaKo y psijia aBTOPOB
JTAaHHOE WCCJIe/IOBaHNE BBI3BATIO KPUTHIECKUE 3aMe-
YaHWS K OPTaHU3AIUN MPOBECHUS WCCIIeJOBAaHUI
[108, 109]. Caenyer oT™MeTUTh, UTO HCCJIEOBAHNE
OBIJIO OCTAHOBJIEHO PAHbIIEe HAMEUEHHOTO CPOKa TI0
TUYECKUM COOOPAKEHVSIM M3-32 PA3HUIIBI B CMEPT-
HOCTHU B JIBYX I'PyTITIax.

Bein mpoBenien psz miccae[oBaHMI, HallpaBJIeH-
HBIX Ha YTOYHEHNE MeXaHW3Ma JEHCTBHUS KOJOHKH
Toraymyxin™, ogHako pe3yJ/ibTaTbl, B 3HaYUTEIbHON
Mepe okazanuch nporuBopeunBbiMu [94, 110—113].
Brpouem, KIHIYECKIE Pe3yJIbTaThl TIO3BOJISIIN T10-
Jlarath, 4T0 HauOOJBIIHIA 2(dEKT IpU TPUMEHEHUN
Toraymyxin™ MOKeT GBITH TOCTUTHYT, €CJTH TTPUMe-
HSETCS C TeJTHI0 TTPEAOTBPAIIEHST PA3BUTHS HAnbO0-
Jiee OIIaCHOI'0 OCJIOKHEHUSI — CEITUYECKOIo 1I0Ka Y
GOJIBHBIX C CHCTEMHOI BOCIAJUTEIbHON peakIeit
[114], omHako siBHAST HEIOCTATOYHOCTh pa3Mepa BbI-
GOPKU He TIO3BOJINIIA ABATH YETKHE PEKOMEHTAITH.

Criemyer OTMETHTD, UTO B HECKOJIBKUX MCCIIE0-
BaHUSIX He YIAT0Ch OOHAPY/KUTD TIPENMYIIECTBA TIPHU-
MeHeHus1 Toraymyxin™ miepes; cTaHZIAPTHBIM JIeUeHN-
em. B uccaenosanuu [115], mposenentiom B Sltonun B
pamkax oxnHoro crairoHapa B 2006—2012 rr, u3 16
MAIMEHTOB € CENITUYECKUM IIOKOM, BbI3BAHHBIM I'Da-
MOTPUTIATETEHBIMUA  GAKTEPHSIMHU, ¥ T€MATOJOTHYEC-
KUMU HapymieHusiMu, Habmonanoch 10 meTambHbx
HCXOJIOB, YTO SIBUJIOCH HEOOBIYHO BHICOKMM TTOKa3aTe-
siem. [ToaToMy aBTOpaMu OBLIT CI€TaH BBIBOJ, UTO TTPO-
6JIEeMBI  TEMATOJIOTHIECKOTO XapaKTepa SIBISTIOTCS
MTPOTHUBONIOKa3aHneM K Teparu Toraymyxin™. Yme-
PEHHO OOHAIEKUBAIONINM CIEyeT TPU3HATDL MCCITe-
nosanue [116]. HecmoTpst Ha cHMKeHue KOHIIEHTPa-
min B3O B cpemHem Ha 74,4% Tmocie TIPOBENEHUS
Tepanuu Toraymyxin™, cMepTHOCTb OKasaslachb J0-
BOJIBHO BBICOKOI — 47%. IIpu atom paske ynasneHue
98,8% JITIC He nMpuBEJIO K BBI3IOPOBIEHUIO OOJIBHOTO
B O7IHOM CJIydae.

[ToaToMy cTOB OXMTAEMBI PE3YIIBTATHI TPOBO-
JSTIAXCS HOBBIX PACHIUPEHHBIX KJIWHUYECKUX HC-
CJIeIOBaHU, TTPU3BAHHBIX MPOSICHUTH MOJTUHHYTO
3 GEKTUBHOCTD JIEYEHNS TSKEJIOTO CETICHCca 1 Cell-
TUYECKOTO IMIOKA C ITOMOTIBIO MOJNMUKCHH-COZIEP-
JKALIMX KOJOHOK JJIsl 9KCTPAKOPIOPAJbHOIO HC-
mosib30BaHuA. OIHO M3 TaKWX MYJBTHIIEHTPOBBIX
KJIMHUYECKIX MccenoBannii, Hauatoe B8 2010 1, Gy-
net 3akomueno B mioe 2017 r. 8 CIITA (Safety and
Efficacy of Polymyxin B Hemoperfusion (PMX) for
Septic Shock — EUPHRATES [117]. Ilepssie pe-
3YJIBTATHl JIPYTOTO WCCIEIOBAHUS, TTPOBOANMOTO B
Esporie (EUPHAS 2) ¢ yuactrem 57 1IeHTPOB U OX-

tion should be paid to the time of column application.
As a rule, they were used relatively early, within the
first 24 hours after admission of patients in the ICU. In
particular, this was done in the EUPHAS 2 study.
Only in one study published less than 6 months ago,
even more early timeframes for the onset of extracor-
poreal hemoperfusion using polymyxin-containing
columns were specified. For instance, in a limited study
in Japan (47 patients) demonstrated that the mortali-
ty rate in the group of patients who underwent hemo-
perfusion within the first 8 hours after prescription of
vasopressors (catecholamines) was nearly thrice as low
as that in the group of patients who underwent hemo-
perfusion later (15.4% vs. 42.8%, P=0.03, n=23 u n=24,
respectively) [121]. At that, the groups did not differ in
subjects’ age, sex, APACHE IT and SOFA scores, infec-
tion location (lungs, abdomen, urogenital system,
mediastinum, blood), and isolated microorganisms (E.
coli, P. aeruginosa, K. pneumonia, Enterobacter spp.).
The two patient groups who underwent hemoperfu-
sion (early procedure or later procedure) differed sig-
nificantly in the time passed from administration of
cathecholamines to admission in the ICU (1.8 h vs. 9.9
h, P=0.0004), and the time from admission to the ICU
to the beginning of hemoperfusion (4 h vs. 13.1 h,
P=0.0001) [121]. Therefore, the time factor (decision
making — beginning of the procedure) is crucial for
determining the clinical efficacy of column hemoperfu-
sion. Of course, a limited sample deteriorate the value
of the conclusions of this small, simple, but promising
study; it seems reasonable to continue it in other cen-
ters, including those in Russia.

2.4.2 LPS Adsorber. At present, there are other
hemoperfusion  columns in  addition to
Toraymyxin™, which are adapted for treatment of
septic patients. First, LPS Adsorber column should
be mentioned (Alteco Medical AB, Sweden). Its
basic principle is removal of LPS, therefore LPS
Adsorber, as well as Toraymyxin™ is suitable for
treatment of sepsis caused by Gram-negative bacte-
ria. The device consists of a frame filled with poly-
ethylene plates on which an LOS-specific protein
was immobilized. There are insufficient data on its
clinical application, but there is a number of reports
on its successful use [122, 123].

