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VK 577.1:54.057
A. A. llluxan, M. A. XanueBckuii, A. I'. Coica, E. P. I'punkeBuy, E. . KBacrok

OILIEHKA AHTUBAKTEPUAJBbHOM AKTUBHOCTH
MOANPUIINPOBAHHBIX APABUHO3U /0B
IIYPUHOBOTI'O PAJA *

Bo BBeeHHH yKa3aH 0OBEKT HCCIIEN0BAHMS — HYKJICO3H/Ibl, IPEACTABILIONINE COO0I O0IIbIIOE CeMeHCTBO
MPUPOAHBIX ¥ XUMHIECKA MOTU(PHUIIMPOBAHHBIX aHAJIOTOB, XapaKTEPHU3YIOMNXCSI OTPOMHBIM CTPYKTYPHBIM
paznoobOpasueM. [TokazaHo, 4To Mocie Hadala CHCTEMaTHYECKUX HCCIIeJOBAaHIHN ObIT 00HAPYKEH PAT CTPYKTYP-
JUIEPOB OTPOMHON OMONOTHYECKOH M MEIUIMHCKOW Ba)KHOCTH, IOITOMY HCCIEIOBAHUS MOTCHIHATBHON
aHTHOAKTepHAIbHON aKTUBHOCTH HOBBIX IIPOM3BOIHBIX HYKJICO3U/IOB SBIISIOTCSA YPE3BBIYAHHO aKTyaJbHBIMH,
0COOEHHO B 3M0XY CTPEMUTEIILHOTO Pa3BUTHS aHTHOMOTHKOPE3UCTEHTHOCTH U OCTPOI HEOOXOANMOCTH HOHCKA
QIBTePHATHBHBIX TPAJUIIMOHHBIM aHTHOMOTHKAM HOBBIX JIGKAPCTBEHHBIX cpelcTB. Llenmbio mccienoBanus
SBIISICTCS OLCHKA BJIMSHUS MOTUQGHUIMPOBAHHBIX HYKJICO3UTOB 2-PpTOp-apabMHOPYypaHO3HUIAJCHUHA
(dbnymapabuna), 2-amuHO-6-x710p-apabunodypanosunnypuna (2-NH,-6-Cl-araPur) u nykneoruna 2-drop-
apabunodypanosunangeanaMonodocdara (paynapabundocdara) Ha ycIOBHO-MATOICHHBIE OaKTEpHATbHBIC
KYNbTYpbl B. cereus u P. mirabilis. B 0OCHOBHOW 4acTH MOJYyYeHbl KOJHYECTBEHHbIE XapaKTEPHCTUKN
AHTUIPOIU(PEPATHBHON aKTUBHOCTH M3YYEHHBIX COCJUHEHHMU 10 OTHOLICHHIO K yCJIOBHO-IATOT€HHBIM
OakTepuanbHEIM KynbTypaM B. cereus u P. mirabilis, a Taioke ObUIO M3yYeHO BIHMSHUE CHHTE3UPOBAHHBIX
COCMHEHUH Ha ypOBEeHb aKTUBHBEIX (hopM kuciaopona (ADK) B GakTepHalbHBIX KyIbTypax. YKa3aHBI
HCTIONB3yeMble METOJUKH IS OIIEHKH BHIPQKEHHOCTH OKHCIUTEIFHOTO CTPEeCcca, aHalIN3a JKH3HECIIOCOOHOCTH
KJIETOYHBIX KYJIbTYpP, @ TAK)XK€ MOCTPOCHHUS CTaTHMCTHYECKHX Mojeleil «no3a — addexr». YcraHoBIeHO,
YTO BCE M3y4YCHHbIE MOAU(DUIMPOBAHHBIEC IIyPUHOBBIC HYKICO3WUABI/HYKICOTH B! TIOKA3aIN J0303aBHCHMYIO
MHTAOUTOPHYIO aKTHBHOCTH MO OTHOIIGHUIO K OaKTepHATbHBIM KyIBTYypaM B DKCIIOHEHIHAIBLHOH (a3ze
ux pocra. [lokaszano, uro mponykuusi ADK B mrammax Oakrepuil ycuimmBaiach J0303aBHCHMBIM 00pa3oM
MPH KyJIbTHBUPOBAHUN OAaKTEPHANBHBIX KJIETOK B PHCYTCTBUHU BCEX U3YUEHHBIX coenHeHn. [1o coBokymHOCTH
HOJIY4EeHHBIX PE3y/IbTaTOB MOXHO MPE/ON0KHUTh, YTO ycuileHHas BbipaboTka ADK okas3biBaeT HHTHOMTOPHOE
BIIMSIHHE HAa POCT IITaMMOB HCIIOJIb30BaHHBIX B padoTe OakTepuil. PaccunTaHnbl mapaMeTphl JIOr-I0rHCTHYECKHUX
Moziene «103a — 3(GEeKT» U OIeHeHa X CTaTUCTHUYECKasi 3HaYMMOCTb. [lomyueHHbIe pe3ynbTaTsl MOTYT OBITh
HCIOJIb30BAHBI IIPU CO3/IaHUH NIPENapaToB JuIsl JeueH!s: HHQEKIMOHHbBIX 3a001eBaHNUH.

