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Pestome. OnHOIT 13 aKTyaJlbHBIX TPOOJIEM 31paBOOXPAHEHMS SIBJISICTCS YCTOMYMBOCTD OaKTEpUii K TPUMEHSIEMBIM ¢~
3MH(PUIUPYIOIIUM CPEeICTBAM, CITOCOOCTBYIOMIAST (DOPMUPOBAHUIO M PACIIPOCTPAHCHUIO PE3UCTEHTHBIX ITAMMOB.
Takast ycTOMYMBOCTH Pe3KO CHIUXAeT 3(h(HEeKTUBHOCTH TPOBOAUMBIX TPOTUBOSIMUAEMIIECKIX MEPOITPUSITHI U CITO-
CcOOCTBYeT MOIJIEPXKaHMIO BEICOKOTO YPOBHS 3a00ieBaeMoCTH. B ycnmoBusgx pocra 3adoneBaemoct MCMII, ux moau-
STHOJIOTMIYHOCTH, OOJIBIIOrO aganTallMOHHOTO TIOTEHIIMAJA YCIOBHO-ITATOTCHHBIX MUKPOOPraHU3MOB, HapacTaHU S
YCTONYMBOCTH K aHTUMMKPOOHBIM TIperapaTtaM Ha3peiaa HeOOXOAMMOCTh pa3pabOTKM HOBBIX MM MOAW(DUKAIINN
CYIIECTBYIOIIMX BEIICCTB PACTUTEIBHOIO MJIM CMHTETUYECKOTO MPOUCXOXKACHUSI, 00IafaoIllNX aHTUMUKPOOHBIM
JIEHCTBUEM U WCITOJNIb3YEMBIX B Ka4eCTBE aHTMMUKPOOHBIX areHToB. K TpemcTtaBUTeNsIM TaKOro KJlacca COeNMHe-
HHUI OTHOCSITCSI TIOJIUTYaHUIUHBI, KOTOPBIE XapaKTepu3yIOTCs BHICOKON aHTUMHUKPOOHON aKTMBHOCTBIO M HU3KOM
TOKCUYHOCTHIO. biraromapst BEICOKOI peaKIIMOHHOM CITIOCOOHOCTH T'YaHUINHOBOM I'PYIITMPOBKH, a TAKXKE IMIPOCTOTE
CHUHTE3a M OTHOCUTEIBHOM TOCTYITHOCTH ChIPhS METOIOM MTOJIMKOHICHCAIIM Y B paciijiaBe ObLIN MOTyueHBI N-(heHuI-
1 N-OKTHIJI3aMeIIeHHBIC IIPOM3BOIHBIC MIOTUTEKCAMETUIICHTYaHUIMHA THUAPOXJIOPUIA, OTIPEACICHBI MX MOJIEKYISIP-
HO-MacCCOBBIC XapaKTepUCTUKU, MeTomoM M K-crmekTpockonuu ncciaenoBaHo cTpoeHne. PaHee mpoBeneHHOE UCCe-
JMOBaHME OCTPON TOKCMUYHOCTU MPOM3BOAHBIX MOJUTEKCAMETUICHTYaHUINHA THAPOXJIOPUIA TTOCIe OMHOKPATHOTO
MTOCTYTUIGHUS TIperapaToB B OPTaHU3M JIaOOPATOPHBIX XKMBOTHBIX (O€IBIX MBIIICH) IMepopasbHBIM ITyTEM ITO3BOJIH-
JI0O YCTaHOBUTH cieayomue 3HaueHus LDs,: monrmrekcaMmeTuieHryaHuauHa ruapoxiaopun — 850,0+112,02 Mr/Kr;
N-deHunnzaMenieHHbli mosureKcaMeTuaeHryanuanHa ruapoxiaopua — 1399,9+120,51 mr/kr; N-okTuI3aMeIeHHBIi
MoJIMTeKcaMeTUIIeHTyaHuAuHa Tuapoxiaopun — 1150,0+137,40 mr/kr. [loayueHHBIC 3HAYEHUS TTO3BOJISIOT OTHECTH
CHHTE3MPOBAHHBIC TIPOU3BOIHBIC K YETBEPTOMY KJIACCY OIMMACHOCTH M OTKPBIBAIOT BO3MOXKHOCTDH UX IIPUMECHEHUS
B KaueCTBE aKTUBHBIX KOMIIOHEHTOB Ie3MH(PUUIMPYIOMUX cpeacTB. OIeHKY aHTHOAaKTepruaJbHBIX CBOMCTB 00pas-
LIOB ITPOBOIMJIM METOIOM CEPMIHBIX pa3BeACHUI B arape Ha TOCIIMTAIbHBIX IITAMMaX OAKTEepUil M rpubOOB, BBIIC-
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JIEHHBIX U3 OMomaTepualia mauueHToB PecnydaukaHckoi KinmHuueckoi 6oiabHuibl M. H.A. Cemaliko, corjacHo
KJIMHUYECKUM peKoMeHAauusIM «JlabopaTopHasi IMarHoCTHKa BHEOONbHUYHBIX MTHEBMOHUM» 2014 1., «bakTepuo-
Jornyeckuit ananus moun» 2014 r., «OnpeneaeHure 4yBCTBUTEIbHOCTU MUKPOOPTaHU3MOB K aHTUMUKPOOHBIM Ipe-
naparam» 2015 1. YcraHoBaeHo, uTo N-3aMelleHHble TPOU3BOAHbIE MPOSIBJSIOT 00JblIee aHTUMUKPOOHOE e CTBIE,
YeM BELIeCTBa C He3aMelleHHBIM oJuMepoM. Hanbosiee 4yBCTBUTEIbHBIMU KO BCEM MPEACTaBICHHbBIM Mpernaparam
SBJISTIOTCST IPOXKKenono0Hble Tpubkl Candida albicans (Ne 2495) (moHOe yrHETeHUE), a TaKKe METULIMJIITUH-PE3U-
CTEHTHBIN S. aureus (N 2544), mpruyeM 3aMelleHHbIE 00pa3Ibl TPaKTUIECKH ITOJTHOCTHIO MTOJABIIIOT ero pocT. Hau-
0oJiee yCTOMUMBBIMU MITaMMaMu BiIsiioTes P. aeruginosa (Ne 2281), A. baumannii (Ne 2806) u K. pneumoniae (Ne 3023),
MIPOLICHT PENYKIINHU 3TUX OAKTEPUIA TP IECTBUN 3aMeIIcHHBIX 00pa31oB He mpeBblmaeT 41%, 4To 00BICHICTCS MX
MYJIBTUPE3UCTEHTHOCTHIO.

