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Co3snaHue 6M0COBMECTUMBIX IIOKPHITUI ISl KCEHOTEHHBIX MaTEPUAJIOB, UCITOIb3YEMbIX ISl M3TOTOBJIE -
HUSI TIPOTE30B CEPACUYHbBIX KJIATIAHOB, SBJISICTCS aKTYaJIbHOM U, K COXXAJIEHUIO, 10 CUX ITOP HE PEIIeHHOMI
3amaveil. Heobxomumo caenaTh 6momMaTepuall, KOTOPBIid OyIeT COOTBETCTBOBATh IO MEXaHUUYECKUM Xa-
paKTepUCTUKAM KJlallaHy YejIoBeKa, 00J1agaTh aHTUMUKPOOHBIMM CBOMCTBAMM, YTO KPUTUIECKM BaKHO
B IepBble AHU nociie onepauuu. C 3TOM LETbI0 MOXHO MCITOIb30BAaTh OMOCOBMECTUMBIE ITOKPLITHS,
M 0Ka3aJIoCh, YTO IS UX CO3JaHMS ITOIXOIAT IeTOHALIMOHHbBIE HaHOaaIMa3bl. DYHKIIMOHAIBHO Pa3BU-
Tasl IOBEPXHOCTh HAHOAJIMA30B MO3BOJIIET aACOPOUPOBAThL HA HUX AaHTUOMOTUKU, OHU HETOKCUYHBI
U He BBI3bIBAIOT JOIOJIHUTEILHOIO KaJbLIMHO3a. B paMKax JaHHOM pabOThI MPEMIOXKEHO MOTydeHUE
KOMITO3UIIMOHHOTO MOKPBITHSI, COCTOSILErO U3 HAHOAJIMA30B, JIM30LMMa U MUPAMUCTHHA, KaK aHTHU-
MUKPOOHBIX ar€HTOB LIMPOKOIo CIeKTpa AeicTBUsl. Mcronb30BaHue MEYEHHBIX TPUTHEM HaHOAIMAa-
30B TMMO3BOJIMJIO UCCJIENOBATh paclpee/ieHne KOMIUIEKCOB HaHOAIMa3—TU301[UM MPpY BHYTPUBEHHOM
BBEIEHUHU MBIIIAM, KOTOPOE M0KAa3aj10, YTO OOJIbIIAs YaCTh MaTepralia OCTAETCS B MECTE MHBEKIUM.
ITokazaHo, YTO KOMIIO3UT HAHOAIMA3—IM30LUM—MUPAMUCTHH MPOSIBIISIET CUIbHYIO AaHTUMUKPOOHYIO
AKTUBHOCTD,B TO BpeMSI KAK KOMILJIEKC HAaHOAIMAa3-MUPAMUCTUH HE MPOSBIISIET TOKCUYHOCTH I10 OT-
HOILIEHUIO K 30JIOTUCTOMY CTa(pMIOKOKKY. TakuM 00pa3oM, KOMITO3UT HaHOAIMAa3—/IM30LMM—MUpa-
MMCTHH MOXET ObITh MCIIOJIb30BaH [IJIs1 CO3IaHUSI MTOKPHITUI MaTeprajia IpoTe3a CEPAeYHOro KiiamnaHa.
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BBEAEHHME

KceHoreHHble OMoIOrnyeckme MpoTe3bl KiarnaHoB
cepana OJM3KU MO reMOAMHAMMYECKUM CBOMCTBaM
C KJIalTaHOM Y€JI0BEKa, a TaKXe, B OTJAUYME OT MeXa-
HUYECKUX MPOTE30B, HE TPEOYIOT IPUMEHEHMUS M-
TeJbHON aHTUKOAryJsIHTHOU Tepanuu. [ToaTomy oHuU
LIMPOKO MPUMEHSIIOTCS B Xxupypruu [1—4]. s us-
TOTOBJIEHUS TaKWX MPOTE30B UCMOJb3YIOT NEepUKap
KPYITHOTO CKOTa (OBIMMIiA, JIOIIAANHBIN UJIM CBUHOM),
KOTOPBIii MpencTaBisieT co0oii 6orarylo KojlareHoM
COEIMHUTEIbHYIO TKaHb [5]. [ToaTOMY B KauecTBe Oj-
HOTO 13 0OOBEKTOB IAHHOTO UCCJIEN0BaHUS ObLIa UC-
MoJib30BaHa KoJIJJareHOBasi MaTpulia ObIYbETO TMepu-
Kapzaa.

st yaydieHuss MeXxaHu4eCKUX CBOMCTB MaTepHU-
ajla MOT'YT OBbITh MCTOJIb30BaHbl HAHOAIMA30COIEP-
xamrve mokpbeitus [6]. [TokaszaHo, 4TO HaAHOAIMAa3hI
He yXyALIaloT coCcTosTHUE KpoBHU [7, 8]. DyHKIMO-
HaJILHO pa3BuUTasl MOBEPXHOCTh HAHOAJIMAa30B AETO-
HAIlMOHHOTO CUHTEe3a IMO03BOJIsIeT HAHOCUTH Ha UX
MOBEPXHOCTh pa3iMuHbIe JIeKapCTBEHHbBIE CpeaCTBa
[9—13], B TOM yHnciie aHTUOUOTUKM, YTO KPUTUIECKU
BaXXHO B TepBOE BpeMs MOCJIe ONepaluu Imo mnepe-
canke cepaeyHoro kiaamana [10, 14—16]. IToka3aHa
AHTUMUKPOOHAss aKTUBHOCTb KapOOKCUIUPOBAHHBIX
HaHoaJIMa30B B BOJHOM CYCII€H3WU B OTHOIIEHUU
Escherichia coli [17], koTopast MOXeT OBITh YCUJIEHA
HUCTOJIb30BaHUEM aHTUOMOTUKOB. CUJIBHBIM aHTUMMU -
KPOOHBIM CPEACTBOM SIBJSIETCS OCH3UAAMMETHI|3-(-
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MUPHUCTOMIAMMHO )IIPOMIIJI | aMMOHMMAXJIOPU, U3BECT-
HBIii 110 KOMMEpUECKUM HaszBaHueM MupaMuctun®
(cTpykTypHasi ¢opmysa npuBeaeHa Ha puc. 1) [18,
19]. OnHako npu aacopOLUMK Ha HaHOAJIMa3axX aHTU-
CeNTUYECKME CBOMCTBA MUpaMUCTUHA TepsitoTcst [20].
Hns coxpaHeHUsI aHTUMUKPOOHBIX CBOWMCTB MUpaMU-
CTHHA B COCTaBe KOMILIEKCA ¢ HaHOAJIMa3aMu Tpe-
JIOXKEHO MPOBECTU MpenBapUTENbHYI0 MOAUGUKAITUIO
MOBEPXHOCTU HAaHOAJIMa30B OUOIoJUMeEpPaMu, YTOOBI
W3MEHUTH LIEHTPHI B3aUMOACHCTBUS MUPaMUCTHHA
C MOBEPXHOCTHIO TIpU agcopouuu. OOIHUM U3 BO3-
MOXHBIX OMOMOJUMEPOB MOXET ObITh OEJI0OK JIN30-
LIUM, KOTOPBIi 001a1aeT COOCTBEHHOW aHTUMUKPOO-
HOI aKTMBHOCTBIO, a TaKXKe CIoco0eH 00pa3oBhIBaTh
KOMIUIEKChI ¢ MUpamMucTuHOM. [TokazaHo, 4yTo 06pa-
30BaHNE KOMIIO3MTA JIM30IIMM—MHUPAMUCTHH TTPUBO-
JIUT K YCUJIEHUIO OAKTepUOJIUTUYECKOM aKTUBHOCTU
Jm3ouuma [21].

B naHHoi1 paboTe ObLIM MOJYYEHBI U OXapaKTepu-
30BaHbl KOMITJIEKCHI HaHOAIMAa3—JIM30IMM—MHUpPaMHU-
ctuH. C TOMOIIBIO MEYEHHOTO TPUTHUEM MUPAMUCTIHA
HCCJIeoBaHa €ro ancopO1ysl Ha KOMIIO3UTax HaHOAaJI-
Ma3—au3oLuM. M3 KOMIJIeKCOB HaHOAIMa3—JIM130-
LUM—MHAPAMUCTHH OBLIN ITOJTyY€HBI MOKPBHITHUS KOJLIa-
TEHOBOI MaTPULIbl OBIYLETO MEPUKapaa U UCCIIeNOBaHa
AHTUMUKPOOHAsI aKTUBHOCTD MTOJTYYEHHBIX TTOKPBITHIA
110 OTHOIIIEHMIO K OCHOBHOMY BO30yauTeIo 3aboje-
BaHUI B MOCTONEPALIMOHHBIN MEPUON, — 30JI0TUCTOMY
ctaUIIOKOKKY (Staphylococcus aureus).