Kniwouegvie cnoga: antndaxTepuanbHas akKTHBHOCTb, MOAN(HUINPOBAHHBIE HYKICO3HIBI, (GaygapabuH,
AKTHUBHbIE (OPMBI KUCIIOPOAA, JIOT-JIOTUCTHYECKAsT MOJICIb.
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Beenenne. C HauanoM IMHUPOKOTO HMCIIOIH30BAHUSA aHTHOMOTHKOB B KIMHHYECKON MPAKTHKE
HaCTyITUIIa HOBasi 9pa MEAMKAMEHTO3HOIO JIeUeHUs] MHPEKIMOHHBIX 3a0oneBanuii. Tem He MeHee
HE MPOIJIO M CTOJIETHS, KaK 3()P(PEeKTUBHOCTh NMPOTHBOMH(PEKIIMOHHBIX IPENapaToB MPOTHUB
MAaTOTeHHBIX MUKPOOPTaHW3MOB 3HAYUTENbHO CHH3MIACh. lllnpokoe mpuMeHeHHe aHTHOMOTHKOB
MIPUBEJIO K BOZHUKHOBEHUIO U OBICTPOMY PaCIPOCTPAHEHUIO PE3UCTEHTHOCTH Y MUKPOOPTaHU3MOB.
B nacrosiee BpeMst Bce OoibIe U OOIBIIE H3BECTHRIX W HOBBIX IITAMMOB OaKTepHil CTAHOBATCS
HEBOCIPUMMYUBBIMU K HCHOJB3YEeMbIM JeKapcTBaM. CyIIecTByeT MHEHHE, YTO YEeJIOBEYECTBO
BCTYIIACT B TIOCTAHTUOUOTUYECKYIO 3Py, KOT/Ia 1a)Ke OOBIYHBIC HHPCKIMH WA HEOOIBIIUE TPABMBI
MOryT ObITh onacHsl jist ku3HM [1; 2]. B noknane BecemupHoit opranuzanuu 3apaBooxpaHeHHs
3a 2020 r. TOBOPHUTCS O IIMPOKOM PAaCHPOCTPAHEHHH PE3UCTECHTHBIX MHUKPOOPTaHU3MOB,
9TO 3HAYHUTENIBHO YCIOXHSCT JeUeHUE MH(EKIUH, BBI3FIBACMBIX HE TOJHKO OaKTECPHSIMH,
HO W rpubamu, mapasutamu u Bupycamu [3]. Exxeromro oxono 700 THIC. 4eIOBEK YMHPAIOT
oT MH(EKINH, BBI3BAHHBIX JICKAPCTBEHHO-YCTOMYMBBIMHU OakTepusiMu, U K 2050 T. 3TO 4HCII0 MOKET
BbIpacty a0 10 muH [4].

YCcToW4nBOCTh MHKPOOPTaHM3MOB K AHTHOMOTHKAM MOJKET pa3sBHBATHCS 110 HECKOJIbKHM
MeXaHW3MaM: HHAKTUBALUS WM T palaliisi aHTHOMOTHKA ()epMEHTOM (CaMBblii IpeBHUI MEXaHU3M,
3¢ PEKTUBHBII MPOTUB [-IIAKTAMHBIX aHTHOMOTHKOB), HHTHOMpOBaHNE aOCOPOIINU FITH aKTHBHOE
yAaJeHne aHTUOMOTHKA W3 KIETKH (YacTO HCIOIB3YeTCS NMPOTHUB TETPALUKIMHOB, MAKpPOJHIOB
1 (PTOPXHUHOJOHOB) M M3MEHEHHS B CTPYKType perientopa [5]. Bo3MOKHO, CYLIECCTBYIOT U IPyTHE,
aJNbTepHATUBHBIC, MEXaHU3MbI. BOJBIIMHCTBO TEHOB YCTOMYMBOCTH JIOKAJIM30BaHbI B TUIA3MH/IAX,
YTO JIeJIaeT BO3MOXKHOM WX HAcllelyeMOCTh M TOPWU3OHTAIBHYIO Tepefady IpyruM OaKTepusiM.
B nHacrosiee Bpemst JokazaHa BO3MOKHOCTb IIPUOOPETEHHSI YCTOHUMBOCTH K JIIOOOMY N3BECTHOMY
KJIacCy aHTHOMOTHUKOB HE3aBUCHMO OT MEXaHW3Ma UX JACUCTBUS [5—7].

BONBIMMHCTBO MCIIONB3YEMBIX B HACTOSIIEE BPEeMsI aHTHOMOTHKOB OBLTH OTKPBHITHI 10 70-X TT.
nporuuioro Beka [8]. Takas HU3Kas aKTMBHOCTh B TIOMCKE HOBBIX MPOTHBOMHKPOOHBIX COEIMHEHHI
MOXKET OBbITh OOBSICHEHAa BBICOKMMHU JICHSKHBIMH M BPEMEHHBIMH 3aTpaTaMd Ha BBIBOJI Iperapara
Ha PBIHOK, a TaK)Ke OIPaHWYCHHBIM HaOOPOM METOJOB WJCHTH(HKALMK aKTUBHBIX cyOcTaHumid [9].
Kpome Toro, mopaBisitomee OOJBIIMHCTBO — CYIIECTBYIOUIMX aHTHOMOTHKOB — 00JaIaroT
3HAYUTEITHHON UTOTOKCHYHOCTHIO, YTO OTPAaHIMYUBACT BO3MOXKHOCTH UX NMPUMEHEHHsI. O4eBHIHO,
YTO CYIIECTBYET OCTpasi HEOOXOTUMOCTh B Pa3paboTKe HOBBIX aHTHOAKTEPHAIBHBIX MPEIapaToB
C HOBBIMH MEXaHM3MaMH JCHCTBHUS, KOTOpble MOTYT ObITh 3((EKTHBHBIMH IPOTHB IITAMMOB
C MHOKECTBEHHOM JICKAPCTBEHHON YCTOMYNBOCTBIO.

