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ITess ucceroBanmst — ONpPeeNuTb aHTUOAKTEPUAIBHDIE U AHTUMUKOTHYECKITE CBOICTBA TOJYYEHHBIX IPAHY-
JIMPOBAHHBIX YIJIEPOIHBIX COPOEHTOB.

Marepuan u MeTobl. B KauecTBe MCXOAHOTO MaTepuaja NCIOIb30BaJM Yriaepoanbiii copbent BHUNTY-1,
KOTOPBII MOIUGMUIIMPOBAIN MOJNBUHUIITUPPOJUIOHOM, OJUTOMEPAMU MOJIOUHOM U TJINKOJIeBOI KucioT. [Ipo-
BeJIEHbI CTEHIOBbIE MUKPOOUOJIOTHYECKITE UCCIIEOBAHNUSI TI0 OIIPE/IEIEHINI0 aHTUOAKTEPUAIBHOI 1 AHTUMUKOTHU -
YeCKOil aKTUBHOCTU 3TUX IPAHYJIMPOBAHHBIX YTJIEPOAHBIX reMocopOeHTOB. AHTHOAKTEpUAIbHBIE CBOICTBA
cOpOEHTOB UCCJIEOBAIIH 110 OTHOIIEHHIO K TATOTEHHBIM U YCJIOBHO MTATOTeHHBIM MUKpOOpranusmam: Staphylococ-
cus aureus, Pseudomonas aeroginosa, Klebsiella pneumoniae, Escherichia coli, Streptococcus agalactiae, a Takxe K
ux cmecaMm: cMech Ne 1 — Staphylococcus aureus n Escherichia coli; cmech Ne 2 — Staphylococcus aureus w
Pseudomonas aeruginosa.

Pesyasratol. [Tokasasm, uto Mmoanduimposantbie o6pasibl BHUUTY-1, npossisiim 6oJiee BbIPAKEHHYIO TI0
CPaBHEHMUIO C KCXOIHBIM COPOEHTOM AaHTHOAKTEPUATIbHYIO U AHTUMUKOTUYECKYIO AKTUBHOCTD 10 OTHOLIEHUTO K GOJIb-
MINHCTBY MCCJIEI0OBAHHBIX MIKPOOPTaHI3MOB.

3axmoueHue. BoisiBiieHHble aHTUMUKPOOHBIE, IETOKCUIIUPYIOTIIE CBOUCTBA MOAUMUIIMPOBAHHBIX COPOEHTOB
SIBJISTIOTCSI JIOTIOJTHUTEIbHBIM 0O00CHOBAHMEM JIJIsI VX MCIIOJIb30BAHUST B KOMILJIEKCHOU TePAIU aKyIIePCKO-THHEKO-
JIOTHYECKOIT U XUPYPrudecKoi matoioruu. Pazpaborantbie yriepoHble COPOEHTBI SIBIISTIOTCS TIEPCIEKTUBHBIMI Ma-
TepHAIAMU JIJIsT MEJIMI[UHBI, TAK KaK PACIIUPSIIOT BO3MOKHOCTU COPOIMOHHOI TEPAIUU B KIMHUYECKOU MTPAKTHKE.

Kantouesvte cnosa: modugurxayusi; yziepooHoie copoeHmol; AHMUMUKPOOHASL PESUCTNEHITHOCTI; AHMUMUKOMUYE -
CKasl Pe3UCMeEeHMHOCMY

The purpose is to study antibacterial and antimycotic properties of produced granular carbon sorbents.

Material and methods. A VNIITU-1 carbon sorbent was used as a starting material, which was modified with
polyvinylpyrrolidone and lactic and glycolic acids oligomers. Microbiological bench tests were carried out to deter-
mine the antibacterial and antimycotic activity of these granulated carbon hemosorbents. Antibacterial properties
of sorbents were studied in relation to pathogenic and conditionally pathogenic microorganisms: Staphylococcus au-
reus, Pseudomonas aeroginosa, Klebsiella pneumonia, Escherichia coli, Streptococcus agalactiae as well as their mixtures:
mixture No. 1 — §. aureus and E. coli; mixture No. 2 — S. aureus and P. aeruginosa.

Results. Presented data demonstrate that the modified VNIITU-1 exhibits significant antibacterial and antimy-
cotic activity against most of the studied microorganisms compared to original sorbent.
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Conclusion. Modified sorbents as antimicrobial and detoxifying drugs may further be employed in treatment
of obstetrical-gynecological and surgical diseases. The carbon sorbents are promising materials for medicine, as they
expand the potential of sorption therapy in clinical practice.
Keywords: modification; carbon sorbents; antimicrobial resistance; antimycotic resistance
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BBenenue Introduction

B nocaennee pecsatunerne 8 Poccuu u 3a pybe-
JKOM GOJIBIIIOE BHUMAHUE Y/ICJAETCS U3YICHUIO MeXa-
HU3MOB (DOPMUPOBAHUST KPUTUIECKUX COCTOSTHUIN —
TEX COCTOSTHUH, MPU KOTOPHIX BO3HUKAET HEOOXOIU-
MOCTb KOPpeKIUuu MYHKIUN WU Ja’Ke 3aMEHbI UX B
obuieii cucreme MHTEHCUBHOrO Jieuenus [1, 2]. Ipu
TaKUX KPUTHUYECKUX COCTOSHUSX, KaK CEICHC, TIepu-
TOHUT, TTAHKPEOHEKPO3, TIOJIUTPABMA, IIIOK PA3TUIHOI
HTHOJIOTUY HABJTIOIAeTCsT OOTIUPHBIT KOMILIEKC THITO-
BBIX TTATOJIOTUYECKUX MTPOIECCOB: THITOKCH, UTIIEMHUS,
TUIT09Pro3, SHAOTOKCEMUS, AIN/103, OKCHIATUBHBII
CTpecc, KaTbIIUEBBIN U KUCJTOPOIHBII TAPaTOKC U JIp.,
KOTOpPBIE, €CTM X HE KOPPUTHPOBATH, B KOHEUHOM
UTOTE HEPEIKO TIPUBOJSAT K JIeTaJbHOMY ncxoiy [3—5].
Cpenu 9THX TUIIOBBIX MATOJOTHYECKUX IPOIECCOB
0co60r0 BHUMAHUS 3aCTYKUBACT IHAOTOKCEMUST U
dbopMupoBaHre Pe3UCTEHTHOCTH  BO3OyAUTENEl
UHMEKITMOHHBIX OCJIOKHEHWIT K aHTHOAKTEPUATHHBIM
1 aHTUMUKOTHYECKUM cOeInHeHusIM [6—8].

B ciryuae, xorzia TpagiMIiMOHHbIE METObBI KYTIN-
POBaHUST SHAOTOKCEMUU U MH(DEKIIN TIEPECTAIOT OBITH
9 dEKTUBHBIMU, IPUOETAIOT K 9KCTPAKOPIIOPAIbHOI
reMoKkoppekiuu 1 apdepertroi Tepanun. /s neTok-
CHKAIIMK OPraHnu3Ma MCHOJIb3YIOT Pa3indHbie coph-
IIMOHHBIE METOIBI: TEMOCOPOITHIO, SHTEPOCOPOITHIO 1
ANTUIMKAIIHOHHYIO COPOIINIO, OCHOBAHHbBIE Ha CITOCOO-
HOCTU MTOPHCTHIX MATEPUAIIOB M3BJIEKATh TOKCUYECKUE
BEIIeCcTBA U3 GHONIOTHYECKUX SKUIKOCTEH OpraHu3Ma.
B cBs3u ¢ aTMIM HayYHbIEe TOUCKOBBIE UCCJIEOBAHUS 110
pa3paboTKe HOBBIX MATEPUAJIOB U METOJOB JICUCHUST
3a60JIeBaHNil, BBI3BAHHBIX TTATOTEHHBIMUA MUKPOOPTa-
HU3MaMU, TIPE/ICTABJISIOTCS aKTYaTbHBIMHU.

OueBUIHO, YTO NEPCIIEKTUBHBIM METOIOM Jieye-
HUST UHOEKIIMOHHOI TTATOJOTUY MOKET CTaTh coph-
IMOHHAS Teparus C UCIOJb30BAHUEM MaTEPHAJOB,
KOTOpBIe HE30TACHBI [IJIsi OPTAHU3Ma U HE COJePIKAT
AHTUOUOTUKOB WMJIM aHTUMUKOTUKOB. COpOEHTHI
MHAKTUBUPYIOT TATOT€HHblE MHUKPOOPTaHU3MBI U
BBIBOZIT U3 OPTAaHM3Ma MAIMEHTA TIPOJYKThI UX JKU3-
He/lesITeTIbHOCTH, a TaKKe MPOAYKThI HAPYIIEHHOTO
MeTaboIIM3Ma U TOKCUYHBIE COCIMHEHST, TOTyYCHHBIE
13 BHelTHel cpejibl [8]. B peannManinoHHOM TpakTHKe
METOJI FeMOCOPOIINHU UCTIOJIB3YIOT C HENbIO CHUKEHSI
KOHI[EHTPAIMH ayTOAHTUTEJ, aHOMAJBHBIX OEJIKOB,
KPOBSTHBIX TTUTMEHTOB, HODMAaJU3AIUKU PeoJIornye-
CKHUX CBOHMCTB KPOBU | T. 1. [9].

Ha craguu 3aposkieHust U pa3BUTHSA TeMOCOPO-
I[UH UCTIOJIb30BAIN (DUIIBTPBI, [TOJIyIaeMble 13 KaMEH-
HOTO YTJISI U MAaTEPHAJIOB OPTAHUYECKOTO ITPONCXOXK-
NeHUs: IPEBECUHBI, JIUTHUHA, (DPYKTOBBIX KOCTOYEK,

In Russia and worldwide, much attention has been
paid to the study of mechanisms of development of crit-
ical illness over the last decade, i. e. those conditions,
which require correction of functions or even their re-
placement in the general intensive care system [1, 2].
Such critical illnessess as sepsis, peritonitis, pancre-
onecrosis, multiple trauma, shock of various etiologies,
are characterized by complex pathological processes that
include hypoxia, ischemia, hypothyroidism, endotox-
emia, acidosis, oxidative stress, calcium and oxygen dis-
turbances, etc., which if not corrected commonly lead to
alethal outcome [3—5]. Endotoxemia and the formation
of resistance of infectious pathogens, complicated the
critical illness, to antibacterial and antimycotic com-
pounds deserve special attention [6—8].

When traditional methods of management of en-
dotoxemia and infection are ineffective, extracorporeal
hemocorrection and efferent therapy is employed. Var-
ious sorption methods are used for detoxification in-
cluding hemosorption, enterosorption and application
sorption based on the ability of porous materials to ex-
tract toxic substances from biological fluids of the
body. In this regard, studies on the development of new
materials and methods of treatment of diseases caused
by pathogenic microorganisms seem urgently needed.

It is obvious that sorption therapy using materi-
als that are safe for the body and do not contain an-
tibiotics or antimycotics can be a promising method
of treatment of infectious diseases. Sorbents inactivate
pathogenic microorganisms and remove their waste
products, as well as products of impaired metabolism
and toxic compounds penetrated from the external en-
vironment from the patient's body [8]. In the Inten-
sive Care Unit (ICU), the hemosorption technique is
used to reduce the concentration of autoantibodies,
abnormal proteins, blood pigments, and to normalize
the rheological properties of blood, etc. [9].