OKCITEPUMEHTAJIBHAA YACTb

B pabote mcmonp3oBaau HaHOAJIMa3bl OEeTOHA-
LIMOHHOTO CUHTE3a, NMPOU3BeIecHHbBIE KOMMIAaHUEH
PlasmaChem (I'epMaHus) u mocrasisieMbie B (hopme
nopouika Mapka PL-D-G01 (DND), a Takxxe HaHO-
aJMa3bl, TTOCTaBlIsIeMble B (DOpMe BOTHOM CYyCIIEH3UU
10 macc.% (SDND). I1pu ipoBeneHUM aacopOIIMOH-
HBIX 9KCIIEPUMEHTOB CYCITEH3UIO pa36aBiIsia 0 KOH-
LIEHTPALIMU 5 MT/MJI, a U3 TTIOPOIIKA TOTOBUJIN CYCITeH -
3u1o (5 MI/Mi1) AUCIIepTUPOBAaHUEM ITOPOIIKA B BOAE
C TIOMOIIIBIO YIIETPa3BYKOBOM BaHHBI [pan.

Hanoanmassl OblIM OXapaKTepU30BaHBI C I10-
moibio MK-cnekrpomerpuu B auamnazoHe 4000—
1100 cM™!, yoeabHyI0 MOBEPXHOCTD OIPENEISUIN C T10-
MOIIBIO aHAlM3a U30TepPM ancopOouuu/gecopoumnn
azota. [IJ1sl 3TUX 9KCIIEpUMEHTOB CYCIIeH31I0 HaHOa -
Ma30B BBICYIITBAJIM.

Mupamuctun® (Mudamen, Poccus) u nusouum
kypuHoro siina (MP Biomedicals, CIIIA) ucrnonb3o-
Bajv 63 MpOBeAeHUST JOITOTHUTEIbHOM OYMCTKU.

KosnareHoBble MaTpUlibl TepruKapaa OUONpoTes3-
HOTrO KJlamnaHa cepaua, crabunuzupoBaHHbie 0.625%
pacTBOPOM TJIyTapOBOI'o ajbAeruaa u oopadboTaHHbIE
1% pactBOpOM momenmicyiabgara HaTpus [22] B BuIe
mwiactuH, obutu nipegoctasieHbl IICCX um. A. H. ba-
KyJieBa.
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Puc. 1. CtpykrypHast popmyna MUpaMUCTHHA.

JJ1s1 MpUTrOTOBAEHUS CYCIIEH3UIA U paCTBOPOB UC-
MOJIb30BaJIM BOMY, OYMILIEHHYIO C TIOMOIIIBIO CUCTEMBI
Milli-Q.

MeueHHbIe TPUTUEM HaHOAIMa3bl U MUPAMUCTUH
TOJTyJaJTu C TIOMOIIIBIO METOIAa TEPMUUYECKOI aKTHUBA-
nuu Tputus [23, 24].

OnpenesieHne aacopoIMy MUPAMHCTHHA HA TOBEPX-
HOCTH HaHoaima3oB. K BogHoOi1 cycnieH3uu HaHoa-
MazoB, comepxaileid 1 Mr TBepaoii dasbl, 100aBISIU
pacTBOp MEYEHHOTO TPUTUEM MHPaAMHCTHHA C KOH-
neHtpauueii ot 0.02 no 2 MM, yaenbHas pagioaKTHB-
HOCTb MUpaMUCTUHA MeHsutach oT 1.4 no 0.014 Tbhk/
moub. CycneH3uu nHKyoupoBaau npu 25°C B TeueHHne
2 CyTOK, 3aTeM CYCIIeH3UU LEeHTPUDYTUPOBaIU B Te-
yenue 10 muH npu 12100Xg, orObupanu pacTBop Haf
0CaIKOM U M3MEPSITU €T0 pamroaKTUBHOCTD C TIOMO-
IIbI0 METOJA XXUAKOCTHON CIIMHTWIISIIMOHHON CrieK-
TpoMeTpuu. PaccunTbiBasiv 3HaUYeHUsI paBHOBECHOM
koHueHTpauuu (C) u ancopouun (I') mo ypaBHeHUSIM
(1) 1 (2) COOTBETCTBEHHO.

1
CexVyxay’ 1
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e I — CKopocTh cueTa, € — 3(pHEKTUBHOCTh peTrv-
CTpalVM B-U3Ty4eHus] TPUTHA, V; — 00beM aJTMKBOTEI
pacTBopa Haji 0CaJkOM HaHOAIMa30B, d,, — YIe/IbHasl
pagnoaKTUBHOCTh MUpaMUCTHHA, C, — HadajbHas
KOHIIEHTpAINSI MUPAMUCTUHA, V' — 00BEM CyCTICH3UH,
m — Macca HaHOaJIMa30B.

g onpeneneHus Konndectsa Mupamuctuna ('),
CBSI3aHHOTO C HAHOAJIMa3aMM, OCaJIOK JIeKaHTUPOBAJIH,
MPOMBIBAIM BOMOM, JOOABISIN CUMHTUIUISILIMOHHYIO
SKUJIKOCTb ¥ MPOBOAWIN U3MEPEHHE PATMOAKTHUBHOCTH.

I

= b
SXCZYI[Xm

[ 3)

roe [, — peructpupyemMasi CKOpOCTb cueTa, BeJu-
YVHBI €, A, ¥ M — ONMCaHBbI B ypaBHeHUsX (1) u (2).

IIpu uccnepoBaHuuM agcopOLUKM MUpPaMUCTUHA
Ha MOAUMUIUPOBAHHBIX JM30LIMMOM HaHOAaJIMa-
3aX K CYCIIEH3UM HaHOMaJIMa30B C KOHIeHTpaluei
1 Mr/mia 1o6aBsSIIv JIM30LMM 0 KOHEYHOU KOHIIEH-
tpauuu 4.7 mr/mi. CycneH3Uun UHKYOUPOBAIH TIpU
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25°C B TeuyeHue 48 4, 3aTeM LEHTPUDYTUPOBAIU MPU
12100Xg, ocamok IeKaHTUPOBAJIU, IIPOMBIBAJIA BOIOM.
INonyyeHHBIE HAHOAIMA3bI UCITOIL30BAIU IIPU UCCIIE-
JOBAaHUM afcopOLMM MUpaAMUCTHHA IO METOAMKE,
OIMCAaHHOM BBILIIE.

N3mepenne (pepMeHTATHBHON AKTHBHOCTH JIM30LMMA.
OnpeneneHue GepMEeHTATUBHON aKTUBHOCTU JIN30-
LIMMa Ha TTOBEPXHOCTU HAHOAJIMA30B 0 OTHOIIEHUIO
K TPaMIOJIOXUTENbHBIM OaKTepUAIbHBIM KJIETKaM
Micrococcus luteus NpoBOIMIN C UCIIOJIB30BAaHUEM
TypOMAMMETPUYECKOTO MeToaa. [ IToCTpOeHMs Ka-
JIMOPOBOYHON 3aBUCMMOCTU aKTUBHOCTHU JIM30LIMMa
OT ero colepaHMsI TOTOBUJIM CEPUIO PACTBOPOB JIU30-
uMa ¢ KoHueHtpauusmu ot 0.05 go 0.25 mr/ma. Ha-
BeCKY JIMOPWIN3UPOBAHHBIX KIeTOK M. luteus (Sigma,
CIIA) maccoii 4.9 + 0.2 mMr pacTBOpsiid B 1 MJI BOIBI.
J1st oripenenieHrsT ONTUYECKOM MIOTHOCTU UCCIENy-
€MBbIX pacTBOPOB UCIMOJIb30BaIU CIIEKTPO(POTOMETP
UV-5100 (Hitachi, fdmoHust), onTiyeckoe IorIoneHe
peructpupoBanu npu 650 HMm. M3mMepeHus mpoBoOIIA
B KIOBeTax C JJMHOM ONTUYECKOTO IMyTHU 1 cM 1 00be-
moM 1 mi1. B ktoBety BHOCHIM 950 MK Boabl 1 30 MKJI
CYCIIEH3UU KJIETOK M PETUCTPUPOBATIU OINTUUYECKOE
TMONIOIIEHNE B TeUeHUE 5 MUH, a 3aTeM nooasisian 20
MKJI pacTBopa jJu3onuma. Ilorydyanm KaaudpoBOYHYIO
KPUBYIO 3aBUCMMOCTY U3MEHEHMST ONTUYECKOI TUIOT-
HOCTH OT KOJIMYECTBA JIM301IMMAa, KOTOPYIO UCIIOJIB30-
BaJIM [IJis pacueTa KoJM4ecTBa (pepMeHTa Ha ITOBEpX-
HOCTHW HaHOAJIMa30B MPU UX MOTU(GUITMPOBAHUY JTH -
30LIMMOM.