OjHUM 13 MaJIOM3YyYEHHBIX KJIACCOB COEJMHEHHWH, 0O0JNaaommx I[OTEHIIMAIbHON
AQHTUMHUKPOOHON aKTHBHOCTBIO, SIBJISIOTCSI IIPOM3BOJHBIC KOMIIOHEHTOB HYKJIEMHOBBIX KHCIIOT:
HYKJICO3U B, HyKICOTHIBL, 2 TAK)KE MX MOTUDHUIIIPOBAHHBIC aHAIOTH. DTH COCTHHCHISI YIaCTBYIOT
B OOJBIIOM KOJHYECTBE OWMOIOTHYCCKUX IIPOIECCOB, BKIIOYAS XpAaHEHHE TEHETHYECKOU
nH(pOpPMAINH, SKCIPECCUI0 TEHOB, HJHEPreTHYECKHH MeTa0oaM3M U mepefady CHTHAJIOB.
OTH mpouecchl JKM3HEHHO BaXKHBI JUISi BCEX JKMBBIX OPraHW3MOB, BKJIOYasi OakTepuH.
MoaudunupoBaHHble HYKJIEO3HUIbl SIBISIIOTCS OJHUM M3 Haubojee BaKHBIX KJAcCOB
IpenapaToB, HCIOJIB3YEMbIX B KIMHHUKE, NPEHMYIIECTBEHHO B KauyeCTBE IPOTHBOBHPYCHBIX
U TIPOTHBOOITYXOJIeBEIX cpencTB [10]. OmHako B TOCieqHEe BpeMs IMOSBISICTCS BCe OOJBIINE
n Oonplie JaHHBIX 00 WX 3(P(EKTUBHOCTH MPOTHB MHKPOOPTaHU3MOB. Ha maHHBIT MOMEHT
AHTUMHKpPOOHAs aKTUBHOCTH HYKJICO3UIOB OOHApyXeHa KaK y psAa MPHPOIHBIX COCIHMHEHUH,
TaK ¥ MX CHUHTETHYeckux aHanoroB [11; 12]. AHTHUMHUKpPOOHBIE CBOICTBA TakKe OOHApYIKEHBI
y y’Ke€ W3BECTHBIX HYKJICO3UJIOB, KOTOPBIE HCIIOJIb30BAJIUCH WM HCHOJIB3YIOTCS JUISL JICUCHUS
npyrux 3aboneBanmii [13]. I[IoaTOMy IMOMCK HOBBIX COCAMHEHUI, 00JIAMAOIINX MOTCHIINATBHON
aHTHOAKTEepPHaTbHONH aKTHBHOCTBIO, B Py MOIU(MUITUPOBAHHBIX HYKIICO3UIOB M HYKICOTHOB
U W3YyYCHHE MOJICKYISAPHBIX MEXaHH3MOB WX [ICHCTBHA HMMEIOT BaKHOE (yHIaMEHTAIbHOE
U TPaKTUYECKOe 3HAUCHNUE.

OcHoBHast YacTh. MaTepuaJjbl H MEeTOAbI

Ionyuenue ucnonv3osannvix 6 padome coeournenui. IlonyvueHue UCCICAOBaHHBIX B padboOTe
COEIMHEHUH OCYIECTBIISUIM C UCIIOJIb30BaHUEM OJX0A0B, ONMCAHHBIX B [14].
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Cunmes 2-amuno-6-xnop-9-(f-D-apaounogpypanozun)nypuna (4). Cunres 2-NH2-6-Cl-
araPur (4) mpoBoOAMIICS COTITACHO CXEMe, IIPECTABICHHOM HA pUCYHKE 1.

o o) cl cl
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) > > [
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Pucynok 1 — Cxema cuHTe3a 2-aMHHO-6-xJ10p-9-(B-D-apadunodypaHo3ni)mypuna

AnerwimpoBanue apaOuHOQypaHO3WITyaHHHA / YKCYCHBIM aHTHIPHIOM B AIlCTOHUTPHIC
B TPUCYTCTBUM TPHSTHIAMUHA W JUMETHJIAMHUHONMPHIMHA B KadeCTBE KaTaIN3aTOPOB
JlaBajo Tpuamerar 2, KOTOPHIH BBIIGJSUIM B KPHCTAUIMUECKOM cocTostHuu. OOpaboTka
Tpranerara 2 XJOPOKHChIO (ocdopa B aneToHUTpmie B npucyTcTBUM N,N-InMeTHIaHWINHA
n GeHzmiTpuITIIaMMOHKH Xitopuctoro mpu 100-110 °C n nmocnenyiomas cranapTHas 00padoTka
peakuMoHHOM cMmecH (HeHTpanmuzanuss U 00pabOTKa CMEChIO «XJI0po(opM—BOAa») TPHBOIHIH
K 6-XJIOPIIPOU3BOAHOMY (3), KOTOpOe 0€3 JOMOIHUTEIbHON OYHCTKHY JI€3aeTHIIMPOBAIIN AEHCTBUEM
pacTBOpa Kapbonara kanus B Metanosie npu 50-60 °C. ITocnenyromas o6paboTka peakliHOHHOH
cMecu moHOoOOMeHHO# cmomoit Jayake 50%8 (H'-popma) M aKTHBHPOBAaHHBIM YIJIEM ITPUBOAMIA
K JIe3alEeTHINPOBAHHOMY O-XJIOPIIPOM3BOIHOMY (4), BEIIEICHHOMY B BUJIE aMOP(HOTO HOPOIIKa.

Cunmes ¢ayoapabuna 9. Cunres 2-F-araA 9 mpoBoamim corjlacHO ciefyromeil cxeme
(pucyHOK 2).
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Pucynok 2 — Cxema cunte3a ¢guayrapaduna 9

IIpu mpoBenenun hepMEeHTATHBHOTO CHHTE3A (TyAapaOuHa peakIIHOHHYIO CMECh, COCTOSIITYIO
n3 apabunodypanosmryparmmiaa 5 U 2-propagennHa § B kammii-pochatHom Oydepe (pH 7.0)
B IPUCYTCTBUHU YPUANH- U ITypUHHYKIIe03ua-pochopmnas nakyouposanu npu 50 °C B Teuenue 72 4
MpHU TOCTOSIHHOM IepeMelnBanui. B xoze peakunu apabuHo(ypaHO3MITypalui 5 mpeBpanaics
B ypanwni 6 u pudo3odocdart 7, KOTOPHIA ¥ BCTYIIAN B PEAKITUIO B3aNMOIeHCTBHSA ¢ 2-(hTopaieHHHOM 8
¢ obpazoBanueM ¢uryapaduna 9. [To OKOHIaHNU PeaKUK K CMECH T00aBISUTH JUCTHIIHPOBAHHYIO
Boxy, HarpeBasu 10 90 °C 1 ocTaBsun oxnaxaaTses npu 4 °C s kpuctamumsannu Giygapadbuna.
[MonyueHHblid 0cafoKk OTQUIBTPOBBIBAIIM M TIEPEKPHCTAIUIN3OBBIBAIM W3 TOpPSYEH  BOJIBI.
Kpucrannmmaeckuit ocamox diynapabuna 9 oTuiasTpoBEIBaIN, MPOMBIBATA Ha (MIBTPE BOIOH,
STHJIOBBIM CIIIPTOM U BBICYIIMBAIIH JI0 TIOCTOSHHOTO Beca. Brixon durynapaduna 9 cocrasis 43 %.