2.4.3 oXiris. The Gambro Lundia AB Company
presented another interesting solution for treatment
of sepsis: an 0Xiris™ hemofilter, which is intended for
removal of highly molecular compounds, in particu-
lar, BE. Membranes oXiris™ are constructed as fol-
lows. A well-known dialysis membrane AN69 was
used as a basis; it consists of poly(acrylonitrile-co-
sodium methallyl sulfonate) [124], therefore, it con-
tains no negatively charged sulfonate groups on its
surface. A polyethyleneimine layer was applied onto
the AN69 membrane; the layer firmly attached to the
membrane due to electrostatic interactions. Heparin
serves as an external layer, which provides membrane
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BaTuBiIero 357 6osbHbIX (13 HUX 305 GOJBHBIX C
CENTUYECKUM IIOKOM), OIyOJUKOBaHbI B JeKabpe
2016 r. [118]. Aranmm3 perncrpa MaMeHToOB, TOCIN-
TaM3UPOBaHHBIX B Teyenwue 5 et (2010—2014 rr.)
Uy KOTOPBIX OBLIO BBISIBIEHO COCTOSIHIE TSIKEIOTO
CeTicrca UM CeNTUYeCKOro 10Ka, BBISIBUI, UTO, He-
CMOTPST Ha Ha3HAUeHHNe dKCTPAKOPIOPAIbHON reMo-
copbumu ¢ ucrnospsoBanreM Kook PMX-HP (1
nim 2 1uKia), 28-1HeBHas BBIKMBAEMOCTh OCTaBa-
Jach HU3KOM — 54,5% (47,5% tipu wHbeEKIUn Jer-
kux u 60,4% npu abaoMuHaIbHON MH(OEKIUN).
ToJIbKO BBIKMBAEMOCTH GOJIBHBIX, Y KOTOPBIX OBLIO
BBISIBJIEHO 3HAUUTEJbHOE YJydllleHWe MoKasaTeJsen
CO CTOPOHBI CEPIEYHO-COCYIUCTON CUCTEMBI TOCJIe
9KCTPAKOPIOPaIbHOI remMocopbiiuu, Oblia JocTa-
TOYHO BBICOKON — 75% (1o cpaBHeHnio ¢ 39-mpo-
[EHTHON BBKMBAEMOCTHIO GOJIbHBIX O€3 YIIyUIIeH st
(byHKIIMU cepieyHO-COCYINCTON CUCTEMBI TOCJe
MIPOBe/IEHUS TIPOIeAyphl). HUKaKuX cepbe3HbIxX Oc-
JIOKHEHUI, YTPOKAOMINX KU3HU OOJIBHOTO, BBISIB-
JieHo He ObLT0. IT0 TOKasaTesNo JIETAIbHOCTH pe-
3yJIBTAaTbl  COOTBETCTBOBAJU  MCCJEOBAHUSM,
BBIABUBINNX 48,7-TIPOIEHTHYI0 TOCTUTAJIBHYIO Je-
TAJIBHOCTD OT cenTudeckoro moka Bo Mpaniun u
44-TIPOIIEHTHYIO JIETAIBHOCTD B a3MATCKUX CTPaHaXx
B TOT e mepuoj Bpemenn [119, 120]. Yposens 28-
JTHEBHOM JIETAJIbHOCTH TAIMEHTOB C CENTHYECKUM
[IOKOM IIPU abIOMUHATIBHBIX MHPEKIMIX, BHISBJICH-
ubrii B uccaenosannn EUPHAS 2 (64,5%), cooTseT-
CTBOBAJI TAKOBOMY IIpU O0JIee PaHHIX UCCJIeI0OBaHM-
ax EUPHAS (68%). Takum 06pa3oM, [IPOBOIUMOE
uccaeoBaHue He BBISSBUJIO PA3HUIIBI 110 BbIKUBae-
MOCTH TTAIIUEHTOB IPU CPABHEHUU C [PYTUMH KOTOP-
TaMU TAIMEHTOB C BBISBICHHBIMU TSKEJIBIMU WH-
(bexknmonubiMu  ocyokHeHUsIMU.  [IpaBna, cam
XapakTep MCCIeA0BaHUs M3HAYAIbHO He ObLI Mpejl-
Ha3HaveH /7151 MOJTHOIIEHHOTO aHAIn3a BJINSHUS Te-
MOCOPOIIMHU ¢ UCIOJIb30BAHNE KOJOHKH € TIOJTMMUK-
CUHOM Ha BBIKHMBAEMOCTb TAIlMEeHTOB. Takoro
ananusa xayT ot uccaegosanuss EUPHRATES, pe-
3YJIBTaThl KOTOPOTO OYAYT AOCTYITHBI BO BTOPOII 1M0-
sosuHe 2017 1.

B cBsi3W ¢ TPOTUBOPEYNBOCTHIO KIMHUYECKUX
JIAHHBIX B OTHONIEHUW HCIIOJB30BAaHUS JIAHHOHW KO-
JIOHKH TIPU TSKEJIOM CETICHCe W CeITUYeCKOM IIOKE,
cieyer o0paTUTh BHUMAaHUE HA BPEMsI HCIIOJIb30Ba-
HUe KoJIOHOK. Kak mpaBuiio, X cTapajauch MUCHOJIb-
30BaTh JIOCTATOYHO PAHO — B TE€UEHUE MTEPBBIX CYTOK
ocJie MOCTYTIIEHUS TTAIIUEHTOB B OT/eJIEHUS HHTEH-
CUBHOTO JiedeHus1. B gacTHOCTH, Tak OBLIO B MCCJIe-
nosanun EUPHAS 2. Tosbko B 0lHOM HCCJ€EIOBa-
HUHM, ONyOJMKOBAaHHOM MeEHee TIOJIyroja Hasall,
HCIIOJIb30BAJIK ellle Oojiee YeTKHE PaHHKME BPEMEH-
Hble KPUTEPUU TIPU HA3HAUEHUU HKCTPAKOPIIOPATH-
HOHU TeMOCOPOIMHY € MCIIOIb30BAHUEM MOJTMMUKCHH-
cofiep:Kalnx KOJOHOK. Tak, B OrpaHMYEeHHOM
uccaenoBanun B JdnoHun (47 nanueHToB) OBLIO 1MO-
Ka3aHo, YTO MOKa3aTesb JIeTAJIbHOCTA B TPYIIIIe

hemocompatibility [125]. Polyethyleneimine partici-
pates in the BE adsorption due to positively charged
amino groups and can interact with LPS phosphates.
Polyethyleneimine can extract BE from plasma
almost as effectively as polymyxin B [126]. According
to manufacturer's data, the capacity of one cartridge
is more than 13,000 EU for the bovine blood contam-
inated with BE, which is significantly less than for
the Toraymyxin™ (640,000 EU). The dynamics of
adsorption of BE and clinically relevant cytokines are
presented on the company website figures [66, 125].

Clinical trials with the oXiris™ hemofilter were
carried out (25 patients). No significant adverse
events were registered; however, there were no data
on the treatment efficacy. In vivo sepsis model test-
ing was performed in pigs having 35 kg in weight and
infected with P. aeruginosa. Hemofiltration using a
ANG69 membrane was performed as a reference thera-
py. In general, hemodynamic parameters improved
and BE blood level decreased. However, no signifi-
cant changes in the cytokine levels were observed,
except IL-18, whose level decreased during the use of
oXiris™ [125]. A clinical trial of oXiris™ was per-
formed in Hong Kong recently. Sixty-two patients
with acute renal insufficiency and clinically con-
firmed sepsis (a complication of an infectious disease
caused by Gram-negative bacteria) were enrolled in
the study. It demonstrated that hemofiltration low-
ered median SOFA scoring significantly as compared
to the reference group. The mortality rate was the
same in both groups [127]. Further clinical trials will
permit to verify the effectiveness of 0Xiris™ in treat-
ment of sepsis and to determine patient groups and
hemofiltration conditions which will allow to deter-
mine all clinical criteria for sepsis therapy to the
greatest extent.