At the early stages of hemosorption develop-
ment, sorbents were obtained from coal and organic
materials: wood, lignin, fruit seeds, nut shells, peat,
sapropel. However, they contain a large amount of
dust, have the ability to «sinter» in columns, contain
a large number of minerals and organic compounds,
which are often toxic, especially compounds of wood-
chemical resins. The modified sorbents are character-
ized by high mechanical strength, chemical resistance,
homogeneous granulometric composition, and do not
have excessively high sorption activity, which leads to
the removal of not only toxins from the blood, but also
vital substances [10—12].
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CKOPJIyIIBl 0pexoB, Topda, carpored. OqHako oHu
coziepKaT HOJIBIIOE KOJTUYECTBO MBLIH, 00JIaIaI0T CIIO-
COOHOCTBIO «CIIEKAThCS» B KOJOHKAX, COAEPKAT B
GOJTBIIOM KOJIMYECTBE MUHEPAJIbHBIE BEIIECTBA 1 OPra-
HUYECKHe COeJIMHEHUs, 3a4acTyIO SABJLIONINECS TOK-
CUYHBIMH, 0COOEHHO COEJAUHEHUsSI JIECOXUMUYECKIX
cMou1. MoauduimpoBatubie COPOEHTHI OTIUYATOTCS
BBICOKOI MeXaHMYeCKOH MPOYHOCTHIO, XUMUYECKON
CTOWKOCTBIO, OJHOPOJIHBIM T'PAaHyJIOMETPUYECKUM
COCTaBOM, He 00JIA/IAI0T YPE3MEPHO BBICOKOI copO-
IIMOHHOM aKTUBHOCTDIO, IPUBOJIAIIEH K yIAJTeHUIO U3
KPOBU HE TOJBKO TOKCHHOB, HO ¥ ’KU3HEHHO HEOOXO0-
numbix BetecTs [10—-12].

B pesyJsibraTe TeOpEeTUYECKUX, ONBITHBIX U OIIBIT-
HO-TIPOMBIIIJIEHHBIX —HccjefoBannii  Vucruryrom
npobsem nepepaborku yriaesogoposos CO PAH B
TBOpPUECKOM cojipyskecTBe ¢ MHcTuTyTOM (husuye-
ckoit xumnn PAH m OmMckum rocymapcTBEHHBIM
MEJUIUHCKUM YHUBEPCUTETOM ObLIH pazpaboTaHbl
(busuko-xuMmuyeckue OCHOBBI CUHTE3a HOBBIX YIJe-
POIHBIX COPOEHTOB, BKJIIOYAS TEXHOJIOTHIO TTHPOJIUTH-
YeCKOro yIVIOTHEHUS TPaHyJl TEXHUYECKOT0 YIiepoja
B TOPM30OHTAJIbHOM BpallaloleMcsl pPeakTope ¢
noBMKHBIM cioeM [13]. Ilo aToit HOBO¥ TexHOJIOTHY
GBI CO3/IaH TEJIbINA KJIACC MOPUCTBIX TPAHYINPOBAH-
HBIX YTJIEPO/-YIJIEPOIHBIX MaTEPUAJIOB PA3JINYHOTO
Ha3HaueHUs, pazpaboTaHa YHUKAIbHAs, He MMeloTast
MHUPOBBIX aHAJIOTOB OIBITHO-IIPOMBIIIIEHHAS TEXHO-
JIOTHS TIOJTy4eH NS HOBBIX YIJIEPO/I-YTJIEPOHBIX MaTe-
pHAJIOB, B TOM 4YMCJIe MEIMIMHCKOTO Ha3HAUYeHMUS,
OCHOBaHHAs Ha CUHTE3€ C UCIIOJIb30BAHUEM JIBYX Pa3-
JIMYHBIX CTPYKTYPHBIX MoArduKanuii rpadhutononob-
HBIX MaTepuajoB: HAHOAMCIIEPCHOTO YIJepojia u
HU3KO-TeMIlepaTypHoro nupoyriepoga. Oxasanocs,
YTO HOBBIE TIOPUCTbIE MATEPUAJIBI TUPOJIUTUUECKOM
PUPO/IbI 3HAYUTEIBHO ITPEBOCXOAAT TPAAUIIMOHHDIE
AKTUBHbIE YIJIM 110 MEXaHMYECKOW, TEPMUYECKON U
XUMUYECKOH CTOHKOCTH, COZepKaT MeHbIlle MUHe-
paNbHBIX MpuUMeceii, 06Iaal0T MPEUMYIIECTBEHHO
ME30II0PUCTON CTPYKTYPOii, OTJINYAIOTCS HU3KUM
cozepskanuneM 30Jb1 (opsiaka 0,15%) u cepor (0,3%),
YTO CPa3y peniajio 3aady JOCTUKEHHS TIOUTH IT0THO-
rO OTCYTCTBUS MUHEPaTbHbIX TipuMeceii [12, 13]. B
YaCTHOCTHU, CTEHIOBbIE UCIIBITAHUS 110JIy4€HHOTO I'pa-
HYJIMPOBAHHOTO yriiepoaHoro remocopbernta BHI-
TY-1 1103BOINIIN YCTAHOBUTD, YTO OH OOJIAAET BBICO-
KO XUMHUYeCKOI YuCTOTOM (Ccoziep:kaHue yriaepoa He
Mmenee 99,5%), IPAKTHUYECKU MTOJHBIM OTCYTCTBUEM
IBLJIM HAa MTOBEPXHOCTU U B 110PAX, BLICOKOW IIPOY-
HOCTBIO TpanyJi ccheprudeckoit popmbl, ME30TIOPUCTOM
CTPYKTYPOIi ¢ Tipeobiiagarorium pasmepom rop 50—60 mm,
BBICOKOH a/IcOPOIIMOHHOI AKTMBHOCTBIO 10 OTHOIIIE-
HUIO K BellleCTBaM Pa3JIM4HON IIPUPOIbI, B TOM YHCJIE
1 TOKCHHAM HU3KOM U CpeHell MOJIEKYIPHOM Macchl,
006J1a/1aeT BBICOKOI CTOMKOCTHIO K CTEPUIU3AINU, HE
tokcuuen [13]. Meauiunckoe usaenne <lemocopOeHT
YIJIEPOHBIH B (PU3MOJIOTMYECKOM PACTBOPE CTEPUIIb-
bt BHUUTY-1» nomyun mmpokoe pacipocTpaHe-
nue B Poccuiickoit Menepanuu u crpanax CHT ¢

As a result of theoretical, experimental and ex-
perimental-industrial research by the Institute of Hy-
drocarbon Processing, Siberean Branch of the Russian
Academy of Sciences in cooperation with the Institute
of Physical Chemistry and Omsk State Medical Uni-
versity, physical and chemical bases for the synthesis
of new carbon sorbents were developed. The new tech-
nology included pyrolytic compaction of carbon gran-
ules in a horizontal rotating reactor with a movable
layer [13]. According to technology, a whole class of
porous granular carbon-carbon materials for various
purposes was created; a unique experimental indus-
trial technology for producing new carbon-carbon ma-
terials for medical use based on the synthesis using
two different structural modifications of graphite-like
materials, nanodispersed carbon and low-temperature
pyrocarbon, was developed. It turned out that the new
porous materials of pyrolytic nature significantly ex-
ceeded the traditional active coals in mechanical, ther-
mal and chemical resistance, contained less mineral
impurities, possessed a predominantly mesoporous
structure, exhibited low ash (about 0.15%) and sulfur
(0.3%) contents. New features almost solved the prob-
lem goal of achieving complete absence of mineral im-
purities [12, 13]. In particular, bench tests of the
obtained VNIITU-1 granulated carbon hemosorbent
has revealed that it has a high chemical purity (carbon
content not less than 99,5%), almost complete lack of
dust on the surface and in the pores, high strength of
spherical granules, mesoporous structure with a pre-
dominant pore size of 50—60 nm, high adsorption ac-
tivity towards substances of different nature,
including toxins of low and medium molecular weight.
In addition, new sorbent was highly resistant to ster-
ilization and was non-toxic [13]. The medical product
«Sterile hemosorbent carbon in the saline VNITTU-1»
was widely used in the Russian Federation and CIS
countries with high quality assessment and was
awarded by the Gold medal of the First International
Exhibition of Innovations (Moscow, All-Russian Ex-
hibition Center, February, 2001).

The VNIITU-1carbon sorbent served as a raw
material for creation of carbon sorbents for medical
purposes [12]. Based on the sorbent, we have created
modified sorbents with specific action for various pur-
poses of sorption therapy: selective extraction of
proinflammatory cytokines from blood plasma; reduc-
tion of the viral load (in hepatitis B); antibacterial and
antifungicidal action by chemical modification of their
carbon surface with fixation of nitrogen- and oxygen-
containing modifiers [13].

In order to arm the sorbents with specific prop-
erties and provide targeted actions against toxic sub-
stances, gram-positive and gram-negative bacteria, we
used various methods of modifying the surface of the
VNIITU-1 mesoporous granular carbon hemosorbent
(TU 9398-002-71069834-2004, registration certifi-
cate No. FSR 2008/03492 dated 25.09.2012): oxida-
tion, fluoridation, functionalization by polymers of
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BBICOKOI1 OI[EHKOH KayecTBa 1 GBI yI0CTOEH 30JI0TOi
Mmenasu [lepBoro MexyHapoaHOrO CaJloHa UHHOBA-
it (MockBa, Becepoccuiickuii BBICTABOUHBIN 1IEHT,
despainb, 2001 1.).

VlcxomHbIM MAaTePHAJIOM JIJIST CO3AHUS YTJIePOJI-
HBIX COPOEHTOB MEUIIUHCKOTO HA3HAYCHWS CJIY KU
yriepoaubiii copoent BHUMTY-1 [12]. Ha ero ocHo-
BE HAMH CO3JaHbl MOAUDUIIMPOBAHHBIE COPOEHTHI
crennuIecKoro JAeicTBUs JJisd Pa3JUYHbIX IeJeil
COPOIMOHHOIT Tepanu: H3GUPATETLHOTO U3BJICYEHIST
[POBOCIIATTUTENbHBIX IIUTOKUHOB U3 IIJIA3Mbl KPOBH;
CHUJKeHUs BUPYCHOU Harpysku (mpu rematurte B);
AHTUOAKTEPUAIBHOTO U aHTU(MYHTUIIUIAHOTO JIeii-
CTBUSI TIyT€M XMUMHYECKOTO MOAMMPUIIMPOBAHUS UX
YTJIEPOIHOI MTOBEPXHOCTH C 3aKPEIJIeHUeM a30T- U
KUCJIOpo/Ico/iepkaiux Moaudukaropos [13].

C nesibio mpugaus copbeHTaM CrienupuIecKux
CBOIICTB U 11eJIeHANPABIEHHOTO eUCTBUS 110 OTHOIIIE-
HUIO K TOKCUYHBIM BEIECTBAM, IPAMITOJIOKUTETBHBIM 1
IPAMOTPHIATEBHBIM GAKTEPUSIM MbI UCTIOTB30BAJIH
pasmyHbIe Coco6bl MOAUDHUIMPOBAHIS TOBEPXHOCTH
Me30II0PHUCTOTO MPAHYJIMPOBAHHOTO YTIEPOHOTO FEMO-
copbernra BHUUTY-1 (TY 9398-002-71069834-2004,
peructpainonnoe ynoctopeperue Ne OCP 2008 /03492
ot 25.09.2012 r.): okucenue, (hropupoBarue, (pyHKIHO-
HAJIM3AIMS [T0TMMePAMU AMIHOKUCJIOT U THPOKCUKIUC-
JIOT, IMMOOMJIM3AIINS aMUHOKUCIOT 1 T. 1. [ 15].