N3yvyenne pacmpenejeHds HAHOAJIMA30B H KOM-
MJ1E€KCOB HAHOAIMA3—JM30IUM in vivo. DKCIEpUMEHT
OpOBOAMIM Ha MbIlIaXx—caMmMKax JuHun BALB/c
(25—30 r) n3 muromuuka CronbdoBas (MockoBckas
obmactb, Poccust). ZKMBOTHBIX comepKaayd B UHIM -
BUAYaIbHO-BEHTUJIMPYEMBIX KJleTKax T2 mpu UcKyc-
CTBEHHOM OCBEIIEHUM C 12-9aCOBBIM PEXHUMOM, CO
CBOOOJHBIM AOCTYIOM K TMOJIHOPALIMOHHOMY KOPMY
(000 “JlabopaTtopkopMm”, Poccust) u Bome. Bee uc-
cliefoBaHus OuopacnpenaeaeHusl MPOBOIWINCH B OfI-
HUX U TeX Xe SKCIEePUMEHTATbHbBIX YCIOBUSIX C TPEeMS
SKUBOTHBIMU Ha TpyImy. Kaxkmoit MBI BBOIWUIIN Ye-
pe3 XBOCTOBYIO BEHY BOAHYIO CYCIIEH3MIO HaHOAIMa-
30B WM KOMILIEKCa HaHOAJIMa3—JIM30LUM B J03€ M0
HaHoaJIMa3zaM 5 MTI/KT Macchl Tejla U pailoaKTUBHO-
cti HaHoaiMa30B 740 kbk. Yepe3 30 MUH BBINTOTHSIIIA
9BTaHA3UI0 T'MJIbOTUHUPOBAHUEM, KPOBb OTOMpAIU
B npooupku, conepxawmne K;EDTA. Janee Hemen-
JIEHHO TIPOBOAMJIM ayTOTICUIO C U3BATHEM OPTaHOB lie-
JIUKOM: Cepille, JerKue, IeueHb, cele3eHKa, MoYKH,
TOJIOBHOI MO3T, TUMYC, SUYHUKH, XBOCTOBAas BeHa.
Opransl pacTtBopsiid B Solvable liquid (PerkinElmer)
110 METOIWKEe, peKOMEHIOBAaHHOM ITPOU3BOINUTEIIEM.
Ilocre moaHOTO pacTBOPEHMS OpraHa aIMKBOTY pac-
TBOpPa BHOCUJM B CHUHTWIISIIUOHHYIO XUIKOCTD
UltimaGold scintillation cocktail (PerkinElmer) u u3-
MepsUIH PaTMOaKTUBHOCTD C TIOMOIIIBIO KUIKOCTHOTO
CUMHTUJUISIIIMOHHOTO CITEKTPOMETpA.

YEPHBILIEBA u np.

IToyyenne mOKpbITHIA HAHOAIMA3—TH30IIMM —MHAPa-
MHCTHH HAa MOBEPXHOCTH KOJLIAreHOBbIX MaTpuu. [Tomy-
YyaJu KOMIUJIEKC HAaHOAJIMa3—IU30LUM—MUPAMUCTUH
COIIACHO METOJIMKE, OMMCAaHHOM Bhie. [1pu ompe-
JeJIeHUU KOJUYecTBa HaHOAJIMa30B Ha TMTOBEPXHOCTHU
MAaTpUII UCITOJI30BAIM MEUCHHBIE TPUTHUEM HaHOAJI -
Masbl. [Tociie moaydyeHus: KOMILIEKCOB TOTOBUJIM UX
CYCIIEH3UHU C KOHEYHOM KOHIIEHTpAlUEX HAHOATIMA30B
1 MT/MJI ¥ IOMEIAIA B HUX KOJIJIAaTeHOBBIC MATPUIILI.
Martpuiibl B CyCIIeH3UsIX BbIACPXKUBAIU CYyTKH, najee
noMemanu B ¢pusznosornueckuii pacrsop. Iocie nx
BBICYLIWBAJIM OO MTOCTOSIHHOM Macchl (,), pacTBo-
PSIM B a30THOM KUCJIOTE MPU KUTITYeHUH. OXJTaxKaanu
B Mopo3uibHoi Kamepe npu —20°C B TeueHue 20 MUH,
pas0aBIsIM BOAOI, TIEPEHOCUJIM B MPOOUPKU THUIIA
Eppendorf, nenrpudyruposamm 15 mun npu 12100xg
U TIPOBOAMJIM U3MEpPEeHUEe CKOPOCTU cueTa ocaiaka
(Zyeq00¢) ¥ PACTBOPA HAZL OCATKOM (/,01150)-

KonunuecTBo HaHOalIMa30B Ha IOBEPXHOCTU
o6uotkanu (I'y,) onpenensim no ypaBHeHUIO (4)

I +1

_ Yocadox pacmeop
o == 7 ,
Ay X My,

4)

rie ay, — yaenbHas pajiioaKTUBHOCTh HAHOAIMA30B,
€ — 3(ppeKTUBHOCTDb PETUCTPALIUU.

1St XapaKTepUCTUKHU TTOJIyYeHHBIX ITOKPBITUIA Me-
TOIaMU CKAaHUPYIOLIEH 3JIEKTPOHHON MUKPOCKOIIUH
U oTpeeieHUs] aHTUMUKPOOHBIX CBOMCTB MOKPBITUI
WCTIOJIb30BAJIA HEPAAMOAKTUBHbBIE KOMITOHEHTHI.

Onpenesienne AaHTUMUKPOOHOH AKTHBHOCTH TOKPBI-
mhii. OLIEHKY aare3un 6akTepuii K MOTU(pUIIMPOBaH-
HBIM 1 KOHTPOJIbHBIM 00pa3iiaM KoJTareHOBbIX MaTpUII
nepukapaa nposonmin B coorBerctBuu ¢ TOCT P
MCO 11737-1-2000 [25]. B kauecTBe TeCT-KYyJbTYp
ObUIM BBIOpaHBlI KIMHUYECKME IITAMMBI OaKTEepUii
Staphylococcus aureus (30J0TUCTbIN CTA(DUIOKOKK), BbI-
3BIBAIOIIIME OCJIOXKHEHMS TTOC/Ie MPOBENEHMS OIepaluu
110 3aMeHe KiaraHa. Bce moarotoBuTebHBIE pabOTHI
W YCCIIeIOBAHUS MPOBOAWIN B CTEPUIIBHBIX YCIOBUSIX
IIpU TeMIepaType okpyxatolei cpenbl: 20—22°C.

M3 cyTOYHBIX KYJIBTYp TOTOBIJIM CYCTIEH3UM IO
Mak—®apnanny ¢ KoHueHTpauuei 10° xiaeTok/mi.
HMccnemyembie 00pa3iibl KOJUIAr€HOBBIX MaTPUIL C Ha-
HECEeHHBbIM HaHoOajMa3ocoAepXalluM TMOKPbITUEM
MOTPYXaJIM B MOATOTOBAEHHBIC CYCIIEH3UN KYJIBTYD
U MHKYOMpoBaiu B Tepmoctate npu 37°C B TeueHUe
4 4. [To OKOHYaHUU BKCIO3ULIMU 00pa3lbl U3BJIEKAIU
1 OTMBIBAJIM C LIEJIbIO YIAJICHUS U3UIIKOB CyCTICH3UN
Y HeaAre3upoBaHHbBIX KJIETOK KYJIbTYpP, OTMbIBAJIM CTE-
punbHBIM 0.9% NaCl 1 BBICYIIMBAIN Ha CTEPWIHLHOM
(unbvrpoBanbHOil Oymare. Jlajiee nenajiu oTrnevyaTku
C ONBITHBIX U KOHTPOJIbHBIX 00pa310B, MOCIea0Ba-
TeTbHO MPUKJIAALIBAs IMAAKYI0 M BOPCUHYATYIO CTO-
POHBI KOJIJITATEHOBBIX TJIACTMH K MOBEPXHOCTU TTUTA-
TeJIbHOM cpenbl XMHTOHa—MIoJjuiepa ¢ Mocaenyoinmm
pacTupaHueM JocCyXa MOyYeHHBIX OTITEYaTKOB.

Nel 2024
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TTocne mpoBeneHHON anMIMKALUMKA KaXaylo Iia-
CTUHY pacTupaiud B 1 MJ cTepuabHOTO (hU3UOJIO-
TMYECKOIO0 PacTBOpPa CO CTEPUJIbHON CTEKISTHHOWM
Kpoukoii. [TonyyeHHBIe ToMoreHathl 1o 0.5 mi 6e3
pa3BeneHus 1 ¢ 10-KpaTHBIM pa3BeaeHUEM ITOMeEIaIn
Ha TUTOTHYIO IMUTATENbHYIO0 cpeny XuHTOHa—Miojuiepa
U pacTUpaju 1ocyxa CTepWIbHBIM 1maTesaeM. [ToceBbl
ONBITHBIX M KOHTPOJBHBIX 00pa3lioB Ha cpene XWH-
ToHa—MIoJJIepa UTHKYOMpPOBail B TEPMOCTATE B Te-
yeHue cyTok npu temmneparype 37°C. [To okoHuaHUM
WHKYOalluyu MOACYUTHIBAIN KOJUUYECTBO KOJOHMIM
KM3HECTIOCOOHBIX KJIETOK TECT-MUKPOOPTaHW3MOB Ha
HCCIIeayeMbIX U KOHTPOJIbHBIX 00pasliax.