2.4.4 Diethylaminoethyl cellulose-based sor-
bents. Diethylaminoethyl cellulose (DEAE-cellu-
lose) is another sorbent used for removal of BE from
plasma of patients with sepsis (15 patients) [128].
Decreased LPS, cytokine (IL-6), C-reactive protein,
and fibrinogen plasma levels were registered. At that,
no significant adverse events were observed; however,
there were no improvement in patients' state accord-
ing to the state assessment scale (APACHE 1II), HR,
BP, and body temperature. The mortality rate was
26.7% on Day 28. The authors consider their find-
ings moderately encouraging; however, there are not
enough data to conclude on the effectiveness of the
proposed treatment option for sepsis.

2.4.5 Liposorb. Novel sorbents are developing in
Russia and CIS for treatment of sepsis by hemoperfu-
sion. First, a Byelorussian invention Liposorb should
be mentioned. Liposorb was made based on hemo-
compatible polyacrylamide hydrogel with covalently
cross-linked polymyxin B/colistin included in the
original mass-exchange unit. No decreases in blood
corpuscle counts and hemoglobin level, as well as sig-
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GOJIbHBIX, KOTOPBIM TIPOBOJMIN FeMOCOPOIIHIO B Te-
yeHue MePBBIX 8 YacoB TOCe Ha3HAYEHMS Ba3OIpec-
copoB (KaTexoJaMIHbI), ObLT TIOYTH B 3 pasa HUIKE,
4yeM B TPYIIIe MalueHTOB, KOTOPHIM ITPOBOINJIN Te-
mocopbiuio nosxe (15.4% uporus 42.8%, p=0,03,
n=23 n n=24, coorsercrsenno) [121]. IIpu arom
TPYTIIIBI He Pa3JIUJasiCch 1O BO3PACTY, O, TOKa3a-
tensm APACHE II u SOFA, nokanuzannu nHbeEK-
uu (Jierkue, abaoMuHaIbHast 00J1aCTh, MOYe-TI0JI0-
Basg CUCTEMa, CPENOCTEHUE, KPOBb), BBIETEHHBIM
mukpoopranuamaM (E. coli, P. aeruginosa, K. pneumo-
nia, Enterobacter spp.). JlaHHBIE [BE TPYIIIIbI AIUEH-
TOB, KOTOPBIM IPOBOAWINA TeMOCOPOINIo (paHHSI
poteypa uin 6oJjiee TO3AHS TIPOIEAyPa), 3HAUM-
TEJTHHO OTJINIATUCH TOJBKO 10 BpEMEHH, TIPOIIe/IIie-
MY OT BBEJIEHUS KaTEXOJAMUHOB /IO MOCTYTIIEHUS B
nasaTy naTeHcuBHOTO Jedenns (1,8 yaca mpotus 9,9
yacoB, p=0,0004), a Tak:ke BpeMeHH, MTPOTIEIIEM OT
MOCTYTIJIEHUS] B TAJaTy WHTEHCUBHOTO JIEYEHUS /10
Hayasa Ipoleaypa remocopbin (4 vaca HPOTUB
13,1 waca, p=0,0001) [121]. Takum o6paszom, parrop
BpPEMEHMW: IPUHSTHE PENTeHMs-HAauaJI0 TTPOTIe/LyPbl —
SIBUJICSI CAMBIM CYIIECTBEHHBIM (haKTOPOM [IJIsI BbI-
SIBJIEHUST CTOJIb 3HAYMMOTO 3hPeKTa KOJOHOUHO Te-
Mocop6unu. EcTecTBEHHO, OrpaHUYeHHOCTh BBIOOP-
KU CHWXKAIOT I[EHHOCTHh BbIBOJIOB, HO HE yMAJISIOT
JOCTOMHCTB 3TOTO HEOOJIBIIIOT0, HECJIOKHOTO M CTOJIb
MEPCIIEKTUBHOTO UCCIIEIOBAHMS, KOTOPOE MPe/ICTaB-
JISIETCST 11e1eCO0OPAa3HBIM MIPOIOJIKATD B IPYTUX [IEH-
Tpax, B TOM uncJye B Poccun.

24.2 LPS Adsorber. Tlomumo Toraymyxin™ nHa
CETOJHSNIHUIA JIeHb CYIIECTBYIOT U JAPYTHE KOJOHKH
IUISE TeMOCOPOIINH, aAalTUPOBAHHBIC JJISI JI€UCHUST
cenTuyeckux GOJIbHBIX. B 1epByto ouepeib, ciaemayer
yrmomstyTh LPS Adsorber (Alteco Medical AB,
[MTsenust). OCHOBHON TPUHITUIT PabOThI — yAaJECHUE
JITIC, moatomy LPS Adsorber Tak ke, kak u
Toraymyxin™ npurojen sl JiedeHUsl CellCuca, Bbl-
3BaHHOTO TPAMOTPHIATETbHBIMU OGAKTEPUSIMU. YCT-
POICTBO COCTOMT U3 KOPITYCa, 3aTI0JTHEHHOTO TLIACTH-
HAMU W3 OJUITIICHA, Ha KOTOPbIe IMMOOUIN30BaH
JITIC-criennuueckuii 6e0K. JJaHHbBIX 110 KIUHIIEC-
KOMY HCITOJIb30BAHUIO HA HACTOSIIUN MOMEHT HAKO-
[TUJIOCH TIOKA HEJOCTATOYHO, HO €CThb s/l COOOIIEHNI
06 yemermHom pumenernn [ 122, 123].

2.4.3 oXiris. Komnanusgs Gambro Lundia AB
MIpe/ICTaBUIA Ha PHIHOK ellle 0JJHO MHTePeCHOoe pere-
HUe JJIsT JiedeHus cercuca — reModuiasrp oXiris™,
KOTOPBII TIpeIHa3Hau€eH JIJIs YIaJTeHUsI BLICOKOMOJIe-
KYJISIDHBIX COeIMHEHMIT, B yacTHocTH, BI. MembGpa-
HbI 0Xiris™ mocTpoeHsl cireaytomum odpazoM. B ka-
YecTBe OCHOBBI UCTIOTh30BaHA N3BECTHAS TUATM3HAS
memOpana AN69 npezacrasisionas coboi monn(ax-
PUJIOHUTPUJI-CO-HATPUS METAJJIUI  CyTb(oHaT)
[124], nosToMy OHa COLEPKUT OTPULATENILHO 3aps-
JKEHHbBIE CYJIb(OHATHBIE TPYIIbI HA TTOBEPXHOCTH.
Ha memGpany AN69 HaHeceH C10ii O TUICHIMU-
Ha, KOTOPBIN TIPOYHO YAEPKIBaeTCsT Ha MeMOpaHe 3a

nificant changes in lipid peroxidation parameters,
blood coagulation system, and aggregating properties
of RBC and platelets were observed during its use
[129]. In addition, in vivo studies demonstrated that
Liposorb had a satisfactory sorption capacity in rela-
tion to E. coli, which became apparent in relieving
endotoxin shock symptoms and severe hemodynamic
disorders after introduction of sorbent-pretreated BE
test dose to rabbits [130].