Karoueesnle caosa: noaucyanuounsl, noaukoHoeHcayus, 0esunpuyupyouue cpedcmea, aHmumMuKpooroe deticmaie,
Pe3UCMeHMHbLe WMAMMbL.

ANTIMICROBIAL ACTIVITY OF POLYHEXAMETHYLENE GUANIDINE HYDROCHLORIDE
DERIVATIVES AGAINST MULTI-RESISTANT MICROBIAL STRAINS
Ochirov O.S.?, Burasova E.G.", Stelmakh S.A.?, Grigor’eva M.N.?, Okladnikova V.0.?, Mognonov D.M.*

@ Baikal Institute of Nature Management of the Siberian Branch of the Russian Academy of Sciences, Ulan-Ude,
The Republic of Buryatia, Russian Federation
b Republican Clinical Hospital named after N.A. Semashko, Ulan-Ude, The Republic of Buryatia, Russian Federation

Abstract. The resistance of bacteria to the disinfectants used is one of the pressing health problems requiring to be addressed
in order to prevent formation and spread of resistant strains. Bacterial resistance leads to a sharply decreased effectiveness
of anti-epidemic measures and contributes to maintaining a high morbidity level. In the context of the growing HAI inci-
dence rate and related polyetiology, the large adaptive potential of opportunistic microorganisms, and the growing resist-
ance to antimicrobial drugs, it is necessary to search for new or modify the corresponding substances of plant or synthetic
origin exerting antimicrobial action used as antimicrobial agents. One of the representatives of this class of compounds are
polyguanidines, characterized by high antimicrobial activity and low toxicity. Due to the high reactivity of the guanidine
group, as well as ease of synthesis and relative availability of raw materials, N-phenyl- and N-octyl-substituted derivatives
of polyhexamethylene guanidine hydrochloride were able to be obtained by melt polycondensation, their molecular weight
characteristics were measured as well as the structure investigated by IR spectroscopy. An earlier study on the acute toxic-
ity for polyhexamethylene guanidine hydrochloride derivatives after a single oral drug intake in laboratory animals (white
mice) allowed to establish the following LDy, values: polyhexamethylene guanidine hydrochloride — 850.0+112.02 mg/
kg; N-phenyl-substituted polyhexamethylene guanidine hydrochloride — 1399.9+120.51 mg/kg; N-octyl-substituted pol-
yhexamethylene guanidine hydrochloride — 1150.0+137.40 mg/kg. Such values, according to the tabulation of hazard
classes, allow the synthesized derivatives to be classified into the fourth hazard class and open up an opportunity for using
disinfectants as active components. The evaluation of the antibacterial sample properties was carried out by using serial di-
lutions in agar on hospital bacterial and fungal strains isolated from the biomaterial of patients at the Republican Clinical
Hospital named after V.I. Semashko, according to the clinical guidelines “Laboratory diagnosis of community-acquired
pneumonia” 2014, “Bacteriological analysis of urine” 2014, “Determination of the susceptibility of microorganisms to an-
timicrobial drugs” 2015. It was found that N-substituted derivatives exhibit a greater antimicrobial effect compared with
unsubstituted polymer. The most sensitive to all the drugs presented was the yeast-like fungi Candida albicans (No. 2495)
(complete suppression), as well as methicillin-resistant S. aureus (no. 2544), and the substituted samples almost completely
suppress its growth. The most resistant strains are P. aeruginosa (No. 2281), A. baumannii (No. 2806) and K. pneumoniae
(No. 3023), the percentage of reduction of these bacteria under the action of substituted samples does not exceed 41%,
which is accounted for by their multi-resistance.