Mopudukariuio noBepXHOCTH YIJIEPOIHOTO COP-
GeHTa C 1eTI0 YBeJIMYeH st COPOIUOHHON aKTHBHOCTH
U CEJIEKTUBHOCTU MbI OCYIIECTBJISIN PA3JIMUHbIMU
BEIIECTBAMU: AMHUHOKAIIPOHOBOI KUCJIOTOI, YeloBe-
YECKUM CBIBOPOTOUHBIM ATbOYMUHOM, TOJTUBUHWII-
HMUPPOJIUIOHOM, OJTUTOMEPAMU MOJIOYHOI U TJIKOJIe-
Boil kucyothl. [list MomuduKanuu MOBEPXHOCTH
IPaHyJINPOBAHHOIO yIiiepogHoro copbenra BHU-
TY-1 ucnonb3oBain aMUHOKANPOHOBYIO KUCJOTY
npousBogctBa OOO «Ilonmucunres» (puc. 1, a)
HWcceneposanue TeKeTypbl 06pasiioB copbeHTa mpoBo-
JMIA aICOPOIMOHHBIM METOIOM TI0 HU3KOTEMIIepa-
TYpHOU ajacopbimu-aecopObiun azota Ha 06bEMHOIT
CTaTUYeCcKOl BaKyyMHOU yctaHoBKe Sorptomatic-1900
(Carlo Erba).

Ha camnmMkax, mosy4eHHbIX METOIOM PACTPOBOI
9JIEKTPOHHON MUKPOCKOIIUH, OTYETIINBO BUIHA MOPDO-
JIOTUST UCXOTHOTO YTJIEPOIHOTrO Matepuasa (puc. 2, a):
COPOEHT OTIIMYAETCS IOCTATOUHO CJOKHON CTPYKTYPOii
— BEepXHUE CJIOU YIJIEPOIHOI MOBEPXHOCTH UMEIOT
U3JIOMBI, TPEIUHBI, TPOHNU3AHBI KAHAIAMHU U BIIAJNHA-
Mu. J{MCHepcoHHBIN aHATN3 Pa3Mepa YriIepPOIHBIX
rpaHyJl MOKa3aJl, 4ToO UX CPEAHUIN Pa3Mep COCTABJISIET
~0,60 mm. XapakTepHo, 4TO 1ocjie MOAU(PUITNPOBAHUS
YTJIEPOIHOIL TTOBEPXHOCTH (POPMA U PA3BMEPDI TPAHYJI
copbeHTa He OTJIMYAIOTCSA OT UCXOAHOTO 00pasiia 1
umeloT moutu ceprdeckyio opmy (puc. 2, b).

[l MouUIIMPOBaHUS Y€JIOBEYECKOTO ChIBO-
POTOYHOTO anbOyMHUHA B KOHIeHTpauun 20 Mr/Mi,
[PUTOTOBJIEHHOTO Ha arieraTHoM Oydepe, UCIOIb30-
By 25% BOJHBIN pacTBOP riayTapaibaeruia. MHky-
GaIUIo B PACTBOPE IIIYTAPOBOTO AJIbJIETH/IA OCYIIECTB-

amino acids and hydroxy acids, immobilization of
amino acids, etc. [15].

We modified the surface of the carbon sorbent to
increase their sorption activity and selectivity using
different substances including aminocaproic acid,
human serum albumin, polyvinylpyrrolidone, lactic
and glycolic acid oligomers. To modify the surface of
the VNIITU-1 granulated carbon sorbent,
aminocaproic acid manufctured by LLC «Polysynthe-
sis» (fig. 1, a) was used. The texture of the sorbent
samples was studied by adsorption method using low-
temperature adsorption-desorption of nitrogen in the
volumetric static vacuum unit Sorptomatic-1900
(Carlo Erba).

The images obtained by scanning electron mi-
croscopy clearly show the morphology of the raw car-
bon material (fig. 2, a, b): the sorbent has a rather
complex structure; the upper layers of the carbon sur-
face have fractures and cracks penetrated by channels
and depressions. Dispersion analysis of the size of carbon
granules showed that their average size was ~0.60 mm.
It is noteworthy that after the modification of the car-
bon surface, the shape and size of the sorbent granules
do not differ from the initial sample and have an al-
most spherical shape (fig. 2, b).

A 25% aqueous solution of glutaraldehyde was
used to modify human serum albumin at a concentra-
tion of 20 mg/ml prepared on an acetate buffer. Incu-
bation in the glutaraldehyde solution was carried out
for 2 hours, then a fluorocarbon hemosorbent with
amino groups was kept with polyalbumin for 16—24
hours and washed with the saline. The presence of im-
mobilized protein (polyalbumin) on the surface of car-
bon sorbent was confirmed by spectrophotometric
analysis, high-resolution transmission electron mi-
croscopy, and atomic force spectroscopy. The synthesis
scheme is shown in fig. 1, b.

The relief and surface morphology of the carbon
hemosorbent samples were studied by scanning elec-
tron microscopy using electron microscope JSM-6460
LV (JEOL,Japan). The method of studying the relief
and morphology of the surface includes application of
a gold film 10—15 nm thick onto the sample.

6—10 granules of the sorbent were studied. Their
microphotographs with different magnification are
presented in fig. 2, ¢, d. As it can be seen, the shape and
size of the granules of fluorocarbon sorbents do not
differ from the initial sample and have an almost
spherical shape; the relief and surface morphology be-
fore and after fluoridation almost has not changed.

N-vinylpyrrolidone («Merck», Germany) and
the initiator of radical polymerization of azobisisobu-
tyronitrile («Merck», Germany) were also used to
modify the surface of the carbon sorbent. Impregna-
tion of carbon sorbent granules was carried out with
0.2—-1.0% solution of the initiator in N-vinylpyrroli-
done at pH 7.0-7.5, residual pressure of 15-20 mm
Hg, and the ratio of hemosorbent : initiator solution
in N-vinylpyrrolidone of 1 : 1.4—2.0 for 15—30 minutes
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Original sorbent (VNIITU-1)

F.

+ Ho

Aminocaproic acid
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N-vinylpyrrolidone

Initiator:
Azobisisobutyronitrile

F

Biospecific carbon sorbent

T4

C

FF
L D
F F

Pentafluorophenol ether

D

Carrier:
Mesoporous carbon sorbent

carbon sorbent

Puc. 1. Cxembl MogudUKaIMK yTI€POAHOTO cOpOenTa.
Fig. 1. Carbon sorbent modification schemes.

Ipumeyanue. a — Original (VNIITU-1)/Modified sorbent — ucxoansiiit (BHUNTY-1)/Moxuduimposatiiblii copbenT; aminocaproic acid —
amuHOKanponosast kucsora. b — dicyclohexylcarbodiimide — pukiorexkcukapbommmmu pentafluorophenol — nenradropdenosn; pentaflu-
orophenol ether — nierradropderonossiii ahup; polyalbumin — mommans6ymus; biospecific carbon sorbent — 6uocnenudmaecknii yroiepoasbiit
copbenr. ¢ — Modifier: N-vinylpyrrolidone — momudukarop: N-Busnimuppoiios; initiator: azobisisobutyronitrile — unutmarop: asobucuso-
Oy THPOHUTPHUIT; carrier: mesoporous carbon sorbent — HocuTesb: ME30HOPUCTHIN yrepoHbiii copoenT; polymer-modified carbon sorbent — mo-

JIMMepMOZI(DHUIIMPOBAHHBIN YITIEPO/HbII COPOEHT.

JIAJIW B TeyeHUe 2 4acoB, 3aTeM (hTOPYTJIEPOIHBIN
reMOCOPOEHT € aMUHOTPYTIAMU BBIIEPKUBAIU C
noJmMaab0yMuHOM B Teuenne 16—24 yacos 1 OTMbIBa-
u (pU3NOTOTUYECKUM PACTBOPOM XJIOPUIA HATPHSI.
Hannuve Ha TOBEPXHOCTH YTIEPOAHOTO copOeHTa
UMMOOMIN30BaHHOrO Geska (moananbOyMuHa) o-
TBEPKAAIN (DUBUKO-XUMUYECKIIMHU METOIAMU: CIIEK-
TPOOTOMETPUYECKUM aHAIN30M, TPOCBEYNBAIOTIEH
2JIEKTPOHHOI MUKPOCKOIHEI BBICOKOTO Pa3peleHus,
aTOMHO-CHJIOBOH criekTpockonuei. Cxemy cuHTe3a
npeacTaBuiv Ha puc. 1, b.

Penved m Mopdosornio mosepxuHocTu ucce-
IYeMBIX  00pPasioB  yTJIEPOAHOTO TreMocopOeHTa
U3YyYaJd METOJIOM PACTPOBOI 3JIEKTPOHHON MUKPO-

(fig. 1, b). Then the temperature was raised to
65—75°C and kept for 0.5—8 hours in an inert atmos-
phere [15]. The relief and surface morphology of the
carbon hemosorbent samples were studied by scan-
ning electron microscopy using electron microscope
JSM-6460 LV, JEOL (Japan).

The method of preparation of sorbents for the
study included vacuum deposition of a gold film,
10—15 nm thick, onto a sample. Six-ten granules of the
sorbent were studied. Fig. 2, a, e presents micropho-
tographs of the raw material, a sample of granulated
carbon sorbent (CS) and a modified polyvinylpyrroli-
done sorbent (CS-PVP). Data on the type of the poly-
mer film distribution on the surface of the particles of
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d e

e N T e

a — carbon sorbent original (VNIITU-1);

b — carbon sorbent VNIITU-1 modified with 20% aminocaproic acid solution;
¢ — molded carbon sorbent VNIITU-1 (CS-M);

d — carbon sorbent VNIITU-1 modified by albumin (CS-M-PA);

¢ — carbon sorbent VNIITU-1 modified by polyvinylpyrrolidone (CS-PVP).

Puc. 2. drekTpoHHO-MUKpPOCKonuyeckue (ororpadun rpaHyJ1 U yriaepoaHOil MOBEPXHOCTH HCXOHOTO (a) U MOAu(UIMPOBAHHBIX
(b—e) copGenToB.

Fig. 2. Electron microscope images of granules and carbon surface of original () and modified (b—e) sorbents.

IIpumeuanue. Carbon sorbent (CS) — yruepoaubiii copbenr (YC); original (VNIITU-1) — uexomusiit (BHUUTY-1); modified with 20%
aminocaproic acid solution — Mogudunmposantbiii 20% pacTBOpoM aMuHOKapoHoBoi kucaoTsl; molded (CS-M) — dopmosarnbiii (YC-D);
modified by albumin (CS-M-PA) — moaudunmposanubiii ansoymutom (YC-D-T1A); modified by polyvinylpyrrolidone (CS-PVP) — mozu-

urmposanmbrit nosmBuHMIITIIPppOIAoHoM (YC-TIBIT).

CKOIIUU C UCTIOJIb30BAHIEM 3JIEKTPOHHOTO MUKPOCKO-
na JSM-6460 LV, JEOL (Anonus). Metoauka uccoe-
noBanusi perbeda U MOPHOJIOTHE TOBEPXHOCTH
3aKJII0YACTCST B HAHECEHUH Ha 06paser] 30JI0TOi TIeH-
ku tosmuuoit 10—15 um.

Wccenegosaimi mo 6—10 rpanys o6pasiioB aToro
copbenTa. Kak BugHo Ha puc. 2, ¢, d, hopma u pasmep
rparys (hTOPYrIEPOIHBIX COPOEHTOB HE OTINYAIOTCS
OT MCXOJIHOTO 06pasIia  UMEIOT MOUTH C(hepIIecKyIo
dbopmy, penved m Mopdosiorus MTOBEPXHOCTU /10 U
nocyie GpTOPUPOBAHUS TTPAKTUIECKU HE M3MEHSIOTCSI.