Illuxao A. A., Xanueeckuii M. A., Coica A. I, I'puyxesuy E. P., Keactok E. H. Onenka aHTHOAKTEpUATILHOM
AKTUBHOCTH MOAU(UIPOBAHHBIX apaObUHO3UA0B ImypuHoBoro pszaa (C. 160-170)
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Cunmes pryoapaoungocgpama 12. Cunres 2-F-araAMP /2 mpoBoIuIy cOTTacHo CIeayromeit

cxeMe (PUCYHOK 3).

NH, NH, NH, NH,
N N N
N& N& NZ NZ#
FONN F SN F SN F SN
— 0 —> 0 — O

HO o) c-B-o 0 Nao_B_o 0 HO-B-0 1)

H ¢l H Nad) H HO H
H H H H

9 10 11 12

Pucynok 3 — Cxema cunte3a ¢uaynapadundocdara 12

K oxmaxnennorr no 0-4 °C cmecu tpumermiadocdara U xiopokucu ¢ocdopa modaBsum
Gnynapabun 9 v nepeMeluBaid PEeakIMOHHYI CMECh B TeueHHe 1-2 4. 3aTeM peakiMOHHYIO
cMmech, copepkangyto (ochopanxiaopunar /0, BBUIMBAIM Ha KOJOTBHIH JIeJ U K TIOJyYCHHOMY
pactBopy mobaBisimu mpu nepementuBannd 10 M pacTBOp THIPOKCHAA HATPHUS 0 HEUTPaThHOMH
peakuu. IlomydeHHBI pacTBOp, COACpPKALIMA HATpUeByI0 comb (raymapabundocdara 17,
KOHLICHTPUPOBAIIM B Bakyyme Ipu Temneparype <30 °C 10 moJoBHHBI NEPBOHAYAIBLHOTO 00beMa
C MOMOIIBI0 POTALIMOHHOTO MCHApUTENss U HAHOCUIM Ha TE€PMOCTATHPOBaHHYIO mpu 22-25 °C
XpoMaTorpauyecKyro KOJIOHKY, 3allOJIHCHHYI0 KaTHOHOOOMeHHO#H cmoimoit Hayakc 50 Wx§
(200400 mem) B H'-popme. Komonky amrompoBanm Harpetoil mo 22-25 °C Bomoit. ®pakuumu,
coaepxaiue Guynapadbundocdar, cooupaiy U MoMeIaau B XoJoauabHUK Ha 18—20 4. Beimapmimii
ocanok (urynapadbungocdara /2 oTGUILTPOBBIBAIN, MPOMBIBAIN HA (QHIBTPE BOIOH, ATHUIOBBIM
CIIUPTOM U BBICYIIMBAJIH JI0 TIOCTOSIHHOTO Beca. Berxon mpoaykra coctaBsit 70 %.

baxkmepuansnsie Kynomypol. B pabote wucmonb3oBaHBl mTaMMbl  Bacillus  cereus
u Proteus mirabilis. baxkrepuanbHble KOJIOHMM HCIIOJIB30BaHHBIX B padOTe IITAaMMOB
MEPEeHOCHIN B acenTuueckux ycioBusx B 10 mum MIIb-conepikamyto KOHHYECKYH KOOy
C KpeIIKOH W wmHKyOmpoBamm B TeueHwe 24 4 mpu 32 °C u 37 °C mns Bacillus cereus
u Proteus mirabilis coorBerctBenHo. [locie 18-24 ¥ mHKyOamum KIETKH HEHTPU(PYTHPOBAIH
pu 6000 06/MHH B TeUECHHE 5 MHH, HaTOCA0YHY O )KUIKOCTh OTOPACHIBAIIN U KIIETOYHYIO (DPAKIIHIO
pecycnenaupoaiu B pocaraom 0ydepe (pH 7.4) ¢ mocnenyromum neHTpudyrupoanuem. Janee
PETUCTPUPOBAI MHTEHCUBHOCTH mormiomenns mpu 600 aM (OD600) Ha cmexrpodoromerpe.
[Tyrem mocienoBaTeNbHBIX Pa3BEICHUN HOOWBAINCH 3HAYCHUN ONTHYECKOW IUIOTHOCTH PacTBOPa
B auamnasone ot 0.15 mo 0.2 OD600, koTopsiii, Kak cuutaercs, comepxut 108 kimetox/miu. anee
MOJTY4EHHYIO CYCIEH3HUIO JIOTOITHUTEIHLHO Pa30aBIIsiIv 10 MOTyYeHHs KOHIIEHTpanu 107 KiIeTok/ M
JUTS. TECTUPOBAHUS aKTUBHOCTH HCCIICIYEMBIX COCTUHCHUH.