A clinical trial of the sorbent was performed to
determine the effectiveness of treatment of patients
diagnosed with a septic shock [131]. Hemoperfusion
significantly improved the patient's condition and
course of the infection. An increase of overall periph-
eral vascular resistance in the form of increased max-
imum and minimal BP was a relevant sign of positive
effects of the hemoperfusion. Positive hemodynamic
changes led to reduction of doses of drugs providing
the increase of the peripheral vascular tone and
stroke volume. Along with these changes, almost all
patients in this group experienced gradual relief of
tachycardia during hemoperfusion. Repeated hemo-
perfusion permitted to switch patients to the auxil-
iary ventilation mode with further discontinuation
of MV (83% of cases). The clinical effect of hemop-
erfusion using anti-lipopolysaccharide sorbent
Liposorb was observed in the form of a significant
increase of hourly urine output from 2510 ml/h to
45%10 ml/h. In 22 patients, severe hemodynamic
disorder persisted despite the reduction of doses of
drugs providing the increase of the peripheral vascu-
lar tone; therefore, this procedure was to be repeated
several times (6-8 procedures). In 4 patients, the
complex therapy according to the proposed scheme
proved to be ineffective, and they died as clinical
manifestations of the multiple organ failure wors-
ened [131]. Therefore, the mortality rate related to
this sorption method was only 13.8. A small size of
the main patient group does not permit drawing con-
clusions. However, the obtained results demonstrate
that Liposorb is a promising sorbent to be further
tested as an adjuvant in clinical setting in patients
with severe sepsis/septic shock.

2.4.6 Sferocell $80. Sferocell S80 belongs to the
other group of sorbents. It was developed in the State
Scientific Research Institute of Especially Purified
Biological Products (Saint Petersburg). According to
its chemical characteristics, Sferocell S80 is cellulose-
based macroporous microspheres with hydrophobic
ligands attached to the surface, i.e. unlike most well-
known products (Toraymyxin™, oXiris, Liposorb), in
this case, interactions between lipid-A fragment is
determined mainly by hydrophobic interactions, but
not by electrostatic force [132]. Only results of an in
vitro trials of the sorbent have been known to date.
The maximum sorbent capacity in relation to LPS
against albumin solution is more than 37,000 ng/ml
of sorbent; protein loss does not exceed 5%; hyper-
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cUueT 3JEKTPOCTAaTUUEeCKUX B3amMoseiicTBuii. Ha-
PY/KHBIM CJIOEM SIBJISIETCS TelapuH, KOTOPBII obec-
MeYnBaeT TeMOCOBMECTUMOCTL MeMGpanbl [125]. B
ajgcopbunu B yyacTByeTr MONMATUIIEHUMUH, KOTO-
PBIIi 32 CYET TOJOXKUTENBHO 3apPsyKEHHBIX aMUHO-
IpyIIl crocobeH B3anMozeiicTBoBaTh ¢ (dochaTamu
JITIC. TMonwsTrieHUMIH criocobeH usBjekath B
13 TIJTa3Mbl PAKTUYECKU TakKe 3 (PEeKTUBHO, KaK U
nosumukcu B [126]. ITo ganubiM 11pousBopuTeis,
€MKOCTh OJIHOTO KapTpHKa COCTaBjsieT Gojee
13000 ED mist Gbrubeil KpoBH, 3arpsisHeHHON BI,
YTO 3aMETHO MeHbIe, 4YeM [ KOJOHKHU
Toraymyxin™ (640000 EJ). Tunamuka aacopOuuu
B9 u KIMHNYECKN 3HAYNMBIX IIUTOKUHOB TIPEICTAB-
JIEHBI Ha PUCYHKaX caiita koMmmauuu |66, 125].

g remoduiasrpa oXiris™ ObLid IPOBEJEHDI
KJInHuYecKkue wucciepoBanus (25 marumenton). He
ObLIO OTMEYEHO 3HAYUMBIX TOGOYHBIX 9P HEKTOB, O/1-
HaKo /IaHHble 110 3(h(PeKTUBHOCTU Teparuu OTCYTCT-
BoBaJsiu. VcribiTanus in 0ivo Ha MOZIENU cercrca ObLIn
MIPOBEJIEHBI JIJIsT CBUHEH Macchl 35 KT, 3apa’KeHHBIX
cuHerHolHOH nanmoukoit (P. aeruginosa). B xayectse
Tepanuy CPaBHEHUS TPOBOIMIIACH TeMO(DUIBTPAITUS
Ha MemGpare AN69. B merom wabmomanocsh yiuyd-
nieHue MapamMeTpoB TeMOJAWHAMUKW, CHYXKEHUE
yposast B B KpoBu. OHaKO He HabGJIOIAI0Ch 3HA-
YUMOTO U3MEHEHUS] YPOBHS IIUTOKWHOB, 32 MCKJIO-
yenneM [L-1f3, ypoBeHb KOTOPOTO CHIKAJICS TPHU
npoBenenun tepanuu oXiris™ [125]. HenaBuee
KJIWHUYECKoe nccaeaoBanme oXiris™ mMpoBOANIOCH
B Tonr-Kownre. B nccienosanne sriounan 62 maiu-
€HTa C OCTPOH MOYEeYHON HE0CTATOUHOCTHIO U KJIN-
HUYECKU JIOKA3aHHBIM CEICUCcOM (OCJIOKHEHWe WH-
(exmmonnoro 3a60JIeBaHMS, BBI3BAHHOTO
rpaMoTpHIaTebHbIMK OakTepusiMu ). BoLTo mokasa-
HO, 4TO TeMO(UIbTPAIUS JOCTOBEPHO CHU3UJIA
cpenee 3Hauenne nokasaresss SOFA o cpaBHeHnO
C TPyIIoii cpaBHeHust. JleTalbHOCTh B 00EUX TPYII-
max Obima ogmHakoBoit [127]. JomomHuTembHbie
KJIMHUYECKUE MCCIE0OBAHNS MTO3BOJISAT BEPU(UIIH-
poBath ahheKTUBHOCTD 0Xiris™ /sl JTeYeHus cerl-
CHCa, & TaK)K€ YCTAHOBUTD TPYIIIIBI TTAITUEHTOB U yC-
JIOBUSI TIPUMEHEHUST TeMO(UIbTPaIlui, KOTOPbie B
HarOOJIbIIel CTEIIEHU MO3BOJISAT BBISIBUTH BCE KJIM-
HUYECKUEe KPUTEPUH TePAu CeTCHca.

2.4.4 Copbenm na 0crose OUIMUNAMUHOIMULUEIL-
1107103bt. JIpyroil copOeHT — AUATHIAMUHOI THJIIIE-
monoza (DEAE-cellulose) — 6bL1 ucnobzoBan st
yaaneHuss BD us masmer 6oJibHBIX cericrcoM (15 ma-
nuentoB) [128]. Ormevanu cumskenue yposus JITIC,
utokunos (IL-6), C-peakrusHoro Geska u hubpu-
HOreHa B miasme. IIpu 9ToM He HabJIoManoch 3HauK-
MBIX MOGOYHBIX 2(MOEKTOB Tepalni, OJHAKO He Ha-
GJIOIAIOCh U YJIYYIIEHUST COCTOSIHUSI OOJIBHBIX IO
riokaszaTtesisiM otteHKN cocTtostHns (1kasia APACHE IT),
YCC, AJl, temniepatypa Tesa). JletasbHOCTD cOCTaBH-
ga 26,7% wa 28-i1 mennb. PesysbraTel camMu aBTOPbBI
[PU3HAIOT YMEPEHHO OOHAIEKUBAOIINME, OJHAKO

cross-linked polystyrene contributes to a faster
removal of BE from the solution [133].