[t MopmpuIIMpOBaHNST TOBEPXHOCTHU YTJIEPOI-
HOTO cOPOEHTA UCMTOTB30BAN TaKKe N-BUHUITHPPO-
munon («Merck», Tepmanust) 1 MHILIMATOP paglKaib-
HO¥T MOJIMMEpU3aIiy IUHUTPUIT a300UCH30MACISTHOT
kucyorel (IMHN3) («Merck», Tepmanmus). ITpormr-
Ky TpaHyJ YIJIEepPOAHOTO COpPOEHTA TPOBOIAUIIM
0,2—1,0% pactBopoM nHuUIMaTOPa B N-BUHUIIIHPPO-
swziode ipu pH 7,0—7,5, octarouriom gassernu 15—20 Mmm
PT. CT. ¥ COOTHOIIEHUN TEMOCOPOEHT : PACTBOP MHU-
nuaropa B N-sununmmpposugone 1 : 1,4—2,0 B Teve-
aue 15-30 munyt (puc. 1, b). 3atem temueparypy
nogHuMan 10 65—75°C 1 BbIIEP/KUBAJIN B TEUCHHUE
0,5-8 yacos B urepTHOIT armMocdepe [15]. Mopdoo-
THIO U pesibed) TIOBEPXHOCTH MCCIAETYEMBIX 00Pa3IioB
YTAEPOIHOTO COPOEHTA MCCIEN0BATM METOIOM pac-
TPOBOII 3JIEKTPOHHOIT MUKPOCKOIINH C UCTIOJIb30BAHN-
€M 2JIeKTPOHHOTO MuKpockota JSM-6460LV, JEOL.

Mertopuka OJATOTOBKY K HCCJIEIOBAHUIO COPOEH-
TOB 3aKJII0YAIACH B BAKYYMHOM HAITBLICHUH Ha 0OPa3e]
30710TOM TWIeHkn TosmuHoi 10—15 um. Mccnenoanu

modified carbon sorbent samples were obtained using
scanning electron microscopy (microscope JSM-
6460LV, JEOL) [15, 16]. «Depositions» in the form of
finely dispersed polymer particles of various shapes
were visible on the entire surface of the modified car-
bon granules. It demonstrates that the polymerization
of vinylpyrrolidone (VP) mainly occurs within the sur-
face defects, including cracks and channels, with the
formation of a local polymer coating (fig. 2, e).

The use of infrared spectroscopy allowed to
deepen the understanding of the vinylpyrrolidone
(VP) polymerization process on the surface of the
granular carbon sorbent when comparing the spectra
of the VP monomer, a solution of commercial
polyvinylpyrrolidone (PVP) and carbon granular sor-
bent before and after modification [15]. This study al-
lowed to control the VP polymerization process on the
carbon sorbent, whereis the study of polymer migra-
tion from the modified sample after contact with aque-
ous solutions allowed to assess the «prolongation» of
the effect of the resulting drug.

As it is known, the concept of «prolonged-action
drug» is used to develop drugs that provide a longer pe-
riod of therapeutic action of the active (pharmaceutical)
substance contained in them as compared to conven-
tional drugs with the same substance. The prolonged-
action drug should release the dose of the active
(pharmaceutical) substance continuously for a certain
period of time, thus maintaining a constant optimal level
of this substance in the body and eliminating excessive
increase and decrease in its concentration. In this case,
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110 6-10 rpany.1 o6pasios copbenTa. Ha pucynke 2 a, e
HpeCTaBUIN MUKPOhOTOrpacduu HCXOHOTO MaTepUa-
Ja — obpasiia rpaHyJIMPOBAHHOTO YTJIEPOIHOTO COP-
6erra (YC) u MoaupUIMPOBAHHOIO IOJUBUHAJIIND-
posmponom copbenra (YC-IIBII). C nomomupio
PacTpoBOIi AJIEKTPOHHON MUKPOCKONUU (MUKPOCKOI
JSM-6460LV, JEOL) OblLiau IIOJIydYeHbl CBEAEHUS O
XapakTepe pacipe/ieleHus] MOJUMEPHON MJIEHKH Ha
MOBEPXHOCTH YACTHI] MOAUDUIIMPOBAHHBIX 0OPA3IOB
yraepogHoro copbenra [15, 16]. B uactnocTy, Ha Beeit
MOBEPXHOCTH MOANGDUIIMPOBAHHOI YTI€POIHON TPAHY-
JIbl BUJTHBI «HATIBLIIEHUST> B BUJIE MEJIKO TUCITIEPCHBIX
HOJIMMEPHBIX YaCcTUI] padnooOpastoii hopmbl. BuHo,
yTo rnojuMepusanust BuHuianmupposuaona (BIT), B
OCHOBHOM, ITPOUCXOAUT B ZepeKTax MOBEPXHOCTH, B
TOM YHCJI€ TETISIX, KaHAIaX, ¢ 00pa30BaHUEM JIOKAJIb-
HOTO TIOJIUMEPHOTO TIOKPBITHUS (PUC. 2, €).

[Ipumenenne MHOPAKPACHON CHEKTPOCKOIINU
MO3BOJIUJIO YIJIYOUTh MPEACTABICHUS O Mpolecce
noruMepusanuu  BuHwianuppoaugona (BII) na
MOBEPXHOCTU I'PAHYJIMPOBAHHOTO YTJIEPOIHOTO COP-
GeHTa Mpu COTMOCTAaBJIEHUU CTIEKTPOB MoHOoMepa BIT,
pacTBopa KOMMEPYECKOTO TTOJTUBUHUIITHPPOIUIOHA
(TIBII) u yriepoaHoro rpaHy IpOBAaHHOIO COpOEHTA
JI0 U 1tocsie MoauduinpoBanus [15], 4To 1mo3BoJisieT
KOHTDPOJIMPOBATh Ipoiecc noaumepusarnuu BIT wa
YIJIEPOAHOM COPOEHTE, a U3ydYeH e MUTPAIUH TTOJIU-
Mepa ¢ MOAU(pUIIUPOBAHHOTO 06pasiia MpKU KOHTAKTe
C BOZIHBIMU PACTBOPAMU — OIIEHUTD «IIPOJIOHTHPOBAH-
HOCTb» JIEUCTBUSI TIOJTy4aeMOTO TIPerapara.

Kaxk nsBecTHo, moHsITHE <IIPENIAPAT IPOJIOHTHPO-
BaHHOTO JIEUCTBUSI> IPUMEHSIETCSI JIJIsT XaPAKTEPUCTH -
KU TaKKX MPernapaTos, KOTopbie obecriednBaioT Gosiee
JUTUTEJIbHBIN TIePUOJI TEPAIEBTUYECKOTO [eiiCTBUS
3aKJIIOYEHHOTO B HUX AKTUBHOTO (JIEKAPCTBEHHOTO)
BEIECTBA [0 CPABHEHUIO ¢ OOBIYHBIMU TIPEMAPATAMU C
TeM ke BellecTBOM. [Ipemapar nposioHrupoBaHHOrO
NEUCTBYsSI JIOJIKEH BBICBOOOKAATD [[03Y aKTHBHOTO
(JIeKapCTBEHHOTO) BEIeCTBA HENPEPBIBHO B TEUEHIE
OMPE/IETIEHHOTO MIePHO/Ia, COXPaHsIsl, TAKUM 00pPa3oM,
MOCTOSIHHBIIN OITUMAJIbHBIN YPOBEHD 9TOTO BEIECTBA
B OpraHu3Me M YCTPaHsisd U3JIUIIHEE MOBbIIIEHIE U
NOHUJKEHNEe ero KOHIleHTpanuu. B manHoMm ciyuae,
HaHeCeHHBIN MOANMUKATOP TTOIU-N-BUHUIITAPPOIIH-
JIOH BBICTYTIAET B KAueCTBE OUOJOTHYECKU aKTUBHOTO
KOMIIOHEHTA, MUTPUPYIOIIETO € YIJIEPOHOTO COPOEHTA
B TE€UEHIE MIePBOTO Yaca MOCJe KOHTAKTA C HUM.

[lesb uccie0Banus — ONPENEeUTh aHTHOAKTe-
pHUaJIbHbIE U AHTUMUKOTHYECKIE CBOIICTBA TOJIYYeH-
HBIX TPAHYJIUPOBAHHBIX YTJIEPOAHBIX COPOEHTOB.

MaTepI/IaJI U METO/1bl

AntnbakTepuaibHble CBOUCTBA COPOEHTOB MCCIEI0-
BaJIH 110 OTHOIIEHHIO K [TATOTEHHBIM 1 YCJIOBHO MATOTEHHBIM
MUKpoopranusmam: Staphylococcus aureus, Pseudomonas
aeroginosa, Klebsiella pneumoniae, Escherichia coli, Strepto-
coccus agalactiae a Takke K ux cmecsiM: cmech Ne 1 — Staphy-
lococcus aureus v Escherichia coli; cmech Ne 2 — Staphylococcus
aureus v Pseudomonas aeruginosa. Kysrypbl — 3T0 KINHU-

the applied poly-N-vinylpyrrolidone modifier acts as a
biologically active ingredient migrating from the carbon
sorbent within the first hour after contact with it.

The purpose is to study antibacterial and an-
timycotic properties of produced granular carbon
sorbents.

Materials and Methods

Antibacterial properties of sorbents were studied in
relation to pathogenic and conditionally pathogenic mi-
croorganisms: Staphylococcus aureus, Pseudomonas aerogi-
nosa, Klebsiella pneumonia, Escherichia coli, Streptococcus
agalactiae as well as their mixtures: mixture No. 1 — S. au-
reus and E. coli; mixture No. 2 — S. aureus and P. aeruginosa.
Cultures are the clinical strains isolated from wounds of the
patients who were in hospitals of Omsk. Identification of
bacteria was carried out on test systems produced by PLIVA
(Lachema Diagnostica, Czech Republic) using <MICROBE
Automaton» software. Microorganisms were tested for sen-
sitivity to modern antibiotics with disks with antibiotics
(Becton Dickinson, USA).

Dilutions and the number of seeded material were se-
lected empirically so that colonies that grew on the Petri
dish could be counted. Inoculations of working dilutions of
cultures under test served as reference samples. The concen-
tration of microbial cells was determined using device for
studying the turbidity of suspensions Densi-La-Meter
(PLIVA-Lachema, Italy). The studied mixtures of cultures
under test were prepared by mixing equal volumes of pre-
pared working concentrations of microbial cells with stirring
on a vortex shaker. The bacteria were sorbed from the saline
solution with a concentration of microbial cells of 3X10?
colony-forming units per 1 ml of the test sample (CFU /ml).
0.5 ml of the sorbent was introduced into an Eppendorf tube;
1 ml of microbial suspension was added; the mixture was
shaken to remove air bubbles and kept in a thermostat for 1,
3, 6 and 24 hours. All work was carried out in laminar box
BOV-001-AMS.

After the specified contact time of the sorbent with the
pathogenic microflora, 100 pl of the supernatant liquid was
taken; it was inoculated on sterile agar plates in Petri dishes
with the GMF-agar nutrient medium (JSC NITSF, St. Pe-
tersburg), placed in CO, incubator 15AS (Japan) for 24+2
hours, and incubated at 37+1°C. When counting the colonies
that grew on a Petri dish, only those dishes, where more than
300 isolated colonies had grown were taken into account. If
more than 300 colonies grew, the following was written in
the protocol: «<>3x102 CFU/ml». If colonies on the dish
could not be counted, the following was written in the pro-
tocol: «conluent growth». If the number of colonies was com-
parable and greater than the reference one, then the following
was written in the protocol: «comparable to the reference
sample» or <higher than that in the reference sample».