Onpeoenenue xncuznecnocoonocmu Kiemox. JXKU3HeCTIOCOOHOCTh OaKTEPHATBHBIX KYJIBTYpP
OIICHUBAJIH 10 YPOBHIO METa00IM3Ma pe3asyprHa B 96-nyHOUHbIX miaHiierax (Sarstedt, ['epmanust)
no metoauke [15]. Cycnensuro kinetok o0beMoM 10 MKIT ¢ 100aBIEHHBIMU MOAN(GHUIMPOBAHHBIMH
HYKICO3UAAMH W HYKICOTHAAMH B WCCICAYEMBIX KOHIICHTPAIMSIX WHKYOHpOBAIH a’dpoOHO
B TedeHue 24 4, nanee cmermmBamy ¢ 200 MKIT pe3asyprHa B KOHIeHTparun 20 MKMOIB/T B (hocdaTHOM
oybepe (pH 7.4). Tlocme 60 MuH WHKYOAlMM ONpPEACISUIA HMHTCHCHBHOCTH  (DIIyOpECIICHIINM
pesopyduHa (dex = 520 uM, lem = 590 HM) Ha mwianmerHoM puaepe BioTek Instruments Inc. (CILIA).
Db PEeKTUBHOCTD ACHCTBUS COSMMHCHHUN U KaXTOM KOHIICHTPAIIMH OIICHUBAIM B IICCTHKPATHBIX
TOBTOpaxX ¥ PACCUMTHIBAIM CpEAHEe 3HAUCHWE + CTaHaapTHOe OTKIOHEeHWe. CTeneHb IMONABICHUS
KJIETOYHOTO POCTa PAaCCYMTBHIBAIM KaK OTHOLICHWE 3HAYCHUH WHTEHCUBHOCTH ()IyOpECLCHIUH
B JIYHKaX, COAEPKAIINX HYKJICO3WIBI/HYKJICOTH/IBI, 10 CPABHEHHIO C KOHTPOJILHBIMH JTYHKAMH,
HE COZIepIKALMMHU COCIMHCHNH.

Bianozia (Mamapuiansnoia ymoset sncoiyya. biaximia. Manekynapuas oianozia. biagizika)
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Onpedenenue GHYMPUKIEMOYHO20 YPOBHA AKMUGHBIX Qopm Kucaopooa (ADK).
Jost ONpEaEIICHUs YPOBHS BHYTPUKJIETOUHBIX ADK HCII0JIb30BAIIU 30H]
2,7 -nuxnopauruapoduryopectienn nuarerat (DCFH-DA) (Sigma-Aldrich, Benukobpuranus),
KOTOPBI HMCHOJIB3yeTCs Al BBIABICHUsI mmpokoro crektpa A®PK, Bkimrodas OKCHI a3oTa
U mepekuch Bogopoa [16]. KynsrypanbHyro cycrieH3u0 00padaThiBaid pACTBOPAMHU HCCIICAYCMbIX
COeMHEHU B pa3nuuHoil koHneHTpauuu B npucyrcrsun DCFH-DA npu koHeYHOH KOHLIEHTpaliu
5 MxMm B 0,85 % ¢usnonornueckom pactsope u mHKyOuposanu npu 37 °C a3poOHO B TeueHue 24 .
B kadecTBe OTpHLIATEIEHOTO KOHTPOJISI UCIIOJIB30BAIH OaKTEepUaIbHbIEC KyJIbTYyphl 0€3 00aBIeHHs
uccrneayemMbIx coenuHeHnid. Yposenb ADK ompenensimu guyopuMerprdeckn Ha npubope Tecan
microtiter plate (Aex =485 HM 1 Aem = 525 HM). DKCIIEPUMEHT TPOBOJUIICS B TPEX MTOBTOPAX.

Cmamucmuueckuii ananu3. J1jis moctpoeHus Moienei «o3a —3pdekt» B HacTosmei padore
WCIOJIb30BaHa JIOT-JIOTUCTHYECKAs MOJICTh C YEThIpbMs mapameTpamu (b, ¢, d, e) LL.4 oubnuorexn
drm B cpene crarucruueckux Berarciaenuit R (GraphPad Software, Inc.), kotopast umeer BuI

d _
pX) =ct —05 C—l :
] 4 (P logx—loge)

OrneHuBaeMble TapaMeTpbl MOJEIEH MMEIOT BIIOJIHE OIPENCNICHHBIH (U3MYECKUH CMBICI.
B wactHOCTH, U1 TOT-JIOTUCTUYECKON MOJEIIH:

— TapaMeTpsl ¢ M d ONpEeNeNsIOT HWKHIOI ¥ BEPXHIOI TOPHU30HTAJIBHBIE ACHUMIITOTHI
CUTMOUJTHOW KPHUBOIi;

— e COOTBETCTBYET MOJIOKEHHIO TOUKH T1epernoa;

— d — k03¢ GUIHMEHTY yIIa HAaKJIOHA B 00JIACTH MEPEXOTHOTO COCTOSIHUSI.

ITonronka napameTpoB MoJielel K aHaIU3UPYEMBIM AIMIUPUUECKUM JaHHBIM OCYIIECTBIISIACH
C HCIOJIb30BaHUEM O0OOIIEHHOTO MeToJa MHWHHMH3AaLUK CYMMbBl KBaJpaToB OTKJIOHECHUH
MOJICTIBHBIX MPOTHO30B OT HAOJII0JaEMBIX 3HAUCHUH C YUETOM CIELHaIbHO OA0MPAEMBbIX BECOBBIX
K03()PULNECHTOB.

CraTucTHYeCKUH aHaNIM3 OLIGHMBAaEMbIX IapaMETPOB MPOBOAWICS C HCIOJIB30BaHUEM
t-kpurepuss CTBIOIEHTA, C TOMOIIBIO KOTOPOrO TPOBEPsUIaCh TUIOTE3a O PABEHCTBE KaXKIAOTO
KO3 PHUIIMEHTa HYIIO0 M PACCUMTHIBAINCH p-3HAYCHUS, OIPEACIAIONINE JIOCTUTHYTHI ypOBEHb
3HaYUMOCTHU. [IpoBepka CTaTUCTHYECKOH 3HAUMMOCTH MOJENU B LIEJIOM OCYIIECTBIISIACh IMyTEM
ee CpaBHEHHS C IPOCTOH perpeccrueil, MMeIoIeil HyaeBoi K03 GULIMEHT HaKIOHA (TOPU30HTAIbHAS
JIMHUS PETPECCHU COOTBETCTBYET OTCYTCTBHUIO 3aBUCHMOCTH «/103a — AP deKrT).