2.4.7 Toxipak. The Toxipak column was devel-
oped and manufactured by the Closed Joint-Stock
Campany "Scientific and Industrial Company
POKARD" (Moscow). The Toxipak column is
intended for removal of endotoxins (Gram-negative
bacteria lipopolysaccharides) from the circulation
during the extracorporeal hemoperfusion procedure.
Therapeutic indications include treatment and/or
prevention of sepsis and/or septic shock caused by
Gram-negative bacteria. The column was authorized
for clinical application in the Russian Federation in
2015. The active ingredient of the column is a sorbent
synthesized on the basis of a polysaccharide granulat-
ed matrix and chemical ligand specific to the Gram-
negative bacterial lipopolysaccharide. The sorption
capacity is not less than 20,000 EU [133]. Clinical
trial of the Toxipak column was reported [134]. It was
performed in 10 patients with severe sepsis. No pro-
cedure-related serious adverse reaction were regis-
tered. A positive clinical effect (improved clinical
state according to the SOFA scale, decreased body
weight and HR, increased PO,/FiO, index and urine
output, decreased endotoxin, C-reactive protein, pro-
calcitonin, ALT, and D-dimer blood levels) was
obtained in all 10 patients. All patients were trans-
ferred from the ICU. However, three patients died
later (on Days 8, 10, 21 after LPS adsorption) [135].
The absence of expanded clinical trials does not per-
mit a comprehensive evaluation of this sorbent; how-
ever, available data (reduced inflammation signs, LPS
concentration, improved clinical state according to
the SOFA scale, absence of complications) suggest
the advisability of such studies.

3. Multimodal sorbents combining
properties of selective and nonselective
sorbents: new perspectives

The extracorporeal blood purification (EBPP)
from circulating toxic endogenous and exogenous
substances using selective hemoperfusion technique
has been applied in a worldwide clinical practice for
several decades. However, multicenter trials often
demonstrated a limited effectiveness of EBPP, for
example, in the treatment of sepsis. For example,
recent studies of the ABDOMIX group demonstrat-
ed that even early application of the column hemop-
erfusion using immobilized polymyxin B for removal
of bacterial LPS from the circulation in peritonitis
did not reduce the mortality rate due to septic shock
[135]. At the same time, application of hemoperfusion
leads to improvement of hemodynamic parameters in
patients with septic shock [136].

These and other data demonstrate that EBPP
based solely on development of highly-selective
hemoperfusion sorbents does not permit to stabilize

www.reanimatology.com

GENERAL REANIMATOLOGY, 2016, 12; 6



DOI:10.15360,/1813-9779-2016-6-82-107

O63opm

JAHHBIX HEIOCTATOYHO, YTOObI CyAuTh 00 ahPeKTrB-
HOCTH TTPEJIJIAraeMOTO MeTo/Ia JIEYeHUs CeTIChCa.

2.4.5 Jlunocop6. B Poccun u CHT Takske BemyT-
¢s1 pabOTHI TI0 CO3AHUIO COPOEHTOB JIJIst ICYEHHS CETl-
crica MEeTOI0M TeMocopOini. B mepsyto ouepess, cie-
IyeT VIOMSHYTh OGeJIOPYCCKYl paspaboTKy —
copbent Jlunocop®. JIuocopd co3gan Ha OCHOBE Te-
MOCOBMECTUMOTO TTOJTMAKPUJIAMUIHOTO THIPOTEJIS C
KOBJIEHTHO CIIUTBIM TOJUMUKCUHOM-B/KoaucTu-
HOM, BKJIIOUEHHBIX B OPHUIMHAJIBHBIIN MaccOOOMEH-
HBI MOy ib. [Ipw €ro ncnob30BaHUM HE MTPOUCXO-
JIIUT  YMEHBIIEHUS  KOJMYecTBa  (POPMEHHBIX
9JIEMEHTOB KPOBHU, TEMOTJIOOHHA, JOCTOBEPHBIX U3Me-
HEHUI CO CTOPOHBI OCHOBHBIX MTOKa3aTeJiel mepeKuc-
HOTO OKUCJICHWS JINTTU/IOB, CBEPTHIBAIOIIEH CUCTEMBI
KPOBH, a TaKKe arperaroHHbIX CBOWCTB 3PUTPOITH-
ToB 1 TpombonuToB [129]. Kpome Toro 6bLIO ycTa-
HOBJIEHO i1 0iv0o, uTo JInmocops obIasaeT yAOBIeTBO-
PUTEJBHOI COPOIIMOHHON €MKOCTBIO OTHOCHTETBHO
B3 E. coli, uto MposiBISIOCh B KYIIMPOBAHUN Pa3BU-
THS CHMITOMATHKN 9HIOTOKCUTHOBOTO MIOKA U BbIPa-
JKEHHBIX TeMOJMHAMUYECKIX HApYIIeHWIT mocJie BBe-
JIeHUsT KPOJIMKaM TecT-I03bI BJ, TpeaBapuTesbHO,
obpaborantoro remocopberTom [130].

Bbrto mpoBeieHo KITMHUYECKOe UCCIelOBaHIe
copbenTa st onpezeeHust ahHOEKTUBHOCTH Jiede-
HUSI TTOKOBBIX cocTogHui mpu mHbexknuu [131].
[TpoBeneHre reMOCOPOIMT 3aMETHO YJIYUIITIIO CO-
crostire GosibHBIX. CyIEeCTBEHHBIM IIOKa3aTeeM
MOJIOKUTETBHOTO a(hdeKrTa 0T TeMOcOpOIHK OBLIO
MOBBIIIEHKE 001Iero meprudepuIeckoro CoCymcTo-
T'O COITPOTHUBJICHUS, TIPOSIBJISIONIEECS B TOBITIEHUH
MakcuManabHoro n MuHuMamabHoro AJl. Ilo3utws-
Hble M3MEHEHUST TeMOAMHAMUYECKON CUTyarnu Obl-
JI OCHOBAHWEM JIJISI CHVKEHUS 103 JIEKAPCTBEHHBIX
CPEZCTB, 06ECIIeYNBAIINX TOBbIIIEHHE epudepu-
YeCKOTO COCYAUCTOTO TOHYCAa W YAAPHOTO 00beMa.
Hapsny ¢ aTum B mporiecce remonepdy3nu MpaKkTu-
YeCKHM y BCEX TMAIMEeHTOB ITOH TPYMIIBI OTMEUEHO
MOCTETIEHHOE YMEHbIIEHNE BBIPAKEHHOCTH TaXMH-
kapauu. [IpoBezieHre TOBTOPHBIX MPOIEAYP TEMO-
cOpOIMHU TIO3BOJIMIIO TEPEBECTH TAIllMEHTOB Ha
BCIIOMOTATETbHBIM PEXUM BEHTHUJISIIIUUA JIETKUX C
nocsepyionum otiaydenveM ot MBJI (83% ciyua-
eB). Knnnnyeckuit apdexr or remocopOuuu Ha aH-
TUJIMIONONUCAXapUAHOM remMocopbente Jlunocop6
MIPOSIBJISJICST TaKKe B BUJIE TOCTOTOBEPHOTO YBEJIH-
YEeHUsT TI09acoBOro auypesa ¢ 25110 mut/4 mo 45+10
MJI/4. Y 22 manueHToB, HECMOTPS Ha CHUKEHUE J0-
3Bl JIEKAPCTBEHHBIX CPEJACTB, 00ECIEeUYNBAIOIIUX M0-
BBINIIEHWE TTePU(PEPUIECKOr0 COCYAUCTOTO TOHYCA,
rpyOble HapylleHUs] FeMOAMHAMUKN COXPAHSIINCH,
4TO TOTPeHGOBAJO MHOTOKPATHOTO HPUMEHEHMS
nanHoro Metona (6—8 mporenyp). Y 4-X marimeHToB
KOMILJIIEKCHAS TePaIus 10 TPEI0KEHHON cxeme He
Jlasia 3aMeTHOro addeKrTa, 1 OHU yMepJIH TP Hapa-
CTAaHUW KJIWHWYECKUX TIPOSBICHUN MOJTUOPTaHHOM
megocratounoctn [131]. Takum obpasom, JTeTann-