Results and Discussion

The results of the study of antibacterial proper-
ties of carbon sorbents against Gram-positive test mi-
croorganisms are presented in table 1 and fig. 3. In the
images, Petri dishes are arranged accordning to the as-
cending time of contact of the sorbent with patho-
genic microflora after control inoculation (marked as
«reference sample»).
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YecKUe MITAMMBbI, BbIJIEICHHbIE U3 PaH OOJbHBIX, HAXO/MB-
muxcs B kauHnkax I. Omcka. Viaentudukaimio 6akrepuii
MPOBOAMJIM  HA TecT-cucreMax TpomsBozpctBa PLIVA
(Lachema Diagnostica, Yexust) B KOMITBIOTEPHON TIPOTpaMMe
«MUKPOBDB Asromars. [IpenBapurepbHo TeCT-MUKpPOOpTa-
HI3MBI OBLJIN MCCJIEI0BAHBI HA YyBCTBUTEIBHOCTD K COBPE-
MEHHBIM ~ aHTUOHOTHKAM — (JIMCKM ¢ aHTUOUOTHKAMU
kommnanuu Becton Dickinsonand Company USA, npoussoz-
crBo Ireland, Benex, Limited).

OTBITHBIM TTyTEM MOAOUPAIIN TAKUE PA3BEICHUS U KO-
JIMYECTBO 3aCEBAEMOTO MaTepuasa, 4ToObl BBIPOCIINE HA
varke [leTpu kKosoHUN MOKHO ObLITO cocunTarh. KonTpo-
JIEM CJIYZKUJIH TTOCEBBI PabOUYMX Pa3BeleHUl UCIIBITYEMbBIX
KyJibTyp. KoHIIeHTpamio MUKPOOHBIX KJIETOK OTIPeIeIsLIi
Ha IpHOOPe /TSI NCCIIeIOBAHNSI MyTHOCTH cycrieHsuid Densi-
La-Meter (PLIVA-Lachema, Wanus). Mccienyembie cmecu
UCIBITYEMbIX KYJIBTYDP FOTOBUJIU CMEITIEHUEM PaBHBIX 00be-
MOB [PUTOTOBJIEHHBIX PAOOYNX KOHI[EHTPAIN MUKPOOHBIX
KJIETOK C TMepeMeInBaHueM Ha BOPTEKC-BCTPSIXUBATEIIE.
Bakrepun copbuposai 13 GU3MOJOrHIECKOro pacTBOpa ¢
KOHIIEHTpanneil MUKpoOHBIX Ki1eTok 3X10° komonneobpa-
sytonux exunutl B 1 mur nceaemayemoit mpoost (KOE /M), B
npobupKy THIa JrneHaopd BHOCUIN COPOEHT B KOJIHYe-
crBe 0,5 M1, 106aBsn 1 M1 MUKPOGHOI B3BECH, BCTPSIX-
BaJIN [T YIAJIEHUST TTy3bIPHKOB BO3/IyXa 1 BBIIEPKIBAIM B
Tepmocrate B Tedenue 1, 3, 6 u 24 gac. Bee paboThi mpoBo-
aun B lamuHapaom 6okce BOB-001-AMC.

ITo ucreyennn 3aJaHHOTO BPeMEHH KOHTAKTa COP-
GenTa ¢ maroreHHoN MUKPOGIOPOoii 0TOUpPAIN HaJ0CA0U-
Hyl0O JKUAKOCTH B o6beme 100 MK, 3aceBanm Ha
CTepUJIbHBIE arapoBble MJIacCTHHBI yamek Iletpu ¢ mura-
tesbHON cpenoit — TM@-arap (3A0 HUID, Cankr-Ile-
TepOypr) u nomemanun ux B CO,-unkybarop 15AC
(SInonus) Ha 24+2 yac. 1 MHKYOUPOBAIU IIPK TEMIIEpPAType
37+£1°C. Ilpu moacyeTe KOJOHWH, BBIPOCIINX Ha YalIKe
[TeTpu, yIUTHIBATN TOJIBKO Te YAIIKH, HA KOTOPBIX BBI-
pociio 6osiee 300 u30MpPOBaHHBIX KOJOHMIA. Ecaiu Bbipac-
tanmo 6osee 300 KOJTOHWIH, TO B TMPOTOKOJE OTMEUATH
«>3X10? KOE/mu». Eciint iojicueT KOJOHUI Ha YaliKax
OKa3bIBAJICSI HEBO3MOJKHBIM, TO B MPOTOKOJIE OTMEYAJIN
«cmBHOH pocT». Ecimn konmaecTBO KostoHuil ObLI0 COMO-
CTaBUMO U GOJIbIIIE IO CPABHEHUIO ¢ KOHTPOJIEM, TO B IIPO-
TOKOJIE OTMEYAJH «COMOCTABUM C KOHTPOJIEM» UJIH <BBIIIIE,
YeM B KOHTPOJIE>.

Pe3ysbTarhl H 00CyKA€EHHE

Pesyibrarsl ucce[0BaHust aHTHOAKTEPUATBHBIX
CBOMCTB yIJIEPOJHBIX COPOEHTOB IO OTHOIIEHUIO K
IPaMIIOJIOKUTENbHBIM TECT-MUKPOOPTAHU3MAM MTPE/I-
craBusu B Tabu. 1 u Ha puc. 3.

It has been found that both samples of carbon
granular sorbent CS (VNIITU-1) and CS-PVP (VNI-
ITU-1 modified by polyvinylpyrrolidone) demon-
strate the antibacterial activity against Gram-positive
bacteria, but they differ depending on the time of con-
tact. In particular, the CS sample exhibited an anti-
bacterial effect against S. aureus within 3 hours after
contact, and the CS-PVP sample demonstrated it
within 6 hours. Growth of S. aureus test microorgan-
isms is completely suppressed 24 hours after their con-
tact with the CS-PVP sample. Carbon sorbents
demonstrated sufficiently high antibacterial activity
against S. agalactiae: the CS sample suppressed the
growth of test microorganisms within 3 hours after the
contact, and the CS-PVP sample did the same within
1 hour (fig. 3).

Thus, microbiological bench studies found that
granular carbon sorbent VNIITU-1 exhibited antibac-
terial activity against Gram-positive microorganisms.
The presence of poly-N-vinylpyrrolidone in the struc-
ture of the modifier increased the antibacterial prop-
erties. Poly-N-vinylpyrrolidone solutions reduced the
toxicity of E. coli and Proteus, and also induced agglu-
tination of microbial cells [17, 18]. The CS sample
demonstrates antibacterial properties against Gram-
negative bacteria P. aeruginosa, K. pneumonia, E. coli
(fig. 4) within 24 hours.

The study of antibacterial properties of the CS
sample against the mixture of test microorganisms
demonstrated the following:

— after the contact of CS with a mixture of cul-
tures (E. coli and S. aureus), there was a gradual
decrease in the growth of colonies of Gram-positive
bacteria S. aureus (in 6 hours after the contact);

— after the contact of CS-PVP with a mixture
of cultures (P. aeruginosa and S. aureus), therewas a
slight decrease in the growth of colonies of P. aerogi-
nosa (in 6 hours after the contact);

— poor growth of pathogenic microflora for mix-
tures of cultures No. 1 and No. 2 in 24 hours after the
contact was noticed.

At the same time, the sample of granulated sor-
bent CS-PVP showed a pronounced antibacterial ac-
tivity against Gram-negative microflora: there was no
growth of colonies of the test organisms E. coli 6 hours
after contact, and the growth of K. pneumonia and

Taﬁjmu,a 1. AHTI/I6aKTepI/IaJIbH])Ie CcBoOiicTBa YIJI€poaHbIX COp6eHTOB 110 OTHOIIEHUIO K I'PaMIIOJIOKUTEJIbHBIM TECT-MUK-

poOpraHusMam.

Table 1. Antibacterial properties of the carbon sorbents against gram-positive test microorganisms.

Samples Staphylococcus aureus Streptococcus agalactiae
Contact time, hours
1h 3h 6h 24h 1h 3h 6h 24h
Reference 103 103
CS 103 3x10? 3x10? 2x10? 10° 20 20 20
CS-PVP 10° 10° 3x10? 0 10 0 0 0

Note. For tabl. 1, fig. 3, 4: CS — carbon sorbent VNIITU-1; CS-PVP — VNIITU-1 modified by polyvinylpyrrolidone.

IIpumeuanue. Sorbent samples — o6pasibl copbenTa; contact time — Bpemst konrtaxra. s tabor. 1, puc. 3, 4: CS — YC, yriepoaubiii
copbent BHUUTY-1; CS-PVP — YC-IIBII, BHUNTY-1, MoanduImpoBaHHbiil HOJIUBAHIITTHPPoarIoHOM. [{is taba. 1, puc. 3, 4, 7,

8: reference — konrTposn; samples — o6pasiwr; hours (h) — vacos.
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Reference
sample 24 h

®

CS

Reference
sample 24 h

¥

Reference
sample 24 h

a — Staphylococcus aureus

CS-PVP

Reference
sample 24 h

Puc. 3. Pe3yabrarsl HCCAE0BAHUS AHTHOAKTEPUAIBHBIX CBONCTB YIJIEPOJHBIX COPGEHTOB 10 OTHOIIEHHIO K TPAMIIOJIOKUTEIHHBIM

T€CT-MUKPOOPraHu3dMaM.

Fig. 3. Results of investigation of antibacterial properties of the carbon sorbents against to Gram-positive test microorganisms.

Ha cunmkax vamkm Iletpu pacriosioskeHsr 1o
BPEMEHHU KOHTaKTa cOpOEeHTa ¢ TaTOreHHOW MUKPO-
J10poii 1ocsie KOHTPOJIBHOTO TToceBa (0603HAUEH KAK
<KOHTPOJIb ).

BoistBusin, uto o6a 06pasifa yriepoaHoro rpamy-
saposantoro copbenta YC (BHUUTY-1) u YC-TIBIT
(BHUNTY-1, mogudummpoBanublii osm-N-BUHNII-
MUPPOJIUAOHOM) TIPOSIBISAIOT aHTHOAKTEPUATBHYIO
AKTUBHOCTD B OTHOTIICHUHU IPAMITOTIOKUTEILHBIX OaK-
Tepuii, HO B 3aBUCUMOCTH OT BPEMEHHM KOHTAaKTa
oHa pasaudaercsd. B wactHocTtH, o6pasen YC okasbi-
BaJI aHTHGAKTEPUATbHOE JIEHCTBYE O OTHONICHUIO
K S. aureus ysxe yepe3 3 4aca 11ocJie KOHTaKTa, a 00paserl
YC-IIBII — crrycrs 6 vacos. Uepes 24 yaca rmocJie KOH-

P. aeruginosa stopped as early as 3 hours after the
contact (fig. 4).

Therefore, the efficacy of the modified CS-PVP
sample against Gram-negative microorganisms can be
presented as follows: K. pneumonia > S. aeruginosa >
E. coli. The enhancement of antibacterial properties of
the modified sorbent CS-PVP can be explained by in-
troduction of polyvinylpyrrolidone into its composi-
tion, which increases its antibacterial properties by
5-15% [17, 18]. The antibacterial properties of the
modified sorbent CS-PVP against Gram-positive and
Gram-negative bacteria can be explained by their in-
teraction with polymerized N-vinylpyrrolidone. Anti-
bacterial properties of PVP depend on its structure
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Reference
sample 24 h

Reference
sample 24 h

Reference
sample 24 h

a — Klebsiella pneumonia

sample 24 h

b — Escherichia coli

¢ — Pseudomonas aeruginosa

Reference
sample 24 h

Reference

Reference
le24 h

CS-PVP

CS-PVP

Puc. 4. Pe3yJIbTaTbl HCCJIeJ0OBaHUA aHTl/I6aKTepl/IaJIbH]:lX CBOICTB YIII€EPpOOHBIX COPGCHTOB 0 OTHOIIEHHUIO K TPaMOTPHUIIATE/IbHBIM TECT-

MHKpOOpraHnu3Mam.