PE3VIJIBTATBI U OBCYXIEHUE

XapakTepucTHKA M aHAJIM3 KOMILIEKCOB HAHOAIMA3—
Ju3onuM. B nanHOI paboTe IIpoBeacHO AeTaIbHOE MC-
cliefoBaHUe KOMILJIeKca HaHOAJIMa3—JIM30LUM U Ha-
HoaJIMa3—JIM30LMM—MUpPaMUCTUH. B paboTe ucmosib-
30BaJIM HAHOAIMA3kl, 0 (PYHKIIMOHAJIBHOMY COCTaBY
UASHTUYHBIE TeM, KOTOPbIE MCIIOJb30BAINUCh paHee
[26] (puc. 2). YoenbHas TOBEPXHOCTD, ONpeAeieHHast
¢ MOMOIIBIO aHa/IM3a U30TEPM aacopOoLuu/aecopo-
U1 a30Ta ¥ paccuyuTaHHas no Merogy bOT, cocra-
Buta 250 u 390 m?/r. Micnionb3yeMble B JaHHOI paboTe
HaHOaJIMa3bl TAKXXe OTIMYAIOTCS 3apsiAOM MOBEPXHO-
CTU: B BOOHOI CyCIIeH3UU 3HAYEHUE DIIEKTPOKUHETH -
yeckoro mmoreHaia DND cocraBuno +21 + 2 mB,
a SDND —41 + 5 mB. Ancop6iuusi iuzonuma Ha Mo-
BEPXHOCTM HaHOAJIMa30B MpUBeIa K YBEIUYSHUIO
BJIEKTPOKMHETUYECKOIO TTOTeHIMAIA TTOJIOKUTEIbHO
3apsekeHHbIX DND, koToprlil coctaBun +39 £ 1 MB.
B ciiyuae orpunarensHo 3apskeHHoro SDND npou-
301110 U3MEHEHUE 3apsia TOBEPXHOCTHU U SJIEKTPOKU-
HETHYECKU moTeHnan cocrasuia +26 £ 3 mB.

Pacimpposky MK -crieKTpoB IMpoBOAWIN COIIACHO
pa6ote [27]. B MK-cnekTpax mpucyTCTBYeT IIMpPOKas
rtostoca rpu 3400 cm™!, 0OycIIOBIIEHHAS HAIMYMEM T10-
BEPXHOCTHBIX T'MAPOKCUJIBHBIX TPYII U aAcopOoupo-
BaHHOI Boabl. CurHan B o6mactu 2900 cm™! ykasbiBaeT
Ha C_;H-cBasu. Iomnoca B o6mactu 1630 cm™! cBaszana
¢ aicopOMPOBAHHOI Ha ITOBEPXHOCTH Bomoil. CUTHAJIbI
1723 cm™! 0b6ycnoBieHsl pacTsokeHueM ceasu C=0 kap-
OOHWIBHBIX TPy, a B o6aacti 1790 cm™' — pacrsaxe-
Hue C=0 cBs3eil KapOOKCWILHBIX TPYIIT U aHTUAPH-
noB. Casur nosnockl 1776 cm™' B o6aacts 1782 cm™!
(puc. 26) CBUIETEILCTBYET 00 y4aCTUU BO B3aUMOJEH-
CTBUY JIM30IIMM—HaHOAJIMa3 KapOOKCHIILHBIX TPYIIIT
Ha TTOBEPXHOCTH HaHoaiaMa30B. [losockl B o6iactu
1450 cM™! 00yCI0BIIEHBI ACUMMETPUYECKUMU U3TMOAMU
CH,-rpynn. CurtHans B o6mactu 1320—1370 cm™! 06y-
CJIOBJIEHBI CUMMETPUYHBIM pactskeHrneM C=0 cBs3eil.
IMonoca 1254 cm™! obycnosnena usru6om C-O cBs3ei.
[Mosnocsl 1117—1120 cm™' 1 1063 cm™! nonyvarorcs us-3a
acuMMeTpuuyeckux n3rnoos csseit C-O-C u pacrs-
keHuit cBsi3u C-O. MHTeHCMBHOCTh BTOPOTO CUTHAJIa
YCWJIMBAETCS TIPU alcOpOIIMM TM30IIMMa Ha ajMase.
Nel 2024

KOJITIOUJTHBIM )KYPHAJL oM 86

133

B o0Opa3snax, MonuduLMpOBaHHBIX JTU30LUMOM,
MOABIIIOTCS TIOJIOCH B oomacty 1660 u 1525 cm™!, co-
oTBeTCcTByIoIMe obmactam amun I u amun 11 cooTBeT-
CTBEHHO.

M3BecTHO, 4TO IIpU amcopOIMU HA HAaHOAJIMa3ax
KaK Ha MOJOXUTEIbHBIX, TaK M Ha OTPHUIIATEIbHBIX,
MIPOMCXOOUT U3MEHEHUE CTPYKTYpHI Oenka [28]. Kak
caenyeT n3 MK-crekTpoB, KOJIMYECTBO JIM30IIMMa Ha
noBepxHoctu SDND 6onbiie, mo cpaBHeHno ¢ DND,
YTO COIIAcyeTcs ¢ JaHHBIMU paboThI [26], B KOTOpOIA
C TIOMOIIIbI0 MEUEHHOTO TPUTHUEM JIU301LIMMa MoKa3au,
YTO a7copOIIMs TM30LIMMa Ha HaHOAaIMa3ax C TOJIOXK K-
TeNIbHBIM {-moTeHIManoM gocturaet 320 + 30 mr/T,
a Ha otpuuarenbHbix — 2060 + 100 mr/r. UK-criek-
TPbl, MOJYyUYEHHbIE AJISI TIOJOXUTEIbHBIX U OTpUILIA-
TeJIbHBIX HaHOaaMa30B Aldrich [26], MOJIHOCTEIO CO-
BIIAJalOT C pe3yabTataMu 3Toit paboTrwl. [ToaTomy
IUIS1 TU3011MMa, aacopOMpOBAaHHOTO Ha HaHOAaIMa3ax
PlasmaChem, MBI TakkKe MOXeM MPEAITOJOXKNUTH KOH-
¢opMalLIMOHHBIE U3MEHEHMUS B METSIX OeKa.

[TocKoJbKY JaHHBIE KOMILJIEKCHI MPeAroaraeTcs
HCIIOJIb30BaTh JJIs1 MOJYYEeHUSI aHTUMUKPOOHBIX MO-
KPBITUI KJIallaHHBIX MPOTE30B, TO aKTyajeH BOIPOC
O COXpaHEHUU aHTUOAKTEPUATbHONH aKTUBHOCTH JIU-
301MMa TOCJIe €ro aacopOIIMU Ha TTOBEPXHOCTU HAHO-
anMasoB. I1o aToMy Bompocy B TUTEpaType UMEIOTCS
JOCTaTOYHO TPOTUBOPEUMBBIC TaHHBIE: C TIOMOIIBIO
CITEKTPOCKONMY KOMOMHAIITMOHHOTO pacCesTHUS U CKa-
HUPYIOIIEH 3JEKTPOHHOM MUKPOCKOINUU MOKAa3aHO
COXpaHeHNe aKTMBHOCTHU JIM30ILIMMA T10 OTHOIIIEHUIO
K E. coli mocie cBsI3bIBaHUS ¢ HaHOAIMa3amu [29, 30].
OnHako ¢ TTOMOIIIbIO CIIelIMaJIbHOTO Habopa 1151 aHa-
mm3a Ha ocHoBe ¢aryopecueHnum (EnzChek Lysozyme
Assay Kit) rmokazaHo yMeHbIlIIeHe aKTUBHOCTH JIU30-
IIMa TI0CJIe €To amcopOIMy Ha HaHOAIMa3ax, IpudeM
OoOHapyXeHa 3aBUCMMOCTh aKTUBHOCTH OT Pa3MepoB
HaHoaJIMa30B — CHIXeHue Ha 80—85% g yacTuil
51 50 um n Ha 30—40% mrg KpymHBIX 9acTyll [31].
B Hameii pabote nj1s1 onpeneneHust (pepMeHTaTUBHOM
AKTUBHOCTU MCIOJb30BaJICS TYpOOAUMETPUYECKU I
METO/I, KOTOPbIi1 XOPOIIIO 3apeKOMEHI0BaJ cedsl mpu
omnpenejeHU aKTUBHOCTU JIU30LIMMa B 00beMe pac-
TBopa [32—34]. C noMoliipio TypOOIUMETPUIECKOTO
MeTo/a OMNMpeAeTUIN KOJIUUEeCTBO JU30LMMa Ha Io-
BEPXHOCTU HaHOAJIMa30B MO ero (pepMeHTaTUBHOM
akTuBHOCTU. [TokazaHo, 4YTO HA OTPULIATEILHO 3apsi-
>KEHHBIX HaHOAJIMa3aX KOJIMYeCTBO aKTUBHOI'O JIN30-
nuMa cocrasisieT 150 £ 60 Mr/T, a Ha MOJOXUTETBHO
3apskeHHbIX — 170 + 80 mr/r. Kak oTMeuanoch Bhlllile,
KOJIMYECTBO JIM30IIMMa Ha OTPUIIATEIbHBIX HAaHOAJ -
Ma3ax OoJIbIlle, YeM Ha TOJIOXKUTENbHBIX, a TI0 aKTHB-
HOCTH KOJIMYECTBA MPAKTUYECKN OMMHAKOBBIE. TakuM
00pa3oM, aKTUBHOCTb (pepMeHTa HaOII0AAETCSI TOJIBKO
B IIOBEPXHOCTHOM CJIOE. YCUJIEHUE aHTUOAKTepUalb-
HBIX CBOICTB JIM30IIMMAa MOXET OBITh JOCTUTHYTO TIPH
00pa3oBaHMM KOMIUIEKCa ¢ KATHOHHBIMY ITOBEPXHOCT-
HO-aKTUBHBIMU BEIeCTBAMU, HAIIpUMep, MUPaAMUCTH -
HOM [21].
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Puc. 2. UK-cnekrp HaHOaaMa30B 10 U mocie Moagudukauuu auzouruMom (a) DND, PlasmaChem u (6) SDND,

PlasmaChem.