Key words: polyguanidines, polycondensation, disinfectants, antimicrobial action, resistant strains.

BeeneHnue

OaHOI M3 aKTyajbHBIX IIPO0OJIEM 3IpaBOOXpa-
HEHUSI SIBJISIETCS YCTOMYMBOCTb OaKTEpUil K IIPU-
MEHSIeMBIM ne3nHbuImpytomum cpeacteam (J1C),
cnocoOcTByIoNast GOPMUPOBAHUIO U PACIIPOCTPA-
HEHUIO PE3UCTEHTHBIX LITaMMOB. B MeauLnHCKOM
JIMTEepaType OIMUCAHbI CAydyaud HEOOCTATOYHO 3(-
dexkTuHOro npumeHeHust JC B OTHOLIEHUU KJIU-
HMYECKUX IITAMMOB MMKPOOPIaHU3MOB, BCJIEI-

CTBUE 4YEro IaTOreHHass U YCJIOBHO-MAaTOT€HHAas
MUKpodIopa HE TOJIBKO COXPAHSIIACH JJIUTEIBHOE
BpeMsl Ha 00bEKTaxX BHEIIHEN cpelibl, HO U HaKam-
JIMBaJlach B TOTOBBIX pacTBOpax Ae3WH(MEKTAHTOB;
OTMEYaJIUCh ClIydyau, KOrna KOHTAMUHUPOBAHHBIE
OakTepusiMU PaCcTBOPBI TOCITYXWJIU (akTOpaMu
nepenayu WHGEKUUH, CBI3aHHBIX C OKa3aHUEM
MeauLUHCKON noMmoluu [4]. Peurenue naHHoi npo-
0J1eMbl BO3MOXHO MTYyTEeM MTOUCKA HOBBIX UJIU MOJU-
dukanum CymecTBYIOUIMX BELIECTB CUHTETUYEC-
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AHTUMUKPOOHOE AENCTBUE NOAUTYaHNOVHOB

KOro WU PACTUTETBHOIO MPOMCXOXAECHM S, obya-
JMalplIMX aHTUMUKPOOHBIM AeiicTBueM. K mpencra-
BUTEJISIM TAaKOTO KJjacca COCAUHEHUM OTHOCSITCS
HOJUTYaHUAUHBI, KOTOPbIE XapaKTePU3YIOTCS BbI-
COKOIl aHTUMUKPOOHOW aKTUBHOCTbIO, HU3KOU
TOKCUYHOCTBIO U LIMUPOKO MCHOJIb3YIOTCS B Kaye-
CTBE€ OCHOBHOTO JIEMCTBYIOIIETO BEIIECTBA MHOTUX
JC [2]. Beicokas peakKIIMOHHAasI CIIOCOOHOCTH T'ya-
HUJIWHOBOU TPyNMUPOBKU OTKPHIBAET LIMPOKHE
BO3MOXXHOCTU MOAM(MPUKALIMU MTOJTUMEPHOU CTPYK-
Typbl, YTO, BEPOSITHO, TO3BOJUT IOBBICUTb AHTU-
MUKPOOHYIO aKTUBHOCTb U 6€301MaCHOCTb MOJUME-
POB, MOJIYyYaIOLIMXCsl B PE3YJIbTATE CUHTE3A.

Marepuansl n MeTogpl

I[MomurekcaMeTUJICHTYaHUOAWH  THUIPOXJIOPULT
(ITTTMTI'rx) u ero N-cpeHun- u N-oKTuI3aMellleH-
HbIC MPOU3BOAHBIC OBIJIM CHUHTE3MPOBAHBI U HC-
CIeOOBaHBI C IIOMOINBIO METOHOB, OITMCAHHBIX
B pabore [7].