Fig. 4. Results of the study of antibacterial properties of the carbon sorbents against Gram-negative test microorganisms.

takTa obpasita YC-IIBII ¢ TecT-MUKPOOpraHu3MaMu
S. aureus TIOTHOCTBIO TIOJIABJIATICS UX pocT. B oTHorre-
nun S. agalactiae yrnepoyabie COPOEHTHI TTPOSIBIISLIN
JIOCTATOYHO BBICOKYIO aHTHOAKTEPUATbHYIO aKTHB-
HOCTB: o6paser] YC mojaBJisii POCT TeCT-MUKPOOpTra-
HU3MOB I10 UCTEUEHUH 3-X YACOB MOCJTe KOHTAKTA, a
o6paser; YC-TIBII — mo ucreuenun 1 yaca (puc. 3).
TaxkuMm 06pa3zoM, CTEHIOBBIMI MUKPOOHOJIOTITYE-
CKUMU UCCJIE0OBAHUSIMU YCTAHOBUJIN, YTO TPAHYJIIH-
poBaHHBIN yraepoaubiii copbent BHUNTY-1 o6aa-

and presence of the lactam ring in the structure: the
main interaction of bacterial cells occurs with the ni-
trogen atom of pyrrolidone PVP cycles (fig. 5). Due
to the presence of a hydrophobic polymer chain and
hydrophilic carbonyl groups in the PVP structure, it
is possible to bind physically bacterial cells to the
polymer matrix (adhesion). The binding may also be
due to the Coulomb interaction of a negatively
charged cell membrane and a positively charged pro-
tonated nitrogen atom in the polymer macromolecule.
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naet aHTHGAKTEePUATIbHOM AKTUBHOCTBIO B OTHOIIECHU Y
IPaMIIOJIOKUTENbHBIX MUKPOOpPranusmos. [IpucyT-
CTBUE B CTPYKType MoaudukaTopa moju-N-BUHUTI-
MUPPOJIUIOHA TTOBBIIAET AaHTHOAKTEPUATIbHBIE CBOM-
ctBa.  PactBopbl  moJin-N-BUHUIIMPPOIUAOHA
CHIZKAIOT TOKCUYHOCTH KUIIEYHON NAJIOYKHU U TIPOTes],
a TaK’Ke OKA3bIBAIOT aArrJIIOTHHUPYIOIIee AelCTBIE Ha
MuKpobHble kieTku [17, 18]. B orHomeHun rpaMor-
puLaTeIbHbIX OakTepuii P. acruginosa, K. pneumoniae,
E. coli o6pasen; YC npossisaia anTubakTepuasbHble
cBolicTBa uepes 24 yaca (puc. 4).

[lpu  uccaegmoBanuu  aHTUOGAKTEPUATBHBIX
CBOWCTB 06Pa3IOB COPOEHTOB MO OTHOIIEHHIO K CMECH
TeCT-MHKPOOPTaHU3MOB YCTAHOBUJIU CJIEYIOIIee:

— IIpU KOHTAaKTe cO cMecbhio Kyabryp YC
(Escherichia coli n Staphylococcus aureus) nabonaer-
Cs1 IOCTETIeHHOE CHUKEHNE POCTA KOJIOHUI TPaMIIOJIO-
KUTENbHBIX Gaxrtepuit Staphylococcus aureus (110
ucTeyeHnu 6 4acoB OC/Ie KOHTAKTA);

— IIpu KOHTaKTe co cMechio Kyabryp YC-TIBII
(Pseudomonas aeruginosa u Staphylococcus aureus)
OTMEYaeTCs HeOOIBIIOE CHUKEHUE POCTA KOJIOHUI JITIst
P.aeroginosa (110 ucredernu 6 4acoB 11ocJjie KOHTAKTA);

— <CKYIHBIIl POCT» MATOreHHOW MUKDPOGDJIOPHI
1t emeceit KysibTyp Nel u Ne2 1o ucreuennu 24 yacos
MOCJI€ KOHTAKTA.

Bmecte ¢ Tem, obpaser rpaHyIuPOBAHHOTO COP-
6enTa YC-IIBII 1posiBJIsi BRIPaKeHHYIO aHTHOAKTEPH-
AJIbHYI0 aKTHBHOCTb 110 OTHOIIEHUIO K TPAMOTPHIIATE b~
HOI MukpodJiope: poct kosonuii E. coli orcyTcTBoBa
o ucTedeHUu 6 4acoB IMOCJe KOHTAKTA, & POCT
K. pneumoniae n P. aeruginosa npexparauccs yxe 1o
HCTeYeHNH 3-X YacOB 1ocJie KOHTaKTa (puc. 4).

AP dexkTuBHOCTD MOAUBHUIIPOBAHHOTO 06pasiia
YC-TIBII no orHolIeHNWI0O K T'PaMOTPUTIATETbHBIM
MUKPOOPraHU3MaM MOKHO PACIIPENIEIUTh B CIIEIYIO-
meM psay: K. pneumonia > S. aeruginosa > E. coli.
[TosblneHe aHTUOAKTEPUATBHBIX CBOHCTB MOIU(Y-
nuposanuoro copbenta YC-TIBII M0oxHO 00bACHUTD
BBeJIEHIEM B €r0 COCTaB IOJUBUHUJIMUPPOIUIOHA,
KOTOPBIN Ha 5—15% ycuauBaer ero anTubGaKTepuaib-
Hble cBoiicTsa [17, 18]. AHTuGaKTEpUAIbHbIE CBOMICTBA
Mozuduimposantoro copberra YC-ITBII o otHo1me-
HUIO K TPAMIIOJIOKUTETbHBIM U TPAMOTPULIATETBHBIM
GaKTEPUSIM MOJKHO OOBSICHUTD UX B3AUMOJICHCTBIEM C
HOJIMMEPU30BAHHBIM N-BHHUJITUPPOIUIOHOM. AHTH-
Gakrepuasbhble cBoiictBa IIBII o6ycioBieHbl ero
CTPOEHUEM U HAJTMYUEM B CTPYKTYpPE JIAKTAMHOTO
KOJIBIIa: OCHOBHOE B3aUMOJICHCTBIE HaKTePUATBHBIX
KJIETOK ITPOMCXO/IUT C aTOMOM a30Ta IPPOJIUIOHOBBIX
mukyoB [IBIT (puc. 5). baiarogapst HaImauio ruipo-
(hobHOIT oIMMepHOI 1ern 1 TuAPOGUIbHBIX Kapho-
HUJIbHBIX rpynn B ctpykrype [IBIT Bodmokno dhusu-
4eCKoe CBS3bIBaHME OaKTEPUANBHBIX KJIETOK C
nosimMepHo# Matputiei (aaresus ). CBg3biBanue, BO3-
MOJKHO, 0OYCJIOBJIEHO TaK/Ke KYJOHOBCKUM B3auMO-
NEUCTBUEM OTPUIATEIHHO 3aPSKEHHO MeMOpaHbl
KJIETKU ¥ TOJIOJKUTENBHO 3aPSIKEHHBIM ITPOTOHIPO-
BaHHBIM aTOMOM a30Ta B MAKPOMOJIEKYJIE ITOJIUMEPA.

B-lactam antibiotics
with bactericidal action

._ﬁ_E'Z_}.

Poly-N-vinylpyrrolidone

HC——CH

N

78N\

Bond in the B-lactam
ring is exposed
to hydrolysis
by B-lactamases

Cephalosporins

Puc. 5. Mosekyibl aHTUGHOTHKOB U 10JU-N-BUHHIIUPPOJIH-
JI0HA.

Fig. 5. Molecules of antibiotics and poly-N-vinylpyrrolidone.
Note. Lactam rings are highlighted.

IIpumeyanue. JlakramHbie KOJIbla BbiieseHbl. 3-lactam antibiotics
with bactericidal action — -nakramubie anTuGnoTHKE GaKTEPH-
nuaHOoro fAeiictBust; penicillins — nenwnummes; cephalosporins —
nedanocnoputsr; poly-N-vinylpyrrolidone — nosm-N-susausmnup-
posuzion; bond in the -lactam ring is exposed to hydrolysis by -
lactamases — cBsA3b B B-JAKTAMHOM KOJIbIE, MOJABEPracMast
IUJPOJINBY B-TTaKTaMa3aMu.

The therapeutic effect of poly-N-vinylpyrroli-
done is based on its antibacterial properties: the ability
to bind toxins entering or produced in the body and
to remove them from the body. A similar structure of
PVP and -lactam antibiotics is an interesting fact
(fig. 5).

According to the corresponding classification,
polyvinylpyrrolidone belongs to y-lactams. It can be
assumed that the polymer-modified carbon sorbent
CS-PVP acts like 8-lactam antibiotics against path-
ogenic microflora and demonstrates bactericidal
properties.

It is now known that bacteria gradually develop
resistance to S-lactam antibiotics due to the synthesis
and action of lactamases. Unlike $-lactam antibiotics,
y-lactam ring in PVP is less accessible for «attacks» of
lactamases, and the number of such centers in the
polymer is much higher than the concentration of en-
zymes produced by bacteria. The selected synthesis
conditions allowed to obtain a sorbent of prolonged
action. Over time, the polymer migrates (desorbs)
from the sorbent in the form of polymer chains after
the contact with the biological environment and be-
comes capable to interact with bacterial cells (fig. 6).

The antibacterial properties of the modified CS-
PVP sample are compared with the effect of modern
antibiotics: according to its action, the polymer-mod-
ified sample CS-PVP serves not only as a good alter-
native to antibiotics, but also has a noticeable
advantage over them.
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Tepanestuueckutii achdexT rmosm-N-BuHUITTUPPO-
JIMJIOHA OCHOBAH Ha €ro aHTUGAKTEPUATbHBIX CBOM-
CTBaX: CMIOCOGHOCT CBA3BIBATH TOKCUHBI, IOCTYITAIONHE
Wu 06pasyIoNnecss B OpraHusMe, U BBIBOJUTD MX U3
oprauusma. VnrepecHbiM (DaKTOM SIBJISIETCSI CXOXKee
crpoenue ITBII u 3-naktaMHbIX aHTUOUOTUKOB (PHC. 5).

[To cooTBercTBYIOMIEH KIaccuUKAIIN MOJTUBH-
HUJITTUPPOJIUIOH OTHOCUTCS K y-JTaKTamMmaM. MOXKHO
[PE/IIOJI0KUTh, YTO MOJUMEPMOAUPUIINPOBAHHBII
yriepomubiii copbent YC-TIBII B oTHOIIEHUN TTATO-
reHHOH MUKPOMJIOPHI AeiicTBYeT 1M0A00HO S-1aKTaM-
HBIM aHTHOMOTUKAM U TIPOSIBJISIET OaKTEePUIIHIHBIE
cBoiicTBa.