patients state in all cases of critical states due to a
great variety of "conditional endotoxicants", i.e. sub-
stances whose excessive concentrations in the circu-
lating blood may impair the integrity of vascular
endothelium, RBC structure and functions, immune
system cells, and cells of vital organs. Such circulat-
ing molecules (proinflammatory cytokines, dying
cell products, in particular, HMGB1, chemokins,
immunosuppressing molecules, mitochondrial DNA,
circulating DNA and its oxidized forms, etc.) may
significantly contribute to the multiple organ failure
and immune deficiency. The latter can increase the
bacterial load and, as a result, concentrations of bac-
terial endotoxins, eliminate positive but short-term
effects of specific hemoperfusion. On the other hand,
nonspecific hemoperfusion is ineffective in decreas-
ing BE levels. Since proinflammatory factors, bacte-
rial products toxic for cells (endotoxins and metabo-
lites), and immunosuppressive factors coexist and
sustain each other's production, we can hardly
believe that removal of only one group can break the
vicious circle. Removal of a great variety of sub-
stances requires universal sorbents. Therefore, an
ideal sorbent should combine the properties of both
selective and nonselective sorbents, i.e. it should be a
multimodal sorbent.

Such multimodal sorbents may be developed
using methods of superficial modification of porous
polymer materials with biospecific ligands, which do
not impair the porous structure. New polymer materi-
als capable to effectively adsorb cytokines, relatively
small toxic molecules and at the same time equipped
with ligands to remove endotoxins and, perhaps, other
"large" molecules (circulating DNA molecules,
alarmins, immunosupressive factors, pathogenic
microflora metabolites, etc.) might serve as promising
candidates. Styrene/divinyl benzene copolymer might
represent one of polysorbent matrix candidate. This
polymer type is a representative of a new class of poly-
mer materials, highly cross-linked macroporous poly-
mers armed with surface-linked BE-specific ligands
[137]. Recently, one of potentially multimodal sor-
bents was developed and manufactured by the "JSC
Advanced Medical Technologies”, Moscow, Russia.
The sorbent was used to manufacture the Gemos-DS
hemoperfusion column (manufactured by Biotekh-M,
approved for clinical practice by Roszdravnadzor in
2013). A combination of hydrophobic interactions
between LPS molecule fragments and nonpolar poly-
mer matrix and polar interactions between negatively
charged phosphate groups of lipid A and inner LPS
fragment with positively charged ligand covalently
immobilized on the sorbent pore surface have been
employed to sorb LPS molecules.

The initial styrene/divinyl benzene copolymer
represent solid granules having 0.3—0.8 mm in diame-
ter with a sufficiently dense surface and highly porous
inner structure. The size of large cavities of this struc-
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HOCTh TIPH KCITOJIb30BaHIK JAHHOTO METoJa COpo-
1uu, cocrasuia seero 13,8%. Hebonboi pasmep
BCel OCHOBHOM TPYIIIHI HOMHLHBIX TOKA He MO3BOJISI-
€T JIeTaTh BBIBOBI. OIHAKO PE3yIbTAThl CBU/ETEh-
cTByIOT, uTo Jlumocopbd obJagaer MOTEHIIMAIOM B
KavyecTBe BCIIOMOTATEJHbHOTO CPEJCTBA TIPH Jieve-
HUW CEeTcuca.

2.4.6 Cpepouenn C80. K napyroii rpyrire copbeH-
toB orHocutrcst cepouesn C80, paspaboraHHbIl B
Canxr-Tlerep6ypre 8 TocHUU oco6o uucThix Guo-
npenaparoB. Ilo xumuueckoii mpupoze cheporest
C80 npeacrasisieT coboii 1etor03y (MUKpochepu-
yeckas popma, MaKPOIIOPUCTHIN BapUaHT), C IPUBU-
TBIMU Ha TIOBEPXHOCTH IMAPOMOOHBIMU JIMTAHIAMH,
T.e. B OTJIYKE OT OOJIBIIMHCTBA U3BECTHBIX PEIIEHUI
(Toraymyxin™, oXiris, JIumocop0), B TAHHOM CJIydae
B3anmoyetictsue ¢ qunua-A dparmentom JIIIC orm-
pezensieTcst, B IEPBYI0 ouepesib, THAPO(MOOHBIMU B3a-
MMOJIEVICTBUSIMU, a He aJjieKTpocTtatndecknmu [132].
Ha manubiii MOMEHT N3BECTHDI JINIIID 72 Vitro UCIIbITa-
Hust copOerTa. MakcumaibHash eMKOCTh COPOEHTa TI0
JITIC us pacrBopa anbOymuHa npesocxoaut 37 000
HI/MJI copOeHTa, oTepu OesKa He TIPEBOCXOAAT 5%,
U CBEPXCHIUTBIH HOJUCTUPOJ obectieunBaer GoJiee
6bicTpoe ynaneHe B us pactsopa [133].

2.4.7 Toxcunax. Komonka «Tokcumaks» paspa-
6orana u npoussoautcss 3AO «HayuHo-nponsso-
crtBennas ¢upma [IOKAP/l» (Mocksa). Komonka
Tokcumak npegHazHaveHa Uit yAAJTeHUS [IUPKYJIH-
PYIOIUX B KPOBW JHJOTOKCHHOB (JTUIOTOJINCAXA-
PUIOB IPaMOTPUIIATENbHBIX OaKTepuii) B aKCTpa-
KOPIOPATbHOM npoieaype remMocopOIuu.
[TokazanusiMu JIJIsi IPUMEHEHUS SIBJISIIOTCS Jieue-
HUe u/nam npopuIaKTUKA Pa3BUTUS CeTCHca
U/WJTA CETITUYECKOTO MTOKA, BBI3BAHHOTO IPaMOTPH-
HaTeabHbIME GakTepusiMu. KoloHKa 3aperucTpupo-
BaHa B PD mra krmHMIeckoro mpuMmenenns ¢ 2015
roza. AKTUBHBII MHIPEAMEHT KOJOHKU — COPOEHT,
CUHTE3UPOBAHHBII HAa OCHOBE TOJHMCAXAPUIHOM
IPaHyJIMPOBAHHONW MATPUIIBI U XUMUYECKOTO JIH-
ranza, cuernu@uIHOro K JIUIMOMOJNCAXapuay rpa-
MoTpulareabubix Oakrepuii. CopbuuoHHAs eM-
kocth — He Menee 20000 ED. Coobuianoch o
KJIUHUYECKOM WCCJIeIOBAaHUM KOJOHKU <«Tokcu-
nak». Ouo 66110 HpoBeseHo Ha 10 nanuenTax ¢ Ts-
sKeJbiM cericicoM. CephesHbIX TTOOOUHBIX PEAKI[UI
Ha mpolieaypax He Ha00aaa0ch. T1010KUTENbHBIIT
KIUHUYeCKUil a(dekT (YMeHbIIEHNE TSIKECTH CO-
crostaus o SOFA, cHmKeHMe TeMiepaTypsl Tesa u
YCC, ysemmuenne nnaexkc PO,/FiO, u muypesa,
yYMeHBIIeHE YPOBHS dHI0TOKCHHA, C-peakTUBHOTO
OeJika, NpokaibLUTOHNHA, Kpeaturuna, ArAT, /1-nu-
MEpPOB B KPOBM) TiosrydeH y Beex 10 marmeHnToB — BCe
ObLIN TIEPEBEICHBI 13 OT/e/eHrst peaHuMariui. OJiHa-
KO TPH TaIueHTa BriocseicTsun ymepsn (Ha 8, 10, 21
cytku mocse JITIC amcopbumm) [134]. OtcyrerBue
PACIIUPEHHBIX KJINHUYECKUX WMCCIEOBAHNN 3aTPy/I-
HSIET ITOJTHOIIEHHYIO OIEHKY JaHHOTO TeMOCOpPOEHTa,