3aBUCUMOCTH aJIcCOPOLIMY MUPAaMUCTMHA HA HaHO-
ajqMa3ax, MOIU(MULMPOBAHHBIX TU30LUUMOM, OT €ro
paBHOBECHOM KOHILICHTPALIMK IIpUBEICHEI Ha puC. 3.

AncopOLMsI MUpaMUCTUHA Ha MCXOAHBIX HAHO-
aliMa3ax MpUBOAMIIA K UBMEHEHUIO CeIMMEHTALU-
OHHOU YCTOMYMBOCTU BOIHBIX CYCIICH3UM: B Cy4yae
DND snekTpokuHeTHYeCcKUii MOTeHIIal OcTaBajcs
MOJIOXKUTENbHBIM 1 Bo3dpacTall oT +20 go +40 MmB;
B ciaydae SDND ({-noreHuman HeMonuduIMpoBaH-
HBIX HaHOoaJMa30B —30 MB) mpu agcopOLUMU 0KOJIO
100 MKMOJIb/T 3HaUEHME BJIEKTPOKUHETUYECKOTO

MoTeHUMAaIa TPUOIMKATOCH K HYJIIO, YTO OOBSICHSIETCS
MOJIHOM KOMIIEHCAlMel 3apsaaa MOBEPXHOCTHA HAHO-
anmasza. C poCcTOM MOBEPXHOCTHOM KOHLEHTpalUuu
MUpaMUCTHHA MPOUCXOIMIa CMEHa 3apsiaa Ha IMoJIo-
KUTEIbHBINA 1 IIpU ancopoumu cBbiiie 120 MKMOJIb/T
HabI01a710Ch 00pa3oBaHUe YCTOMUMBBIX CYCIIEH3UIA,
3JIEKTPOKMHETUIECKUM TTOTEHIINA KOTOPBIX COCTaB-
Jsut +25 mB.

Jnsg HaHOalIMa30B, INpeaBaApUTEIbHO MOTUMU-
LIMPOBAHHBIX JU30LIMMOM, HaliZIeHO, YTO aIcopOLIMs
MUpaMUCTUHA (B 00JlacTU MJaTo Ha M30TepMe) Ha
Nel 2024
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Puc. 3. 3aBucuMoCTb agcopo1My MUPaAaMUCTHUHA OT €ro paBHOBECHOI KOHLIEHTPAallUM B CYCIIEH3UM Ha HaHoanmaszax DND
(a) 1 SDND (0). o — ucxomHble HaHOAJIMa3bl; » — HAHOAJIMA3bl C aICOPOMPOBAHHBIM JIU30LIMMOM.

KOMILIEKCe HaHOAIMAa3—JIM30IUM TTPUBOIUT K CUJTb-
HOMY CHUXKEHMIO 3JIeKTPOKWHETUYECKOTO MOTEeHIIM -
ana s SDND—nm3omuM ot 26 + 3 mo 5 £ 3 MB. s
komruiekca DND—nu3o1M yMeHblIeHue 31eKTPOKK -
HETHYECKOTO TIOTEHITNAIa OBUIO HE CTOJIb CHUIBHBIM: OT
39 =1 1o 34 + 2 MB.

Hns cpaBHeHUS pe3y/IbTaToB 10 aJcopOLIMU MUpa-
MHCTHHA Ha pa3HBIX THIIaX HAHOAJIMa30B 3aBUCHMO-
CTH afcopOIIMM MUPAMUCTHHA OT €T0 PaBHOBECHOM
KOHILIEHTpAllUM OTKMCaIy YpaBHEHUEM, aHAJIOTUYHbIM
ypaBHEHMUIO ajcopouuu JleHrmiopa.

KC

be=loe ke

)

roe I, — 3HaYeHne MaKCUMaJIbHOM agcopounu, K —
KOHCTaHTa, aHAJIOTUYHAs1 KOHCTAHTe aCcOPOLMOHHOTO

paBHOBecHUs B ypaBHeHUU JIeHrMIopa.

Annpokcumalvsl MoJay4eHHbIX 3aBUCUMOCTEN,
MoKa3aHHasI Ha pUC. 3 MyHKTUPHBIMA JIMHUSIMU, T10-
JlydeHa ¢ TTIOMOIIIbIO IMoabopa rmapaMeTpoB METOIOM
HauMMEHBIIMX KBaApaToB. PaccurnTaHHbIE MapaMeTphl
U KO3 DULIMEHTHI KOPPEJISILUY MpUBEAeHbI B Ta0. 1.

ITokazaHo, 4TO NpeaBapUTEIbHOE MOAN(DULIIPO-
BaHME TTIOBEPXHOCTU HaHOanMa30B DND nuzouuMmom
MOBBILIAET aACOPOLIMI0 MUPAMUCTUHA, B TO BpeMsI Kak
Ha MoauduIMpoBaHHbIX Ju3ouuMoM SDND ancop6-
LIS MUPaMMCTHUHA CHUXKAETCS 10 CPABHEHUIO C HEMO-
audunmpoBaHHbiM SDND. OnHako agcopOLus Myupa-
muctrHa Ha SDND naxe rocijie HaHeceHUs TU30LUMa
BCe paBHO BbIllIe, yeM Ha DND.
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ITockonbky 0Opa3zoBaHUEe KOMILIEKCOB MUpaMU-
CTUH—JU30LIMM B 00bEMEe pacTBOpa NMPUBOIUT K YBE-
JnYeHu1o ¢hepMeHTaTUBHONM aKTUBHOCTHU JU30LIMMa
[20], B maHHOI1 paboTe MPOBEPUIN U3MEHEHNE aKTUB-
HOCTHU, Korna epMEeHT HaXOOMUTCS Ha TMTOBEPXHOCTHU
HaHOaJIMa30B C MOMOIIbIO TYPOOAUMETPUUECKOTO Me-
Toma. U3aMepeHme MpOBOIMIN TSI MAaKCUMAJIbHOM TT0-
BEPXHOCTHOM KOHILIEHTpALlMM MUpaMUCTUHA (Tad. 2).
[Tony4eHHBIN KOMIJIEKC HAHOAIMAa3—IU30LUM—MHU-
PaMUCTUH ObLT MCITOJIb30BAH JJIs1 MOJYYeHUS] TOKPbI-
THSI KOJUTATeHOBOI MaTPUIIBI OBIYBETO TTepUKapaa.

KonnuecTBeHHBIN cOCTaB MOKPHITUS (TabJ1. 2) ObLIT
oTIpeleNIeH ¢ TIOMOITBI0 MEUEHBIX COeTMHEeHN (HaHO-
ajaMa3, MUPaMUCTUH) U 0aKTePUOJUTUYECKON aKTUB-
HOCTH (JIU30LIUM).

[Ipu cpaBHEHUM Pe3yIbTaTOB C paHee MOJTyYeH-
HBIMU JaHHBIMU [35] OBIJIO OTMEUYEHO, YTO MPUCYT-
CTBUE CJIOS1 JU3OLUUM—MUPAMUCTUH CHUXAET KO-
mmuectBO DND (mmonoxwurenpbHbIe HAHOAIMAa3bl) Ha
TMOBEPXHOCTU MATPUIIBI 110 CPaBHEHUIO ¢ HEeMOIUDU-
LIMPOBAaHHBIM HaHOAJIMAa30M; HAIPOTUB, aICOPOLIUS
SDND (orpuiiatenbHbie HaHOAJIMAa3bl) HAa IIOBEPXHO-
CTH HaHOAJIMa30B BO3pacTaeT.

Matpuliibl ¢ HaHECEHHBIM HaHOAJIMa3HbIM CJIOEM
ObUTN TIPOAHATU3UPOBAHBI C TIOMOIIBIO CKAHUPYIO-
1Iei 27IEKTPOHHOI MUKpockonuu (puc. 4), KoTopas
BbISIBUJIa 00pa30oBaHUE KPYITHBIX arperatoB Ha 00eux
CTOpOHAX KOoJIJIaTeHOBOM TKaHU. [loka3aHo, YaCTUIIBI
ajMasa IMOKPHhIBAIOT 00€ CTOPOHBI KOJUIareHOBOI Ma-
Tpullbl, mpuyeM MokpbiTie DND okazanoch 6oliee
paBHOMEpPHBIM 110 cpaBHeHMIO ¢ SDND, o0 yeM Taxkke
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otk

SUS000 4.0kV 8.5mm x10.0k SE(L)

3

(B)

SUB000 4.0kV 8.8mm x10.0k SE(U)

Puc. 4. COM-u3obpaxkeHrs: HAHOAJIMA3COIEPXKAILMX MOKPHITUI KOJIJIareHOBOM TKaHU ObIYbero rnepukapnaa: (a, B) — Bop-
cucrasi CTopoHa, (0, r) — raakasi cropoHa. (a, 6) — DND, (B, r) — SDND.