PesyabraTtel m oOcyxaenume. B pabore mpoBeleHa OLEHKA BIMSHHS —Pa3IMuHBIX
KOHIICHTpaluii ~ MOAM(HUIMPOBAHHBIX  HYKJICO3UIOB  2-(TOp-apabuHOGypaHO3UITaICHUHA,
2-aMHHO-0-XJIOp-apabuHO(ypaHO3WIIypUHa U HyKieoTHIa 2-(prop-apabuHodypaHO3MUIaCHUH
MoHO(oc(haTa Ha KU3HECHOCOOHOCTh YCJIOBHO-TTATOI€HHBIX OaKTEpHANBHBIX KYJbTYp B. cereus
(rpamnonoxurenbubie) U P mirabilis (rpamoTpuLaresibHble). Bee n3yueHHbIe MOIU(PHUIIMPOBAHHEIC
IIYPUHOBBIE HYKJICO3UABI/HYKJICOTH/Ib TMOKAa3aJH JI0303aBUCHMYI0 HMHIMOMTOPHYIO aKTHBHOCTb
10 OTHOILCHHUIO K OaKTepHAIbHBIM KYJIbTYPaM B OKCIIOHEHIIMAIIBHOH (ha3e nx pocra (pPUCYHOK 4).

Kak BupHO W3 JaHHBIX, NPEICTaBICHHBIX HA pUCYHKEe 4, B jauarna3oHe O00O03HAYCHHBIX
kouuenrpaiuii  (10°-10% M) Bce HCCICIOBAaHHBIE COEIMHEHUS BbI3BIBAIOT CHIDKEHHUE
JKM3HECHIOCOOHOCTH OaKTEepHUAIBHBIX KYJIBTYpP. XapakTep KPUBBIX U3MEHEHHS jKU3HECTIOCOOHOCTH
KJIeTOK B obOmactu koHuentpauuidi (10°—10* M) cBuaeTenscTByeT 0 TOM, 4TO 3()(HEKTHBHOCTD
MHIHOMPYIOIIETo JICHCTBHSI HAa POCT KIIETOK B. cereus cHwxaercs B psny 2-F-araA > 2-NH2-6-Cl-
araPur > 2-F-araAMP. OnHako npu pacCMOTPEHMH PACCUMTAHHBIX JUISl COSAMHEHNH 3HaueHnid ED,
NpU UX JCUCTBUU Ha KJICTKH B. cereus BHIHO, YTO DsiJi aKTUBHOCTH JUISi COCAMHECHUH HMeeT
oOpatHblit Xapakrep: (2-F-araAMP —5.5-10* M) > (2-NH,-6-Cl-araPur — 2.5-10° M) > (2-F-araA —
1.1-103 M).

[pu aeiicTBUM TECTHPYEMbBIX COCANHEHHH B TeX ke KoHueHTpauusx (10°—10* M) Ha KynbsTypy
KJetok P. mirabilis vHrnOMpyromas akTHBHOCTh COEIMHEHUH cHIpKaercst B psny 2-F-araAMP >
2-NH,-6-Cl-araPur > 2-F-araA. Eciu e paccMarpuBaTh paccuuTaHHble 3HaueHus ED,
JUISl MCCIIEJTyeMbIX COCIMHEHHH, TO PsiJi MHTHOUPYIOMel aKTHBHOCTH MPHOOpETaeT CIedyIOIui
Buj;: (2-F-araA — 3.8:10* M) > (NH,-6-Cl-araPur — 4.4:10* M) > (2-F-araAMP — 7.3:10* M).
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Pucynok 4 — Bausinue pasin4nbix Konuenrpauuii 2-F-araA, 2-F-araAMP u 2-NH,-6-Cl-araPur
HA JKH3HECNOCOOHOCTD KJIETOK 0aKTepHAJbHBIX KYJIbTYP B. cereus (a) u P. mirabilis (0)

[TonyueHHble JTaHHBIE TO3BOJSIIOT MPEAIIOIOXKNATH HECKOJIBKO OOJIBIIYIO YYBCTBHTEIHLHOCTH
KJIeTok P mirabilis K HU3KMM KOHIEHTpAIMsAM HCCIeqyeMbIX coequHeHuid. [lpm anammse
MHTHOUPYIONICH aKTHMBHOCTH COCAMHEHHH TpPH HMX KOHIEHTpauud B paiioHe 107 M Obuio
00Hapy»XeHO MOAABIEHUE POCTa KIETOK KyNbTYphl B. cereus Ha 30—40 %, a U1 KynbTypbl KIETOK
P. mirabilis — na 15-20 %, 94T0 CBUIETEIBCTBYET O OONBIIEH YyBCTBUTEILHOCTH KIIETOK KYJIBTYPHI
B. cereus B OTHOILIEHUM UCCIIEAYEMBIX COSMHEHUI.
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B pabote Taxke OBUTIO M3yUeHO BIHMSHHWE CHHTE3MPOBAHHBIX COeWHEHHH Ha ypoBeHb ADK
B OaKTepHaNbHBIX KyJbTypax. V3BeCTHO, 4TO B psijie CiydaeB THOeNb OaKTEpHUAIBHBIX KIIETOK
SIBIISIETCSI pe3yJIbTaTOM NoBbIeHns ypoBHs: ADK o neficTBreM aHTHOAKTepHUaIbHBIX IIPETapaToB.
ITosbimenHoe coaepkanne ADPK MoKeT IpUBOIUTH K MOBPEXKICHHUIO KEIE30CEPHBIX KIacTepOB,
BBICBOOOX/1asi TEM CaMbIM HOHBI XKeje3a Fe?", KoTopeie aiee BCTYMaT B PEAKIIUIO C TIEPEKHUCHIO
Bomopona (peakuuss denHtoHa). B 3TOM ciydyae aKkTHBHpYETCS LEMHON mporecc 00pa3oBaHUA
THIPOKCWIBHBIX PAJANKAJIOB, KOTOPHIE MOTYT HEMOCPEACTBEHHO MOBPEXKIaTh BHYTPHKICTOUHYIO
JIHK, nunuaer v OenKH.