Buyrtpennsisi ctpykrypa cop6enta Jlecenta-JITIC , anekTponHas
MHKPOCKOIUSL.
Inner structure of the Decepta-LPS sorbent, electron microscopy.

ture may reach 100 nm, however, channels that connect
them are significantly smaller. Such structure of the
sorbent provides a high rate of mass-exchange for small
protein toxins (cytokines) having up to 30—40 kDa in
weight ad prevents albumin loss whose molecular
weight is 66 kDa. The method of chemical modification
of granules using ligands that are affine to LPS impairs
neither the inner structure of the material, nor physico-
chemical parameter of the porous structure (Fig.). The
affinity to LPS is the only factor affected by the modifi-
cation due to covalent immobilization of a specific lig-
and on the sorbent surface, including the inner surface
of large pores. An extremely large specific surface (more
than 700 m*/g) should provide conditions for sorption
of additional ligand molecules which should be
removed from the circulation (in addition to LPS) in
order to break the "vicious circle" supported by multi-
ple factors in critical illness complicated by infections.

Clinical trials of existing sorbents and further
development of multimodal sorbents, as well as
expanded clinical trials to select most clinically effi-
cient EBPP should result in decreasing mortality
rate of patients with severe sepsis and septic shock,
the most life threatening conditions in the ICUs.

The work was carried out with a financial sup-
port of the Ministry of Education and Science of the
Russian Federation (Agreement on provision of
funds No. 14.577.21.0165 as of 10/28/2015within
the frames of a Federal Program "Research and
Development in  High-Priority = Fields of
Development of the Scientific and Technological
Complex in Russia in 2014—2020").

OJTHAKO MMEIOIINECs JlaHHble (CHU)KEeHUE TToKa3aTeei
Bocriasierus, cogepxannst JITIC, ymenbienne Tsokec-
TH cocTostHYsT 6obHBIX 110 Tikare SOFA, otcyTeTBue
OCJIOKHEHUIT) y7Ke CBUIETEICTBYIOT O Ieiecoodpas-
HOCTH TIPOBEJIEHMS TAKUX MCCJIEJOBAHMIA.
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3. «MyabTuMOIaJIbHBIE> COPOEHTHI,
coyYeTalole CBOMCTBA CEJIEeKTUBHBIX
U HECEJEKTUBHBIX COPOEHTOB:

HOBbI€ NIE€PCNEeKTUBbI

Wctopusi mpuMeHeHUsI 3KCTPAKOPIOPATHHOM
texHosorun ounctku KpoBu (ITOK) ot nupkymnm-
PYIOIINX TOKCUYECKUX HHAOTEHHBIX M HK30TEHHBIX
BEIECTB C MOMOIIBI0 TEXHUKHM CEJTEKTUBHOU reMo-
copOIUU TIPOJOJIKAETCS B MUPOBON KJIMHUYECKON
MIPaKTHKe y’Ke HEeCKOJBKO JecATKOB JieT. OpHakKo
MYJIBTUIIEHTPOBBIE MCCIEIOBAHNS YaCTO BBISBJISIIN
orpannuernyio ahdexrusaoctb ITOK, B yacTHOC-
TH TIPU Teparinuy cercuca. Tak, HeJlaBHUE HCCIe0Ba-
nug rpynnsl ABDOMIX BbigaBuiy, uTo faske paniee
[IpUMEHEHKEe KOJIOHOYHON FeMOCOPOITUE C UCITOJIB30-
BaHMEM UMMOOUIM30BAHHOTO MOJMMUKCHHA-B 1715t
yaaleHust U3 MUPKyJsaiuu OakrepuanbHoro JITIC
[Py TMEPUTOHUTE HE TPUBOJIUJIO K YMEHBIIEHHUIO
CMEPTHOCTHU OT cenTudeckoro moka [135]. B o xe
BpeMs, TIpUMeHeHue TeMorepdy3ruu MPUBOAUT K
VIAYYIIEHUT0 TeMOJMHAMUYECKUX TIoKa3aresaei y
GOJIBHBIX ¢ cenTriecKuM 1mokom [136].

ITU ¥ IPYTHE TaHHBIE TOKA3bIBAIOT, YTO CTpaTe-
rust ITOK, ocHOBaHHAsT MCKITIOYNTETHHO HA CO3/a-
HUM BBICOKOCEJEKTUBHBIX COPOEHTOB [JIs TeMOIIep-
(bysum, ©He Bcerma IMO3BOJSAET  JIOCTUTHYTH
CTaOUIIU3AIII COCTOSTHYST GOJIBHBIX MPH KPUTHIEC-
KX COCTOSTHUSIX BCJIEACTBUE MHOTOOOPA3ust «yCJIOB-
HBIX 9HIIOTOKCUKAHTOB» — BEIIECTB, M30BITOUHOE CO-
JepsKaHue KOTOPBIX B IHUPKYJIUPYIONEH KPOBH,
MOKET OBITh CYIIECTBEHHBIM (DaKTOPOM HapyIIEHIS
IIEJIOCTHOCTH HHJOTEJUSI COCYAOB, CTPYKTYPbI H
(byHKIIMW 9PUTPOITUTOB, KJIETOK UMMYHHOM CHCTEMBI,
KJIETOK JKM3HEHHO Ba)KHBIX OPraHoB. Takue MUpKyJIu-
pyIoIire MoJIeKYJIbl (ITPOBOCIIATUTENbHBIE TUTOKH-
HBI, MPOAYKTHI TMOHYIIUX KJIETOK — B YaCTHOCTH,
HMGB1, xeMOKNHBI, IMMYHOCYITPECCOPHBIE MOJIe-
KyJsibl, MutoxoHapuanbiag [IHK, nupkyaupyromnias
JJHK u ee oxucnennsie (HopMbl, U T.JI.) MOTYT BHO-
CUTH CYIECTBEHHBI BKJIA/L B Pa3BUTHE TOJHOPTaH-
HOM HEJOCTATOYHOCTH W WUMMYHOKOMITPOMETAIUH.
[Tocremiee cOCTOsSTHIE, YPEBATOE YCHUIEHEM GaKTe-
PHUAbHOM HArPY3KH W, KaK CJEe/CTBUE, YBETUUEHUEM
cojiepskatie GakTepUaTbHbIX 9HIAOTOKCHHOB, MOKET
«CBOJIUTH HAa HET» IMOJIOKUTEThHbBIE, HO KPAaTKOBpE-
MeHHbIe, 3 deKThI creruuueckoil remocopouuu, C
JPYToii CTOPOHBI, Hecmenuduueckass reMocopOIus
Masoa(heKTHBHA JJIST CHUKEHUST YPOBHS OGaKTepH-
AJIbHBIX 9HIOTOKCUHOB. [TOCKOJIBKY Y GOJIBHBIX TsKe-
JIBIM CETICICOM U CETITUYECKUM IIIOKOM TTPOBOCTIAJIH-
TeJbHble (DAKTOPBI, TOKCUYHBIE [IJII KJIETOK
GakTepuasbHble MPOAYKTHI ¥ HMMYHOCYIPECCOPH-
HbIe (DaKTOPBI COCYIIECTBYIOT W MOIEP;KUBAIOT TIPO-
JYKITHTO ZIPYT ZIPYTa, TO TPYAHO HAAESTHCS HA TO, 4TO
pasopBaTh TMOPOYHBII KPYT MOKET JIMIIb YAaJeHue
KaKoii-1160 OJHOI 13 3TUX IPYIII. YIaJeHUE PasHO-
06pa3HOTO MHOXKECTBA BEINECTB, CKOpee, Tpehyer

COpPOEHTOB € YHUBEPCAJIbHBIMU COPOIMOHHBIMU
cBoiictBamu. TakuM 00pasoM, MEaNbHbIII TEMOCOP-
OEHT JIOJIKEH coueraThb B cebe CBOMCTBA CEJIEKTUBHO-
IO M HECENEKTHBHOTO COPOEHTA, T.€. SIBJISITHCST MYJIb-
TUMOJAJIBHBIM COPOEHTOM.