Ta6muua 1. [TapaMeTpsl ypaBHeHMS (5) IJ1sT aacopOII MUPAMUCTHHA Ha pa3HBIX THITaX HAHOAJIMa30B

IMTapameTp ypaBHEeHUS aacopOLIMT Tun HaHOaNMTMa30B
DND DND-—nu3oium SDND SDND—nu3omum
I, MOIb/T 4.3x10°° 8.0x107¢ 2.1x10~* 4.5x1073
K, n/Mmonb 2.6x103 2.6x10° 2.6x103 2.6x10°
R (0=0.05; n=3) 0.951 0.954 0.875 0.958

Taomuma 2. CoctaB HAHOAJIMA3HOTO TTOKPBITHSI KOJIJIATeHOBOM MaTPUIIBI

CocraB c10s1 Ha TOBEPXHOCTH MaTPUIIbI Hanoanmazbl
SDND DND
MT HaHOaMa3a,/ T MaTPULIBI 42+2.0 1.6 £ 0.5
MT JIM30IIMMa*/ T MaTPULIBI 0.017 £ 0.010 0.48 £ 0.07
MOJIb MUPAMHUCTHHA,/ T MaTPULIBI (1.9£0.4) x 1077 (1.3£0.3) x 108

* HpI/IBC)ICHO COACPXKAHUEC aKTUBHOI'O (I)CpMCHTa.

KOJJIOUJHBIM XKYPHAT Ttom86 Nel 2024
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Anresus

Puc. 5. N306paxenust o6pas3nos ¢ bakrepusimu Staphylococcus aureus mocne antTubakrepuanbHoro tecta. CieBa mokaszaH
KOHTpPOJIbHBII 00pa3el; — maTpulia 6e3 mokpbitTus. 1| — SDND, 2 — SDND—nuzouumMm—mupamuctut, 3 — DND, 4 —

DND—nu3ouuM—MUpaMUCTHH.

CBMIETEILCTBYET OOJIBIIOI NOBEPUTEIbHBINM MHTEPBAI
MIPY OTIPEAEICHUM KOJIMYeCTBa 10 paqoaKTUBHOCTH
(Tabu. 2).

AHTUMUKPOOHYIO aKTUBHOCTDH MOJYYEHHBIX I1O-
KPBITUIT TPOBEPSIIU TI0 OTHOIIEHUIO K Staphylococcus
aureus — caMOMY PacIpOCTPaHEHHOMY BO30YAUTEIIO
WHGEKINM B MOCTONEpallMOHHOM TTepuoae. AHTH-
MHUKPOOHYIO aKTUBHOCTD XapaKTePU30BaIN IO IBYM
napameTpam: “aare3usi” — HHKyOMpOBaHUE TeCT-00b-
€KTOB B CYCIIEH3USIX KJIETOK B TeUeHUE 4 4 U “BbIKU-
BaeMOCTb” — OaKTepuU, BBLKMBIINE HA UCCAEMyeMbIX
KOJIJTar€HOBBIX MaTpuIlax 3a 24 4.

Ha puc. 5 npuBeneHbl n3doopaxkeHus1 oopas3loB
¢ bakTepUsIMU 30JI0TUCTOrO CcTapUIOKOKKA Staphy-
lococcus aureus ociie aHTUOAKTEPHUATLHOTO TECTA.

PesynbraThl U3MepeHUsT MpeacTaBIeHEl B Ta0. 3.
IlokazaHo, 4YTO TIPY MCITOJb30BAaHUM KOMIUIEKCA Ha-
HOQJIMa3—IU30IMM—MUPAMUCTUH OaKTEepUU aare3u-
poBaJMCh Ha KOJJIATEHOBYIO MaTpully Ha 2—4 mopsiaka
MEHbIIIe, YeM Ha KOHTPOJbHBII oOpa3sell 6e3 MOKpbI-
Tus. KonmuecTBo BbKUBIINX OaKTepPUIl TAKXKE CHU-
3uioch Ha 1—2 nopsigka. Heo6xonumMo OTMETUTh, YTO
MUPaMUCTUH TIPU aacopOLIMK Ha HAHOAJIMa3bl TepsieT
TOKCUYHOCTD MO OTHOIIEHHUIO K Pa3uIHbIM BO30Y-
autensm [21]. TIpuurHa TOrO, YTO KOMIIJIEKC HAHO-
aJIMa3—MHPaAMUCTUH HETOKCHUYEH, BEPOSITHO, CBSI-
3aHa ¢ 0COOEHHOCThIO afcopOLM KaTuoHHBIX TTAB
Ha HaHoajiMa3ax: aJcopOlLus MPOUCXOAUT 3a CUeT
3JIEKTPOCTATUUECKOTO MPUTSKEHUS TTOJOXUTEIbHO

KOJIJIOUJHBIN XXYPHAT Ne 1

TOM 86 2024

3apsKEHHOM TPYIIIBI YeTBEPTUYHOIO aMMOHUEBOIO
OCHOBAHMS Y OTPULIATEIBHO 3aPSIKEHHBIX LIEHTPOB Ha
MOBEPXHOCTH HaHOaJIMa30B [36]. JomorHuTeaIbHOE
MOIU(UIMPOBaHNE MMOBEPXHOCTU HAHOAJIMA30B JI-
30ILIMMOM TIPUBENIO K U3MEHEHHIO OPUEHTALIMN MOJIe-
KyJIbI MUPAMKUCTUHA Ha TTOBEPXHOCTH, YTO MO3BOJISIET
eMy IPOSIBJISITh AHTUCENTUYECKNE CBOMCTBA.

W3BecTHO, 4TO MOKPHITHS OBIYLETO ITepUKapaa HaHO-
ajiMa3aMHU TTPaKTUUYECKU He TIOABEPTatOTCs pa3pylIeHUIO
JUTUTESTbHOE BpeMsI B OpraHU3Me KMBOTHOT'O B YCJIOBUSIX
MaKCUMaJIbHO NMPUOIMKEHHBIX K MPpUMeHeHUIo [35].
Tem He MeHee He0OXOAMMO OMPEICIUTh CYIb0Y HaHOA-
Ma30B, €C/ii OHU OyAyT BICBOOOXIATHCS U3 TTOKPHITHS
U nonajaaTth B KpoBOTOK. JJIs1 MpoBepKU Bompoca 0 MU-
rpaliy HAHOYACTHII [0 OPraHU3My B CJIydyae paspyliie-
HUS IOKPBITYSI ObUT MPOBEACH aHAIU3 pacIipeneeHUs
KOMIUTeKCa HaHOAIMa3—JIM301IMM B OpPTaHN3Me MBIIIH
TPV BHYTPUBEHHOM BBEIEHMM, 00eCIIEINBaIONIeM MaK-
CHUMaJIbHYI0 OMOIOCTYITHOCTh MaTepuaia. BBoaunu cy-
CTIEH3UU TTOJIOKUTEbHO U OTPULIATENBHO 3apsSKEHHBIX
[*H] Ha”OA/IMa30B, a TAKXe UX a1COPOLIMOHHBIE KOM-
TUIEKCHI C JIU30LIMMOM, pacrpeneieHrne HaHOIACTUIL
B OpraHax MBIIIIEi IToKa3aHo Ha pucC. 6.

Bosbliiasg yacth HaHOAIMAa30B U KOMILIEKCa HaHO-
aIMa3—JIU301[MM OCTaeTCsl B XBOCTOBOI BeHEe. 3JHAUM-
TeJbHOE KOJIMYECTBO HAHOAIMAa30B KaK MCXOIHOTO,
TakK U MOAU(PULIMPOBAHHOIO ObLIO OOHAPYKEHO B IIe-
YeHU U ceie3eHke. MomuduiimpoBaHue OBEPXHO-
CTU HaHoajMa3a JIM30LUMMOM MPUBOIUT K CHUKEHUIO
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Tabmuna 3. AHTUMUKPOOHAsT aKTUBHOCTH ITOKPBITHIT KOJI-
JIaTeHOBOI MaTPUIILI OBIYBETO MEPUKAPIA

O0pa3zel] NOKPBITUS ITapametp
AHTUMHUKPOOHOCTH,
Ig KOE

Anresusa* | BeokuBa-

eMOCTh™*
maTpuia 6e3 MOKPbITUS 5.0 5.0
SDND 4.1 2.4
SDND—mupaMuctix 4.2 2.7
SDND—-LSZ—mupaMmuctux 3.1 1.5
DND 3.9 2.0
DND—mupamuctuH 4.4 2.5
DND-LSZ-MupaMucTuH 2.7 1.7

* HaumeHee 3Haunmoe paznuuue (0=0.05) LSD=0.8.

** HanmeHee 3HaunMoe pasanuue (o=0.05) LSD=0.7.

100+
w,

HaHoayMa3bl (+)
HaHoOaJIMa3kl (-)

HaHoaMa3bl(+)—JIM30LUUM

[ee)
o
1

E= nanoanmaspi(-)—nu3onnm

N
o
1

N
(=)
1

[\
o
1

% BBEIEHHOM O3Bl / T TKAHU

o
|

KPOBb
JIETKUe
Mosr
re4YeHb
MMOYKH
ceJie3eHKa
cepale
TUMYC
SAUYHUKU

XBOCTOBAasI BEHa

Puc. 6. IIpoleHT BBeeHHOI 03Bl HA TpaMM TKaHU 4ye-
pe3 30 MUH nocjie BHYTPMBEHHOTO BBENEHUS TTOJIOXM-
TeNbHO (+) U OTPULIATEILHO (—) 3apsSKEHHBIX HaHOAI-
Ma30B ¥ KOMIUIEKCOB HAaHOATMAa3bl—IN30L1M.