Jlnst IpoBepKU BO3MOXKHOCTH CYIIECTBOBAHMSI OMMCAHHOTO MEXaHW3Ma aHTHOAKTEPUAILHOTO
JIeWcTBHs, OaKkTepualibHble KYJIbTYphl B. cereus u P. mirabilis KynbTUBUPOBAIM B MPUCYTCTBUH
H3ydaeMbIX COCTUHECHUHN B Tex ke KoHmeHTparusx 1 DCFH-DA B kauecTBe Hecnenupuueckoro
3ouAa g ompenenenus ypoBHs ADK. ITokasano, uro ypoBenb ADK MHOTOKpaTHO BO3pacTai
BO BCEX OAKTEpHATBHBIX KYJIbTYPax IPH UX KyJIbTHBUPOBAHIH CO BCEMH N3y IEHHBIMH COCIMHEHUSMHU
(pucyHOK 5).

W3 naHHBIX, TpEACTABIEHHBIX Ha pPUCYHKE 5, MOXKHO cJenarh psif  3aKIIOueHHH.
Bo-nepBbix, ¢urynapabun oxasaincs Haubosee 3((HeKTHBHBIM COEIMHEHHEM B TOBBIIICHUN YPOBHS
A®K mpu ero aeiictBuu Ha 00e OakTepuanbHBIE KYyJIbTyphl KJIETOK. Bo-BTOpPBIX, (iaymapaOun
BO BCEX M3YUYEHHBIX KOHIIEHTpAIsIX OoJee 3¢ exTHBHO moBHIIan ypoBeHb ADK mpu melicTBim
Ha TPaMIIOJIOKUTENbHBIE KIETKH KYJIbTYphl B. cereus. B-Tperbux, mns obenx OakTepHalbHBIX
KyIbTyp JUIl BCEX MW3YYEHHBIX COEAMHEHUH JKCIOHEHLIHUANbHBIH pocT ypoBHeH ADK
peructpupoBaiics nocie goctikenus 0,1 MKM KOHIEHTpalui, 4To KoppenupyeT co 3Hauenusimu ED, ,
pacCUUTaHHBIMM Ha OCHOBAHUM IKCIIEPUMEHTAIIBHBIX JAaHHBIX 10 MHIMOMPOBAHUIO KJIETOUHOIO
pocra. B-ueTBepThIX, U3 BCEX WCCJICJAOBAHHBIX COCIUHEHUI HaMMEHbIIEH aKTUBUPYIOIIEH
noBeIieHNe ypoBHSI ADK aKTHBHOCTBIO B cIydae KyJIbTYpPHI B. cereus obnaman piaynapadbungocdar,
a B ciy4ae KynbTypsl P. mirabilis — 2-aMuHO0-6-X710p-apaOuHO(ypaHO3WIITYPUH.

[Io COBOKYNHOCTH TIIOJy4EHHBIX pE3YyJIbTaTOB MOXKHO TIPEAIOJIOKHUTh, 4YTO YCHJICHHAS
BeIpaboTka ADK oka3pIiBaeT KOCBEHHOE BIMSIHUE Ha POCT IITAMMOB U3yYEHHBIX OaKTEpHA.

Buemnsis  snmnononucaxapugnas  obosouka  (JITIC), mnpucymas rpamMoTpULaTeIbHbIM
OGaKkTepHaIbHBIM KyJIbTypaM, 00ECIIeYMBACT 3aLIUTY OT TOKCHYECKOTO BO3ACHCTBHS IK30TECHHBIX
areHTOB. YKa3aHHas CIIOCOOHOCTh IO3BOJIIET OaKTEpUsM BBDKMBAaTh B HEOJIArONPHUSTHOH
JUII HUX BHeIIHeH cpexe. Pamee Oputo mokazano, uro JIIIC mpexpcraBmser coOoit pu3maecKuit
WJIN XUMHYECKUil Oapbep Ha MyTH Pa3MuHBIX MOBPEXK/IAIONINX areHTOB, B TOM YHCJIE U aKTHBHBIX
¢dopm kuciopona [17]. Kak cnencrsue, Te GakTepuasibHbIE ITAMMBI, KOTOPBIE HE MPOJYLUPYIOT
JITIC, mposiBAsIFOT OOJIBIIYIO YyBCTBUTEIBHOCTD K 9K30TeHHBIM ADK, uem 1mraMmbl, COXpaHSIOIIUe
9Ty CIIOCOOHOCTb.

Y OGonbIIMHCTBA TPAMIIOIOKUTEIBHBIX OAaKTEpHUH OTCYTCTBYET CTPYKTypa, aHaJIOTHYHAs
JIMIIOTIONIMCAXaPUAHONH 000I0YKE IPaMOTPHULATENbHBIX ITAMMOB. BBIMONHAS Poiib (HU3HUECKOTO
6apbepa, 3Ta BHEIIHSS KJICTOUHAast 0007109Ka MOKET TAaKXKe BBICTYIATh B POJIM XUMHUECKOH JIOBYIIIKH
A®K, mpuunHO# 4ero sIBISIOTCS BXOJISIIUE B €€ COCTaB HEHACHIIIICHHBIE )KUPHBIE KUCIOTHI U OCJIKH,
KOTOpBbI€, KaK U3BECTHO, SIBISIOTCS COETMHEHUSIMH, aKTUBHO pearupytomumu ¢ ADK [18].

Cnenyer, onnHako, oTmetruth, JIIIC rpamoTpumarenbHbIX OakTepuid HE TNPEACTABISACT
co0O JKM3HEHHO BAKHBIX MUIIEHEH A JeTainbHOro AeicTBUs ADK, MOCKONBKY HX MOKHO
ymanuTh, He yOuBas kieTku (oOpa3oBaHme cepomnacToB). [IOCKOMBKY CTPYKTypa KIETOYHOMH
CTEHKH TpaMIIOJIOKUTEIbHBIX W  TI'PaMOTPHLATENBHBIX  OaKTepwil TMpeacTaBiseT CcoOOM
(yHIaMeHTAIbHOE pa3yinuue MEeXIy ATUMH KieTkamH, kak Toibko ADK mepecekaror OGapnep,
MOYKHO O)KHJIaTh, YTO MHUIICHU U MEXaHU3Mbl YHUUTOXKEHHS KJIIETOK KaK JJIsl IPaMII0JI0KUTEIIbHBIX,
TaK | JJIsl [PaMOTPHLIATEIbHBIX OAKTEPUit OyIyT CXOKHUMH WM HJCHTHYHBIMH.