Cosanre TakuxX MYJBTUMOJAIBHBIX COPOEH-
TOB BO3MOJKHO 32 CUET METO/IOB MIOBEPXHOCTHON MO-
MuUKAIM TOPUCTBIX MOJMMEPHBIX MaTepPUAJIOB
6rocnerupuIecKUMHU JIUTAHIaMH, He OKa3bIBAIOIINX
HETATUBHOTO BJIMSHUS HA UX TIOPUCTYIO CTPYKTYPY.
Kanaugatamu MOTYT OBITH HOBBIE TOJIMMEDPHbBIE Ma-
Teprasbl, crocoOHble 3(hMOEKTUBHO aAcopOUPOBATh
IIUTOKUHBI ¥ OTHOCUTETHHO «MaJIbI€» MOJIEKYJIbI, HO
B TO K€ BPeMsI CO/IEP’KaTh HA MOBEPXHOCTHU JOCTa-
TOYHO JIUTAH/0B, 3(PHEeKTUBHO YHATIIONUX IHIIO-
TOKCHHBI 1, BOSMOKHO, IpyTHe «O0JIbIINIe» MOJIEKY-
abl (nupkysaupytomue Monexyabst JJHK, amapmuasr,
HMMYHOCYTTPECCOPHbIE (haKTOPbI, METAOOIUTHI [IATO-
reHHOU MUKPOMIOpsI U 1p.). OXHIM 13 KaHANIATOB
MATPHIIbl TAKUX TIOJTUMEPHBIX COPOEHTOB MOJKET BbI-
CTYINaTh COMOJUMEDP CTUPOJANBHHUIOEH30/MAa —
MIPECTaBUTEb HOBOTO KJIAcca MOJUMEPHBIX MaTe-
PUAJTIOB — CUJIBHO CIMUTBIX MAaKPOTIOPUCTHIX TTOJIH-
MEPOB C TIPUBUTHIMU HA MMOBEPXHOCTH CIIEIU(DUIHDI-
MU 1[I0  OTHOIIEHHID K  OaKTepuaJbHBIM
spjotokcunam Juranjgamu [137]. Ilpencrasurens
TAaKUX TOTEHITUATBHO MYJBTUMO/ATBHBIX TeMOCOP-
OGEHTOB HeIaBHO pa3paboTaH U BBITYCKAETCS KOMIIa-
Hueit «IlepcrieKTUBHBIE METUTTTHCKUE TEXHOJIOT U,
U TIPUMEHSIETCS TIPU U3TOTOBJIEHUH TeMOCOPOIOH-
Hoit kosionkn lemoc-/IC (mpousBoamrens HIIII
«brorex-M», paspentena PocanpaBHaz3opoM K Ipu-
MEHEHUIO B MeIUITMHCKON mpaktuke ¢ 2013 1.). Jla
copbuun mostekys JITIC wucmonb3yercst codetaHue
ruapodOOHBIX B3aMMOIEHCTBUN (hparMeHTOB MOJIe-
kysbl JIIIC ¢ HemosisgpHON MaTpuilell mojmmepa u
TTOJISIPHBIX B3aWMOJIEMCTBUN OTPUIIATEIbHO 3apsi-
JKEHHBIX (pochaTHBIX TPy JUnuga A U BHyTPEeHHe-
ro ¢pparmenTta JITIC ¢ 110J10KUTENBHO 3aPSIKEHHBIMU
JIUTaHIaMH, KOBAJEHTHO MMMOOU/IM30BAaHHBIMU Ha
[HOBEPXHOCTH HIOP COpOEeHTa.

M cXOnHbI CTUPOJI-AUBUHUIOEH30JbHBIN CO-
MOJIMMED TIPECTaBAsteT co0O0il MPOUYHbIE TPAHYJIbI
muametpom oT 0,3 10 0,8 MM ¢ 1O0CTaTOYHO TIOTHOM
MMOBEPXHOCTBIO U BBICOKOTIOPUCTON BHYTPEHHEH
CTPYKTypoil. KpymHble TOJIOCTH 3TON CTPYKTYPBI
MOTYT flocTuraTh pasmepa B 100 HM, XOTS KaHAIbBI, NX
COEJIMHSIONINE, 3aMETHO MeHbIe. Takas cTpyKTypa
copbeHTa 00€eCIeunBaeT BBICOKYIO CKOPOCTh Macco-
obMeHa I Masibix GENKOBBIX TOKCUHOB (I[MTOKH-
HoB) ¢ Maccoit 10 30—40 x/la n mpegoTBpaIaeT mo-
Tepro aJbOYMHUHA, MOJIEKYJISIPHAs Macca KOTOPOTO
cocrasusger 66 k/la. PaspaGoTaHHbII METOZ XUMUYE-
ckoit Mmomupukanuu rpanya abdunabivu k JIIIC
JIUTAHJITAMU CYIIECTBEHHO He MeHsSeT HU BHYTPEH-
HIOIO TEKCTYPYy MaTepuasa, Hi (pU3UKO-XUMUIECKHEe
rapamMeTpbl TOPUCTON CTPYKTYphI (PUCYHOK). YBe-
JnunBaetcs Toabko cpozactBo K JIIIC 3a cuet koBa-
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JICHTHOH MMMOOUJIM3AINN CrIelu(MUIecKoro 1mo oT-
HOIIEHNIO K HEMY JINTaH/a Ha TIOBEPXHOCTH COPOEH-
Ta, BKJIOYAash BHYTPEHHIOIO MOBEPXHOCTH KPYITHBIX
nop. OueHb BBICOKAs yieIbHast TIOBEPXHOCTH (boJiee
700 M*/r) npusBaHa 00eCIeUnTh CO3aHIe YCIOBUI
JUIsE COPOIM JIOTIOJTHUTEIBHBIX MOJIEKYJI-JTUTAH/IOB,
kotopsie (momumMo JITIC) 66110 GBI JKeJIaTeTbHO yaa-
JIUTD U3 MUPKYJISIIAN JIJIST Pa3pbIBa <[TOPOYHOTO KPY-
ra», OJ/IEPKUBAEMOTO MHOKECTBEHHBIMU (haKTOpa-
MU TIpU WHGEKITMOHHO-0CI0KHEHHBIX KPUTUYECKUX
COCTOSTHUSIX.

Knvnnueckne nccaea0oBainmnAa CoO3JaHHbIX T€EMO-

copOEHTOB U JajibHeliIIe pazpaboTK COPOEHTOB Ha
MYJIBTUMOJIAILHON TIaThOpPME, a TaKKe PaCIIipeH-
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