KOHIIEHTPUPOBAHMUS “MOJIOKUTEILHOTO” HaHOaIMa3a
B XBOCTOBOI1 BeHEe, OMHAKO TaKoro 3¢ eKkTa He ObLIO
B cllyyae “oTrpuuareibHoro” oopasua. Hekotopoe Ko-
JIMYECTBO HAHOAIMA30B M UX KOMIUIEKCOB C JIM301IH-
MOM OOHAapyXeHO B MIeYeHU, ceJie3eHKe U B MEHBIIIEM
KOJIMYECTBE B JITKMX M MoYKaX. BbI1o 06HApy:keHO
MeHbIIIee KOJUYECTBO OTPULIATEIBHO 3apsSKeHHBIX
HaHOaJIMa30B BO BCEX TKaHSX, B TOM YHMCie HaOIoma-
JIOCh CHUKEeHUE B 3.5 pasa uisl IETKUX U TIeYeHH, a JIst
ceJIe3eHKN YMEHBIIIeHe KOHIIEHTPALIM HAHOYACTHII

YEPHBILIEBA u np.

B CIy4yae OTpMIIATeJIbHOro HaHOaiaMa3a Oobuio B 11 pas.
MoauduiinpoBaHue JU301IUMOM BIUSIO TOJBHKO Ha
KOHIIEHTPMPOBaHME UCXOAHOTO HaHOAaIMa3a B MeCTe
BBEIEHUs, KaK OTMeYajoch BEIIE, M He BIWSIIO Ha
KOHILIEHTPUpPOBaHUE B APYTMX TKaHsX. Takum obOpa-
30M, TTOKa3aHO, YTO JIM30LIUM MOXET OBITh MCIOIb30-
BaH KaK MOTUGUITUPYIOIINA areHT MTOBepXHOCTU Ha-
HOAaJIMa30B JJIsl CHUXKEHUSI X arperupoBaHUsl B MeCTe
BBEIACHUS Y MOMABIEHUS aacoOpOLIMKU KOMIIOHEHTOB
OMOJIOTMIECKHX XKUIKOCTEH.

3AKJIIIOYEHHUE

B HacTos1eit paboTe moaydyeHbl KOMITIEKCHI HAHO-
aJIMa30B C JIU30LIMMOM U MUpaMucTiHOM. [lokazaHo,
YTO B KOMITIEKCaX HAHOAIMAa3—IU30IUM OaKTepHOJIH -
TUYECKasi aKTUBHOCTb COXPaHSIETCSI B TOBEPXHOCTHOM
cJloe, HO MOXET OBbITh YCUJIeHA TIPU aACcOPOIIUU MHU-
pamuctrHa. [1pu aHanu3e pacupeneaeHusT KOMILICK-
COB HaHOAJIMa3—JIM301UM B OpraHU3Me XXUBOTHOTO
HaliieHO, YTO MOIMMUIIMPOBAHNE HAHOAIMA30B JI-
30LIMMOM BJIMSET TOJIBKO Ha €ro KOHIIEHTPUPOBaHUE
B MECTe BBEIEHHUSI U He CKa3bIBAeTCsI HA KOHIIEHTPU-
pOBaHUM B APYruX TKaH:IX. boiee Toro, oOHapyxkeHO
CHUXKEeHME KOHLIEHTpAllMM HAHOYACTHIL B Cy4yae OT-
pULIATeIbHO 3apsSKEHHOTo MaTepuaia.

ITokazaHo, 4TO NpeaBapuUTeIbHOEC MOIUMDUILINPO-
BaHME TIOBEPXHOCTH HAHOAIMA30B JIM30IIMMOM CYIIIe-
CTBEHHO BJIMSIET Ha aACOPOLIMI0 MUPAMUCTUHA: IS
DND ancop6uus Bo3pactaet, 119 SDND cHukaercs.
M3oTepMBI ancopOIIMK ONMMCcaHbl ypaBHEHUEM, aHAI0-
TUYHBIM YpaBHeHUIo JIeHrMopa. YCTaHOBJIEHO, YTO
agcopOuMs MUpaMUCTUHA (B 00JaCcTU IJIaTO HAa U30-
TepMe) Ha KOMIUIEKCe HaHOAIMa3—IU301IMM IIPUBOIUT
K CUJIBHOMY CHMXXEHMIO 3JIEKTPOKMHETUUECKOTO MO0~
renruaia st SDND—msonmm ot 26 + 3 1o 5 £ 3 MB,
YTO CBUACTEIBCTBYET OT €r0 HM3KOM arperallmoHHOi
YCTOMYMBOCTU B CYCIIEH3UU U, KaK CJIEICTBUE, JTy4-
IIeMy yIepXXMBaHUIO Ha TTIOBEPXHOCTH KOJIJTareHOBOM
matpulibl. s kommiaekca DND—nu3zonum ymMeHb-
HIEHUE DJEeKTPOKUHETUYECKOIO MOTeHIIMala ObLIO He
CTOJIb CWIbHBIM: OT 39 + 1 1o 34 = 2 mB. IlonyueH-
Hble KOMILJIEKChl HaHOAIMa3—IU30LUM—MUPaMUCTUH
o0Jy1agaroT aHTUMUKPOOHOI akTuBHOCTHIO. IIpu BBE-
JIEHWU STUX KOMILIEKCOB B COCTaB KOJJIATeHOBBIX Ma-
tpull B 100—10000 pa3 yMeHbIlIaeTcs aare3us 0akre-
puii 3010THCTOrO cTahUIIOKOKKA Staphylococcus aureus
n 10—100 pa3 mamaeT BEDKMBAeMOCTh 9TUX OaKTepUId.

OUHAHCHUPOBAHUWE PABOThI
Pa6ora BeimoJiHeHa MpU (DUHAHCOBOM MOAIEPXKKE
PH® (rpant 22—-23-00019).
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3yeMBIX IJI SKCITEPUMEHTOB MJIM B MHBIX HAYYHBIX IIe-
msx (CEJ 123). IIpoTokon uccienoBaHus OB OMOOpeH
JlokanbHbIM 3THYecKUM KomuTeTtoM HMMUILI onkonorun
nm. H. H. TTerpoBa (Ne 14 ot 30 okts6pst 2018 1).

KOH®JIMKT MHTEPECOB

ABTOpBHI 3asIBIISIIOT, YTO Y HUX HET KOHMIUKTA UHTE-

pEcoB.

1

oo

CITMCOK JIMTEPATYPbI

. Bloomfield P. Choice of heart valve prosthesis // Heart.
2002. V. 87. Ne 6. P. 583—589.
https://doi.org/10.1136/heart.87.6.583

. Shao Z., Tao T., Xu H. et al. Recent progress in bio-
materials for heart valve replacement: Structure, func-
tion, and biomimetic design // View. 2021. V. 2. Ne 6.
P. 20200142.
https://doi.org/10.1002/VIW.20200142

. Ekser B., Cooper D.K.C., Tector A.J. The need for xe-
notransplantation as a source of organs and cells for
clinical transplantation // International Journal of
Surgery. 2015. V. 23. P. 199—-204.
https://doi.org/10.1016/j.ijsu.2015.06.066

. Findeisen K., Morticelli L., Goecke T. et al. Toward
acellular xenogeneic heart valve prostheses: Histolog-
ical and biomechanical characterization of decellular-
ized and enzymatically deglycosylated porcine pul-
monary heart valve matrices // Xenotransplantation.
2020. V. 27. Ne 5. P. e12617.
https://doi.org/10.1111 /xen.12617

. Zilla P., Brink J., Human P. et al. Prosthetic heart
valves: Catering for the few // Biomaterials. 2008.
V. 29. Ne 4. P. 385—406.
https://doi.org/10.1016/j.biomaterials.2007.09.033

Yepuviwesa M.I., badyn I'A., Cunoauy A.B. u op.
Buomatepuan 11 U3roToBIEHMS MMPOTE30B KJIAMIAaHOB
cepala 1 cnocob nosyyeHus: buomarepuaina. [lateHr
P® RU2711544. P®, 2020.