B macrosiee BpeMst U3BECTHO, UTO K B-aKTaM-
HBIM aHTHOMOTHKAM OAKTEPHUH MOCTENEHHO BHIPabaThI-
BAlOT YCTOMYMBOCTH 3 CYET CHTE3A U JICHCTBUS JIaK-
tamas. B orimume OT [S-JaKTaMHBIX aHTHOMOTUKOB,
y-nmaktamHoe kombilo B IIBIT menee pocrtymuo s
«aTak» JlaKTaMas, U KOJWYECTBO TAKUX IIEHTPOB B
MoJIMepe 3HAUNTETHHO TTPEBBINAET KOHIIEHTPAIIIIO
(dhepmeHTOB, BbIpabaTbiBaeMbIx OGakTepusimu. Ilojo-
GpaHHbIE YCIIOBUSI CUHTE3a TIO3BOJIAJIN TTOJYIUTh COP-
GEHT TIPOJIOHTUPOBAHHOTO JeiicTBus. C TeueHeM Bpe-
MEHH MOJTUMED TIPH KOHTAKTe ¢ GUOJIOTMIECKOU CPeoit
MUTpHUpYyeT (secopoupyercst) ¢ copbeHTa B BUJIE MTOJIH-
MEPHBIX Ilelieil U crocoOeH B JaHHO# (hopme K B3anMo-
JEeHUCTBUIO ¢ GaKTepraJbHbIMU KJIeTKaMu (puc. 6).

Antubakrepuanbibie CBOICTBA MOAUMDUIIUPO-
Banuoro oopasua YC-IIBII conocrasiiensl ¢ aeiicTBu-
€M COBDEMEHHBIX aHTHOHOTHUKOB: M0 CBOEMY JIeil-
CTBUIO  TOJMMEPMOAUGBUIIMPOBAHHBII  0Opasell
YC-IIBII city:kuT He TOTBKO XOPOTIeH albTepHATHBOM
AHTUOMOTHKAM, HO 1 00J1a/IaeT 3aMETHBIM [TPEUMYIIle-
CTBOM Tiepeji HUMHU.

Ha ocnoBanum pesy.ib-

Based on the results of the research, the possibil-
ity of enhancement of the antibacterial properties of
granular carbon sorbents against pathogenic and con-
ditionally pathogenic microflora has been demon-
strated. The modification of the carbon sorbent with
PVP resulted in a polymer-modified sample with pro-
longed antibacterial properties against a wide range of
microorganisms (E. coli, S. aureus, P. aeruginosae) and
against a mixture of cultures. The effect of the modified
sample CS-PVP against bacteria P. aeruginosae is es-
pecially significant, because studied antibiotics proved
to be ineffective against their growth. The obtained
test results has shown that the modified sorbents pos-
sess significant biospecific properties and belong to
promising materials for sorption therapy. Data show
that the sorbent modified by glycolic acid oligomer
(CS-GA sample) has an antibacterial effect against
Gram-positive and Gram-negative monocultures and
their mixtures at a contact time of at least 3 hours.

In addition, the granulated carbon sorbent mod-
ified with glycolic acid also demonstrates antimycotic
properties against pathogenic yeast-like fungi Candida
albicans and Candida krusei at a contact time of at
least 1 and 3 hours, respectively (fig. 7).

Samples of the carbon sorbent modified by lactic
acid oligomer (sample CS-LA), exhibit moderate an-
tibacterial activity against the following microorgan-
isms: S. aureus, Staphylococcus epidermidis,
Staphylococcus pyogenes, S. agalactiae, Escherichia
Jfaecalis, P. aeruginosa, K. pneumoniae, E. coli. They
possess a potent antimycotic effect on the cultures of
yeast-like fungi C. albicans (sensitive at a contact time
of at least 1 hour). It has been found that the studied
samples of the modified sorbent exhibit significant an-

TATOB TIPOBE/ICHHBIX UCCIIEO0-
BaHMIA TOKa3aHa BO3MOKHOCTD
TOBBIIIEHNST aHTUOAKTEPHATb-
HBIX CBOIICTB rPaHyJINPOBAH-
HBIX YTJIEPOMHBIX COPOEHTOB
M0 OTHOIEHWIO K TTaTOTEH-
HOH U yCJIOBHO 1IaTOr€HHON
mukpodope. Moauduka-
I[UST YTJIEPOIHOTO copOeHTa
[IBII mo3BosgeT mOTydInTh
MOJIMMEPMOAUPUITUPOBAH-
HbII1 06pasel, 00J1a1a0 it
aHTUOAKTEPHATbHBIMU CBOI-
CTBaMHU TIPOJIOHTUPOBAHHOTO
IENICTBUS 110 OTHOIIEHUIO K

Modified sorbent

Functional ©
groups

Migration of a modifier from

(in biological media)

the surface of the carbon carrier

Colonies of Staphylococci
&
ol
K /

ro

&

5

Formation of complexes of the modifier

with the protein membrane of Staphylococcus
(suppression of colony growth,

death of Staphylococci)

ol

e

Q

IIMPOKOMY CIIEKTPY MHUKPO-
opranusmos (E. coli, S. aureus,

. HU3MaMH.
P. aeruginosae) m x cmecn

Puc. 6. Cxema B3aumozeiicTBust Moan(pHIIPOBAHHOTO COPOEHTA € MATOTEHHBIMH MHKPOOPra-

KyJssTyp. OcoGeHHO MoKa3za-
TeJIbHBIM SIBJISIETCSI JIEMCTBUE
MOAU(DUILIPOBAHHOIO 00pa3-
ma YC-IIBII B orHormenun
Gaxrepuii P. aeruginosae, st
HOZABJIEHUS POCTA KOTOPbIX

Fig 6. Scheme of interaction between the modified sorbent and pathogenic microorganisms.
IIpumeuanue. Modified sorbent — moxudunmposanmbiii copbent; colonies of Staphylococci — xo-
Jsonnu craduiokokka; functional groups — dyHkImonatbHbie rpymnbl; migration of a modifier from
the surface of the carbon carrier (in biological media) — murpaims Mmoaudukaropa ¢ IOBEPXHOCTH
yraIepoAHoTo HocuTedst (B Gruosornyeckux cpeaax); formation of complexes of the modifier with
the protein membrane of Staphylococcus (suppression of colony growth, death of Staphylococci) —
06pasoBaHne KOMILIEKCOB MOIU(BUKATOPA € 6ETKOBOI 000J04KO0l cTaduIoKOKKa ([0IaBIEHNE Pas-
MHOKEHUS KOJOHUH, Tn6esib cTaI0KOKKOB).
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L2 ] Candida albicans
- i

Candida albicans

Reference sample

Candidua krusei

Puc. 7. Pe3yJbraThl OLIeHKH aHTHMHKOTHYECKHX CBONCTB YIJIEPOHOr0 copOeHTa, MoAN(DHUIIMPOBAHHOTO OJIMTOMEPOM ITIMKOJIEBOI KHC-

notel (o6pasen YC-TK).

Fig. 7. Results of evaluation of the antimycotic properties of a carbon sorbent modified by glycolic acid oligomer (CS-GA sample).

BCe HCCIIelyeMble aHTHOMOTHKI OKa3aJnch He ahdek-
TuBHBL [lorydentble pe3yIbTaThl NCTIBITAHUI TTOKA3AIIH,
94TO MOAMMUIUPOBAHHBIE CBOPOEHTBI 06JIa/IAI0T BBIPa-
JKEHHBIMHU GHOCTICIIN(DUYCCKUMI CBOMCTBAMI ¥ SIBJISTIOT-
CsI IEPCTIEKTUBHBIMU MaTEPUATIAMU JIJIsT COPOIIMOHHO
Tepanuu. Pe3ysbraThl Micc/ieI0BaHUT MO3BOJISTIOT YTBEP-
JKJIATh, YTO COPOEHT, MOM(UIIPOBAHHBII OJIMTOMEPOM
rymKosieBoii kucsorsl (obpasen; YC-TK), obiazaer anTu-
GaKTepPUATILHBIM JICHCTBUEM TI0 OTHOIIEHHIO K TPAMITO-
JIO;KUTETBHBIM 1 TPAMOTPHUIIATETTBHBIM MOHOKYJIBTYPaM
U UX CMeCSIM ITPU BPEMEH! KOHTAKTA He MeHee 3 4acoB.

Kpome Toro, rpanysMpoBaHHBIN yTIepPOIHBII
copbenT, MOAUMUINPOBAHHbII IINKOJIEBOI KICJIO-
TOI1, MPOSIBJISIET TaKKe M aHTUMHUKOTHYECKUE CBOII-
CTBa MO OTHOTIEHUIO K TIATOTEHHBIM JIPOJKIKETON00-
ubM rpubam Candida albicans n Candida krusei ipn
BpeMeHU KOHTaKTa He MeHee 1-T0 U 3-X 4acoB COOT-
BeTCTBEHHO (puc. 7).

O6pastibl yriaepoaHoro copbeHTa, MoaupuImpo-
BAHHOTO OJINTOMEPOM MOJIOUHOU KHCJIOTHI (0Opaserr
YC-MK), nposiBAsIioT yMepeHHO BhIPAKEHHYTO aHTHU -
GaKTepUaIbHYIO aKTHBHOCTH 10 OTHOTICHUTO K MUK-
poopranusmam S. aureus, Staphylococcus epidermidis,
Staphylococcus pyogenes, S. agalactiae, Escherichia
Jfaecalis, P. aeruginosa, K. pneumoniae, E. coli. Oun
00JIA/IATOT CUJTBHO BHIPAKEHHBIM AHTUMIKOTHYECKUM
JeliCTBUEM I10 OTHOIIEHUIO K KYJIBTYPaM JIPOKIKEIO-
no6ubIX 1pu6oB C. albicans (4yBCTBUTENbHbI IIPH BPe-
MEHU KOHTaKTa He MeHee 1 yaca). YcTaHOBUIIH, YTO
HccIIeyeMbie 00pasiisl MOANGUITUPOBAHHOTO COPHEH-
Ta 06JIAJIAT0T BHIPAKEHHBIMU AaHTUMUKPOOHBIMI CBOIA-
CTBAMHM O OTHOMICHWIO K GaKTepUaIbHO-TPUOKOBOIT
accoranuu Kyasryp S. aureus + C. albicans (ipu Bpe-
MEHM KOHTaKTa He MeHee 1 4.).

BeisiBriin taxike, 4To obpaser, MoaupuIpo-
BAHHBIM COMOJUMEPOM TIJIMKOJIEBOW M MOJIOUHOM
kucyor (obpasen; YC-I'K-MK), npossisger antubak-
TePUAJIbHYTO0 AKTUBHOCTD 110 OTHOIIEHUIO K TATOT€H-
HBIM MOHOKYJIBTYpaM S. aureus, P. aeruginosa, E. coli,
K. pneumoniae n nx cmecsim. Kpome Toro, ycranosu-
JI, 4TO MOAUMDUIUPOBAHHBIN COPOEHT aKTUBEH TI0

timicrobial properties against bacterial-fungal associ-
ation of S. aureus + C. albicans cultures (at the contact
time of at least 1 hour).

It has been also found that the sample modified
by a glycolic and lactic acid copolymer (CS-GA-LA
sample) demonstrates antibacterial activity against
pathogenic monocultures of S. aureus, P. aeruginosa,
E. coli, K. pneumoniae and their mixtures. In addition,
it was found that the modified sorbent retained activ-
ity against antibiotic-resistant Gram-negative bacte-
ria Acinetobacter calcoaceticus and against yeast-like
C. krusei fungi. The antibacterial and antimycotic ef-
fect of this sample was observed after the first hour of
contact with microorganisms (fig. 8).