[lomyueHHble pe3yabTaThl IOKa3ald, dYTO Kak TpaMmoTpuuarencusie (P mirabilis),
TaK M TPaMIOJIOXKHUTENbHBIE (B. cereus) ImTaMMbl OakTepwii OKa3aJUCh YyBCTBUTEIBHBIMU
K BO3JCHCTBHIO TakMX MONU(DUIMPOBAHHBIX ITyPHHOBBIX HYKJICO3WAOB, Kak 2-pTOp-
apabnHO(pypaHO3MWIAAECHHH, 2-aMHUHO-60-XJIOp-apaOuHOQYypaHO3WINYPUH M HyKiIeoTuaa 2-¢GTop-
apabuHodypano3miageHuHMoHO(ochar. Kpome Toro, 3Tu pe3ysibTarhl CBUACTEIBCTBYOT O HATMYHH
CTPYKTYPHO-(YHKIIMOHAIBHBIX B3aHMMOCBS3E€H B psily HCCIEAOBAHHBIX MOAU(UIIMPOBAHHBIX
IIypPUHOBBIX apaOMHO3KUIOB U MX OMOJIOTHUECKOW aKTHBHOCTBIO.
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Pucynox 5 — Biusinne pasnnunbix Konuenrpauui 2-F-araA, 2-F-araAMP u 2-NH -6-Cl-araPur
HA BHYTPUKJIeTOYHbI ypoBeHb ADK B faKTepHANIbHBIX KYJIBTYpax
B. cereus (a) u P. mirabilis (0)
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B pabote nokazano, uro nmpoaykuus ADPK B mtamMmax OakTepuil yCHIMBAIACh 10303aBUCUMBIM
00pa3oM MpH KYJIBTUBHPOBAHMU OaKTEPUANBHBIX KJIETOK B IPUCYTCTBUM BCEX M3yUYEHHBIX
coenunenuii. Hanbonpiee noseienne ypoBHss ADK Ob110 00HApYXKEHO MPH KYIHTHBUPOBAHUU
OaKkTepuaNbHBIX KYJIBTYp B NPUCYTCTBHH (ryaapaOuHa, 4TO, OIHAKO, HE COBCEM KOppEIHpyeT
¢ ero 3(ppeKToM B HHTHOUPOBAHUU POCTA OAKTEPHAIBHBIX KICTOK.

3akaouenue. B paboTe mokazaHo, 4To MOAU(DUIIMPOBAHHBIE ITYPHUHOBBIE HYKICO3UIBI
2-(brop-apabuHO(ypaHO3WIAACHUH, 2-aMHUHO-0-XJI0p-apaOMHOPYPAHO3WIIYPHH M HYKJICOTH]I
2-(brop-apabunoypanosmiageHuHMoHO(pochaT ABIIIOTCA 3)(HEKTHUBHBIMH HHTHOUTOPAMH POCTa
KaK TpaMOTpHUIaTeNbHbIX (P. mirabilis), Tak ¥ TpaMITOIOKUTENbHBIX (B. cereus) 6akrepuii. 2-F-araA,
2-NH_-6-Cl-araPur n 2-F-araAMP Takxke CmoCOOHBI YCHUIMBATh BHIPAOOTKY BHYTPUKJIETOYHBIX
A®K. Boree 3(h(heKTHBHBIM COCAUHCHUEM, CIIOCOOHBIM CTUMYIIMPOBATh MPOIIECC OKUCIUTEIBLHOTO
cTpecca myteMm ycwieHus npoaykiun ADK, a Takke MoAaBIsATh POCT KIETOK OaKTepHAaIbHBIX
KYJIBTYP, MOXKHO CUuTaTh (hrrymapadbundocdar.
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Estimation of antibacterial activity of modified purine arabinosides
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Abstract. The introduction indicates the object of study — nucleosides, which are a large family of natural
and chemically modified analogs, characterized by a huge structural diversity. It is shown that after the start
of systematic research, a number of leading structures of great biological and medical importance
were discovered. Therefore, studies of the potential antibacterial activity of new nucleoside derivatives are extremely
relevant, especially in the era of the rapid development of antibiotic resistance and the urgent need to search
for new drugs alternative to traditional antibiotics. The aim of the study is to evaluate the effect of modified
nucleosides 2-fluoro-arabinofuranosyladenine (fludarabine), 2-amino-6-chloro-arabinofuranosylpurine
(2-NH2-6-Cl-araPur) and the nucleotide 2-fluoro-arabinofuranosyladenine monophosphate (fludarabine
phosphate) on opportunistic pathogens bacterial cultures of B. cereus and P. mirabilis. In the main part, quantitative
characteristics of the antiproliferative activity of the studied compounds in relation to opportunistic bacterial
cultures B. cereus and P. mirabilis were obtained, and the effect of the synthesized compounds on the level
of reactive oxygen species (ROS) in bacterial cultures was also studied. The methods used to assess the severity
of oxidative stress, analysis the viability of cell cultures, and build statistical “dose-effect” models are indicated.
It was found that all the studied modified purine nucleosides/nucleotides showed dose-dependent inhibitory
activity against bacterial cultures in the exponential phase of their growth. It was shown that ROS production
in bacterial strains increased in a dose-dependent manner when bacterial cells were cultivated in the presence
of all the studied compounds. Based on the totality of the results obtained, it can be assumed that increased
production of ROS has an inhibitory effect on the growth of strains of bacteria used in the work. The parameters
of the log-logistic “dose-effect” models were calculated and their statistical significance was assessed. The results
obtained can be used to create drugs for the treatment of infectious diseases.

Keywords: antibacterial activity, modified nucleosides, fludarabine, reactive oxygen species, log-logistic model.
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Boree nodpobro mpeboeanus K 0QOPMAEHUIO MAMEPUAN08, A MAKKE YCAOBUSL
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