. Tsai L.W., Lin Y.C., Perevedentseva E. et al. Nano-
diamonds for medical applications: Interaction with
blood in vitro and in vivo // International Journal of
Molecular Sciences. 2016. V. 17. Ne 7. P. 5-9.
https://doi.org/10.3390/ijms17071111

. Mona J., Kuo C.-J., Perevedentseva E. et al. Adsorption
of human blood plasma on nanodiamond and its in-
fluence on activated partial thromboplastin time // Di-
amond and Related Materials. 2013. V. 39. P. 73-77.
https://doi.org/10.1016/j.diamond.2013.08.001

Turcheniuk V., Raks V., Issa R. et al. Antimicrobial
activity of menthol modified nanodiamond parti-
cles // Diamond and Related Materials. 2015. V. 57.
P. 2-8.
https://doi.org/10.1016/j.diamond.2014.12.002

Nel 2024

KOJITIOUJTHBIM )KYPHAJL oM 86

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

139

Xiao J., Duan X., Yin Q. et al. Nanodiamonds-medi-
ated doxorubicin nuclear delivery to inhibit lung me-
tastasis of breast cancer // Biomaterials. 2013. V. 34.
Ne 37. P. 9648—9656.
https://doi.org/10.1016/j.biomaterials.2013.08.056

Huang H., Pierstorff E., Osawa F. et al. Protein-medi-
ated assembly of nanodiamond hydrogels into a bio-
compatible and biofunctional multilayer nanofilm //
ACS Nano. 2008. V. 2. Ne 2. P. 203-212.
https://doi.org/10.1021/nn7000867

Schrand A.M., Hens S.A., Shenderova O.A. Nanodia-
mond particles: Properties and perspectives for bioap-
plications // Critical Reviews in Solid State and Ma-
terials Sciences. 2009. V. 34. Ne 1-2. P. 18—74.
https://doi.org/10.1080/10408430902831987

Tinwala H., Wairkar S. Production, surface modifi-
cation and biomedical applications of nanodiamonds:
A sparkling tool for theranostics // Materials Science
and Engineering: C. 2019. V. 97. P. 913—931.
https://doi.org/10.1016/j.msec.2018.12.073

Vaijayanthimala V., Lee D.K., Kim S.V. et al. Nano-
diamond-mediated drug delivery and imaging: chal-
lenges and opportunities // Expert Opinion on Drug
Delivery. 2015. V. 12. Ne 5. P. 735—749.
https://doi.org/10.1517/17425247.2015.992412

Chen M., Pierstorff E.D., Lam R. et al. Nanodia-
mond-mediated delivery of water-insoluble thera-
peutics // ACS Nano. 2016. V. 3. Ne 7. P. 2016—2022.
https://doi.org/10.1021/nn900480m

Perevedentseva E., Lin Y.-C., Cheng C.-L. A review of
recent advances in nanodiamond-mediated drug de-
livery in cancer // Expert Opinion on Drug Delivery.
2021. V. 18. Ne 3. P. 369—382.
https://doi.org/10.1080/17425247.2021.1832988

Chatterjee A., Perevedentseva E., Jani M. et al. An-
tibacterial effect of ultrafine nanodiamond against
Gram-negative bacteria Escherichia coli // Journal
of Biomedical Optics. 2014. V. 20. Ne 5. P. 051014.
https://doi.org/10.1117/1.jb0.20.5.051014

Moconosa A.B., Kaumosa JI.I., Cyxosamuix b.C. u op.
OneHKa OMOIIMIHON aKTUBHOCTA HOBOTO IIOBHOTO
MaTepHaa, IMIIPETHUPOBAHHOTO MUPAMUCTHHOM //
Bectauk Boal'MY. 2021. V. 18. Ne 1. P. 31-35.

https://doi.org/10.19163/1994-9480-2021-1(77)-31-35

Aynaesckuii A.M., Kupuuenxko U.M. KnuHuueckoe
000CHOBaHWE NCITOJB30BaHMS Mperapata MupamMu-
CTUH B Tepaltiy WHQEKIIMOHHO-BOCITATUTEILHBIX
3a00JieBaHUI pecriupaTopHoii cuctembl. O630p Ju-
teparypsl // ITomukauaMKa. 2013. P. 6—12.

Chernysheva M.G., Melik-Nubarov N.S., Grozdova 1.D.
et al. Reduction of cytotoxicity of Myramistin by ad-
sorption on nanodiamonds // Mendeleev Communi-
cations. 2017. V. 27. No 4. P. 421—-423.
https://doi.org/10.1016/j.mencom.2017.07.036

Chernysheva M.G., Shnitko A.V., Skrabkova H.S. et al.
Peculiarities of alkylamidopropyldimethylbenzylam-
monium (Miramistin) in the relationship to lysozyme



140

22.

23.

24.

25.

26.

27.

28.

YEPHBILIEBA u np.

in comparison with quaternary ammonium surfac-
tants: Coadsorption at the interfaces, enzymatic ac-
tivity and molecular docking // Colloids and Surfaces
A: Physicochemical and Engineering Aspects. 2021. V.
629. P. 127503.
https://doi.org/10.1016/j.colsurfa.2021.127503

Chaschin I.S., Badun G.A., Chernysheva M.G. et al.
Structural and mechanical characteristics of collagen
tissue coated with chitosan in a liquid CO,/water sys-
tem at different pressures // Journal of the Mechan-
ical Behavior of Biomedical Materials. 2019. V. 94.
P. 213-221.
https://doi.org/10.1016/j.jmbbm.2019.03.012

Badun G.A., Chernysheva M.G., Yakoviev R.Y. et al.
A novel approach radiolabeling detonation nanodia-
monds through the tritium thermal activation method //
Radiochimica Acta. 2014. V. 102. Ne 10. P. 941-946.
https://doi.org/10.1515/ract-2013-2155

baodyn I'A., Yepnoiumesa M.I. MeTon TepMUYeCcKOi
akTHBaUUu TpUTUsi. OCOGEHHOCTH TPUMEHEHUS, CO-
BpPEMEHHBIE JOCTUKEHUSI U MajbHEHIIe mepcrneK-
TUBBI pa3Butus // Pamumoxumus. 2023. V. 65. Ne 2.
P. 158—171.
https://doi.org/10.31857/S0033831123020053

Crepunuszauusi MeguuMHcKux usngenuii. MUKPO-
BUOJIOTNMYECKHME METO/IbI. YacTts 1. OueHka
MOMYJISUMU MUKPOOPTaHU3MOB Ha MPOAYKLUU //
TI'OCT P UCO 11737—1-2000, 2014.

Yepuviwesa M.I., badyu I'A., Cunoauy A.B. et al. Me-
TOJ TPUTUEBOTO 30HIA B UCCIIEAOBAHUU aICOPOLINOH-
HBIX CJIOEB JIM301[MMa Ha MTOBEPXHOCTU IETOHALIMOH-
HbIX HaHOaIMa30B // Pamunoxumus. 2021. V. 63. Ne 2.
P. 185—192.
https://doi.org/10.31857/S0033831121020118

Petit T., Puskar L. FTIR spectroscopy of nanodia-
monds: Methods and interpretation // Diamond and
Related Materials. 2018. V. 89. P. 52—66.
https://doi.org/10.1016/j.diamond.2018.08.005

Aramesh M., Shimoni O., Ostrikov K. et al. Surface charge
effects in protein adsorption on nanodiamonds // Na-
noscale. 2015. V. 7. Ne 13. P. 5726—5736.
https://doi.org/10.1039/C5NR00250H

29.

30.

31

32.

33.

34.

35.

36.

KOJIJIOUJTHBIN KYPHAJI

Perevedentseva E., Cheng C.-Y., Chung P.-H. et al.
The interaction of the protein lysozyme with bacteria
E. coli observed using nanodiamond labelling // Nan-
otechnology. 2007. V. 18. Ne 31. P. 315102.
https://doi.org/10.1088/0957-4484/18 /31 /315102

Liu Y L., Sun K.W. Protein functionalized nanodi-
amond arrays // Nanoscale Research Letters. 2010.
V. 5. Ne 6. P. 1045—1050.
https://doi.org/10.1007/s11671-010-9600-7

Perevedentseva E., Cai P.-J., Chiu Y.-C. et al. Char-
acterizing protein activities on the lysozyme and nan-
odiamond complex prepared for bio applications //
Langmuir. 2011. V. 27. Ne 3. P. 1085—1091.
https://doi.org/10.1021/1a103155¢

Levashov PA., Sedov S.A., Shipovskov S. et al. Quan-
titative turbidimetric assay of enzymatic Gram-nega-
tive bacteria lysis // Analytical Chemistry. 2010. V. 82.
Ne 5. P. 2161-2163.
https://doi.org/10.1021/ac902978u

Mamonvieuna 11.A., ywymuna H.C., Osuunnuxosa E.JI.
u dp. EnuHbLi oaxon Ij1s pacyeTa CKOpOCTH (pepMeH-
TATUBHOTO JIN3KCA XUBBIX 0aKTepHUAaTbHbIX KIETOYHBIX
CcyOCTpaTOB TYpOMAMMETPUYECKUM MeTonoM // BecTH.
Mock. YH-T1a. 2018. V. 59. Ne 2. P. 125—131.

Lu W.-J., Smirnov S.A., Levashov PA. General char-
acteristics of the influence of surfactants on the bacte-
riolytic activity of lysozyme based on the example of
enzymatic lysis of Lactobacillus plantarum cells in the
presence of Tween 21 and SDS // Biochemical and
Biophysical Research Communications. 2021. V. 575.
P. 73-77.

https://doi.org/10.1016/j.bbrc.2021.08.060

Chernysheva M.G., Chaschin 1.S., Badun G.A. et al.
Novel nanodiamond coatings for durable xenogenic
heart valve prostheses: Mechanical properties and in
vivo stability // Colloids and Surfaces A: Physicochem-
ical and Engineering Aspects. 2023. V. 656. P. 130373.
https://doi.org/10.1016/j.colsurfa.2022.130373

Badun G.A., Chernysheva M.G., Gus’kov A.V. et al.
Adsorption of alkyltrimethylammonium bromides on
nanodiamonds // Fullerenes, Nanotubes and Carbon
Nanostructures. 2020. V. 28. Ne 5. P. 361—367.
https://doi.org/10.1080/1536383X.2019.1685982

ToM86 Nel 2024