The high antibacterial and antimycotic properties
of the modified carbon sorbent samples are explained
by the acid-base properties of the applied hydroxy acid
oligomer: after the contact of the oligomer with the bi-
ological medium, pH decreases. Data indicate that a
gradual migration of deposited GA, LA, and GLA
oligomers in the form of mono-, di — and trimers (hy-
drolysis of hydroxy acid esters) occurs during the in-
teraction of modified sorbents with the saline. Local
<«acidification» of the medium is a detrimental factor for
the life of pathogenic microorganisms [18]. Features of
the applied modifiers and polymer compounds formed
by them represent the hypothetical mechanisms of
biospecific action of the developed materials.

It is known that glycolic and lactic acids are ca-
pable to penetrate through the cell membrane of the
bacterial cell and change its acid-base balance due to
their hydrophilic properties and small size [9, 10, 18].
The thinner the membrane of the bacterial cell, the
more sensitive it is to the pH changes. Published data
consider several possible processes that occur in a bac-
terial cell when acid molecules penetrate it, which can
lead to destruction and death of a cell of pathogenic
microorganisms. Impairment of the acid-base balance
of the cell internal environment due to a pH drop leads
to «acid stress» or «oxidative stress». The vital activ-
ity of a cell is reduced due to the energy loss, which is
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Acinetobacter calcoaceticus
Reference sample

1 h after the contact
with the CS-GA-LA sample

1 h after the contact
with the CS-GA-LA sample

24 h after the contact
with the CS sample

Mixture of S. aureus
and P. aeruginosa
Reference sample

Puc. 8. Pe3yabraThl OlIEHKH aHTHOAKTEPUAIbHBIX CBOICTB YIIE€POJHOIO COPOEHTa, MOAUMUIUPOBAHHOTO COMOJIMMEPOM TUPOKCH-
kuciaor (oopasen YC-TK-MK), no oTHOLIEHHIO K TpPaMOTpuULiaTebHol 6aktepuu Acinetobacter calcoaceticus (a, b), u k cmecu Gak-
TepUaNbHBIX KyJAbTYD Staphylococcus aureus, Pseudomonas aeruginosa (c—e).

Fig. 8. Results of evaluation of antibacterial properties of carbon sorbent modified by hydroxy acids copolymer (CS-GA-LA sample)
against Gram-negative bacterium Acinetobacter calcoaceticus (a, b), as well as against the mixture of bacterial cultures Staphylo-
coccus aureus, Pseudomonas aeruginosa (c—e).

IIpumeuanue. Mixture of — cmecn; ... h after the contact with the CS/CS-GA-LA sample — nocie ... yacoB KOHTakTa ¢ 006pa3iom

YC/YC-ITMT.

OTHOLIEHUIO K aHTUOMOTHUKOPE3UCTEHTHOI IPaMOT-
puLaTebHOi bakTepun Acinetobacter calcoaceticus n
B OTHOIIEHUH APOAKKEN0oN00HbIX rpruboB poza C. kru-
sei. AnTubGakTepuasbHOE U AHTUMUKOTUYECKOE e~
CTBHE JaHHOTO oOpasia oTMedanu yxke mocjie 1-ro
yaca KOHTaKTa ¢ MUKpoopraHnuaMamu (puc. 8).
Bricokue anTuGaKkrepuabHble U aHTUMUKOTHU-
YyecKHue CBOMCTBA MOAM(UIMPOBAHHBIX 00Pa3IOB
YIJIEPOAHOrO COpOeHTa OOBACHAIOTCA KUCIOTHO-
OCHOBHBIMU CBOWCTBAMU HAaHECEHHOTO OJIMTOMEPA
TUAPOKCUKUCIIOTHL: TIPH KOHTAKTE OJIMromMepa ¢ 6uo-
Jlornueckoit cpesioii camkaercs pH, ato cBuzerens-
CTBYIOT O TOM, UTO TIPU B3aMMOJIEHCTBUN MOIUDUIIH-
POBAaHHBIX COPOEHTOB ¢ (PUBNOJOTHIECKIM PACTBOPOM
MIPOUCXOJIUT TIOCTENEHHAsT MUTPAIUs HAaHECEHHbBIX
ommromepoB 'K, MK u TMK B Buzie Mmono-, in- u Tpu-
MePOB (THIPOJN3 CJOKHBIX 3(PUPOB THAPOKCUKIC-
got). ITpoucxoauT JOKaIbHOE «3aKUCIECHUES> CPEIBI,
YTO ABJSAETCS IyOUTENbHBIM (DAKTOPOM IS JKU3He-
JIeITETbHOCTHU TTaTOTeHHBIX MUKPOOpranu3aMoB [18].
IIpeamnonaraeMbie MeXaHU3MbI GHOCHENN(DUIECKOTO
neicTBUs paspaboTaHHBIX MATEPUAJIOB 3aK/II0YAI0TCS
B OCOOEHHOCTSX HaHECEHHBIX MOAUDUKATOPOB U
06pasyeMbIX UMH TIOJUMEPHBIX COeIMHEHHIA.

spent on restoration of the pH of its internal environ-
ment or normalization of the functioning of the inter-
nal electronic transport chain. In the first case, the
energy of the cell is expended for (a) removal of their
own acids produced as a result of its vital activity to
the environment and (b) synthesis of metabolites with
the basic groups. In the case of the «oxidative stress»,
cell energy is spent on the formation of free radicals to
restore cellular mechanisms (metabolism of oxidative
reactions, electronic transport system).

Data on the sensitivity of pathogenic and con-
ditionally pathogenic microflora and fungi C. albicans
to sorbents using the agar-diffusion test are shown in
table 2. From table 2 it is evident that the granulated
VNIITU-1 demonstrates lower antibacterial and an-
tifungal properties compared to modified sorbents.

Conclusion

Modified sorbents as antimicrobial and detoxi-
fying drugs may further be employed in treatment of
obstetrical-gynecological and surgical diseases. The
carbon sorbents are promising materials for medicine,
as they expand the potential of sorption therapy in
clinical practice.
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Experimental Studies

TaGmmia 2. ARTHOaKTEpHATbHBIE H ATAMUKOTHYECKHE CBOMCTBA IPaHy IMPOBAHHBIX COPOEHTOR.
Table 2. Antibacterial and antimycotic properties of granulated sorbents.

Culture under test

Granulated sorbents

VNIITU-1 VNIITU-1-LA VNIITU-1-GA VNIITU-1-LGA

S. aureus * D T EE
S. epidermidis * o FEE P
S. pyogenes * w5k FEE R
S. agalactiae * ok e Py
E. faecalis * o FEE P
Ps. aeruginosa * ok D o

K. pneumoniae * e S o

E. coli * o wF P

C. albicans B A FERE FEEE

Note. Diameter of the zone of microbe growth inhibition of (area of the sorbent's action): * — <10 mm; ** — 10 to 15 mm; *** — 15 to

20 mm; **** — >20 mm.

IIpumeuanue. Culture under test — uccaeayemas kysnrypa; granulated — rpanyauposannbie; VNIITU-1 — BHUNUTY-1; VNIITU-1-
LA —BHUUTY-1-MK; VNIITU-1-GA — BHUUTY-1-TK; VNIITU-1-LGA — BHNUUTY-1-MI'K. /I[nameTp 30HbI TTOIaBJI€HUS POCTA
MUKPOOOB (30Ha aeiicTBus copbenta): * — menee 10 Mmm; ** — o1 10 10 15 Mm; *** — o1 15 10 20 Mmm; **** — Gosree 20 Mm.

V3BecTHO, YTO IIUKOJIEBAST 1 MOJIOUHAST KICJIO-
TBI, 6aIarogaps THAPOPUILHBIM CBOTCTBAM 1 HEHOb-
IIOMY pPa3Mepy, CIIOCOOHBI TTPOHUKATH Y€Pe3 KIETOU-
HyI0O MeMGpaHy GaKTepuaIbHOM KJIETKW U M3MEHSTh
ee KICJI0THO-0CHOBHOM Gastatc [9, 10, 18]. Yem TomHb-
e MeMGpaHa GaKTepUATbHO KJIETKU, TEM OHA Yy B-
cTBUTENbHEe K 3MeHeHnsM pH. B mureparype pac-
CMaTPHUBAIOTCS] HECKOJBKO BO3MOJKHBIX MTPOIIECCOB,
MPOTEKAIONNX B GHaKTePUATbHON KJIETKE TIPU MPO-
HUKHOBEHUU B Hee MOJIEKYJ KUCIIOT, KOTOPbIE MOTYT
MIPUBECTH K PA3PYIICHUIO ¥ THOETU KJIETKU MaTOTeH-
HBIX MUKpPOOpranmsMoB. Hapyiienue KucJIoTHO-
OCHOBHOTO Oajianca BHYTPEHHEN CPeibl KJIETKU 3a
CUET Pe3KOTo CHWKeHus pH mpuBoanT K BO3HUKHO-
BEHUIO «KHCJIOTHOTO CTPECCA» UJIU «OKCUAATUBHOTO
cTpeccar. JKusHenesaTeTbHOCTh KIETKU CHUKAETCS
3a CYeT TIOTepU 9HEPTUHU, KOTOPAs 3aTPAUYNBAETCS HA
BoccTaHoByieHue pH ee BHyTpeHHe cpeibl U HOP-
MaJIM3aIuio GYHKIIMOHUPOBAHUS BHYTPEHHEH 2J1eK-
TPOHHOM TpaHCTOPTHOU Ienu. B mepBoM ciydae,
DHEPTHs KIeTKU 3aTPAuYMBAETCS: Ha TIPOIleCC yaae-
HIUST BO BHEIITHIOIO CPEY COOCTBEHHBIX KUCJIOT, TIPO-
IOYIUPYEMBIX B Pe3yJIbTaTe JKI3HEeAeITeNbHOCTH; Ha
cuHTe3 MeTaBGoJUTOB C OCHOBHBIMM TpyrmaMu. B
CIy4yae «OKCUIATUBHOTO CTPeCcca» 9HEePrusl KJIETKH
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UyBCTBUTENBHOCTh MATOT€HHOW ¥ YCJIOBHO-
naroreHHoit Mukpodopsl, rpubos C. albicans 110
OTHOIIECHUIO K COPOEHTAM, OTIPEIEJICHHYTO arap-1ud-
(by3HBIM METOIOM, TTpeIcTaBUIN B Ta0JI. 2. Kak BuaHo
u3 Tabn. 2, MoamdUKalUM TPAHYIUPOBAHHOTO
BHUUWTY-1 npogaBisioT 3HAYUTEIbHO OOJIee BbIPa-
JKEHHYIO TI0 CPABHEHUIO C MCXOHBIM COPOEHTOM aHTH-
GaKTEpPUATBHYIO AKTUBHOCT.

3akjaoyeHue

BoisiBIeHHBIE aHTUMUKPOOHBIE, IETOKCUIIUPYIO-
mye CBOMCTBA MOAUMDUIMPOBAHHBIX COPOEHTOB
ABJISIOTCSA  JIONOJHUTENbHBIM OOOCHOBAHUEM UX
WCITI0JIb30BAHUS B KOMILJIEKCHOH TEPAIuy aKyIepPCcKo-
TMHEKOJIOTUYECKOUM U XUPYPTUYECKOH MaToJIOTUH.

PaspaboTanibie yriepoiHbie copOeHThI, 001a-
JAIOIIIe BBIPAsKEHHBIM aHTUMUKPOOHBIM 1 aHTUDYH-
TUIU/IHBIM JIEHCTBUEM, SBJISIOTCS EPCIEKTUBHBIMU
MarepuagaMu JIJIsi MEJIUIIMHBI, TaK KaK PACIIUPSIOT
BO3MOKHOCTH COPOLIMOHHON Tepaliy B KINHUIECKON
MPaKTHKE.
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