OlieHKY aHTUOAaKTepUaJIbHbIX CBOMCTB 00pa3lioB
MPOBOIUIIN METOIOM CEPUMHBIX PAa3BEICHUI B arape
Ha TOCITUTAJIHBIX IITaMMaX O0aKTepuili 1 TprOOB —
Candida albicans (Ne 2495), Me TULIMJLIMH-PE3UCTEHT-
Horo S. aureus (Ne 2544), P. aeruginosa (Ne 2281),
A. baumannii (Ne 2806) u K. pneumoniae (Ne 3023), —
BBIIACJICHHBIX M3 OMOJIOTMYSCKOr0 MaTepurasa Ialm-
eHToB PecnyOimKaHCKONM KJIMHUYECKONM OOJbHULIBI
M. H.A. Cemaiiko coriacHO KJIMHUYECKUM PEKO-
MeHaauusaMm «JlabopaTopHasi IMarHOCTHMKA BHEOOIb-
HUYHBIX THeBMOHU» 2014 T., «bakTepuoaornuecKni
ananu3 Mmoun» 2014 r., «OnpeneneHne 4yBCTBUTETb-
HOCTU MUKPOOPraHW3MOB K aHTUMHUKPOOHBIM IIpe-
napatam» 2015 T.

JI151 mosTydeH1 s BereTaTUBHBIX KJIETOK IIITAMMBI
MHUKPOOPTaHNU3MOB MHKYOMPOBAJIN B XKUIKON TTH-
TaTeJbHOU cpelie MpU a3pOOHBIX YCIOBUSIX B IIEH-
Kepe-uHkybaTope Biosan ES-20 (180 06/mMuH, 37°C)
B TeueHue 24 4. BeretaTuBHBIE KJIETKM KaXIOTO
TECT-00BCKTa OBLIM IPUTOTOBJICHBI B CTCPUIBHOM
Oy epHOM pacTBOpe M3 COOTBETCTBYIOLIUX OAHO-
CYTOUYHBIX KYJIBTYP METOMIOM ITpeaeIbHbIX Pa3Beae-
Huii [1, 6]. ITonmyyeHHBIE GaKTepHUaabHBIC CYCITEH-
3umn comepxauu ot 10> go 10> KOE/mia. B acenrtu-
YeCKUX YCJIOBMSX TIIATEJIBHO CMEIIUBAINUCH 20 M
arapm3oBaHHOI'O MSICOIEIITOHHOro OyJIbOHA, pa3o-
rpetoro g0 50°C, u 0,05 M 1% pacTBopa uccieny-
eMBIX (CO)ITOJIMMEpPOB HEIIOCPEICTBEHHO B YaIllKe
IMetpu. [MapannensHo ¢ vamkamu Iletpu, comep-
KAIIUMU PacTBOPHI (CO)ITOJIMMEPOB, 1T KOHTPO-
JIsl pocTa TeCT-00beKTOB NPUTOTOBUJIM YalllKu 0e3
aHTUMUKPOOHBIX ITpernapaToB. [lociie 3acThIBaHUS
arapr30BaHHOTO OyJIbOHA M MMOACYIIMBAHU S YallleK
MPOU3BOANIN WHOKYJANUIO 1o 0,1 MJ cycnieH3uu
Ha TMOJATOTOBJIEHHbBIE TBEPAbIe MUTATEAbHBIE CPEIbI
B MSITU TIOBTOPHOCTSIX M MHKYOMPOBAJIM B TEPMO-
crare 1ipu 37°C B TeueHUe 24 4 OJIs ITOACYETA BEI-
xuBmux KOE.

Ta6Gnuua. AHTUMMKPOOHOE aelicTBue

AFMIrx n ero N-sameLl,eHHbIX MPOU3BOAHBIX
Ha MYJIbTUPE3UCTEHTHbIE LUTaMMblI

Table. Antimicrobial action of PGMGHC and its
N-substituted derivatives on multi-resistant strains

N-okTun | N-penun
MUKpOOpraHMaMI ArMrrx | NfMIrx | AFMIrx
. . PHMGHC | N-octyl | N-phenyl
Microorganisms PHMG-P | PHMG-P
% peaykummn/% of reduction
Pseudomonas aeruginosa - 17 -
Acinetobacter baumannii 20 - 40
Klebsiella pneumoniae 33 - 41
Staphylococcus aureus 70 97 95
Candida albicans 100 100 100

AHTUMUKPOOHBIE CBOMCTBA OOpa3lLOB OLICHU-
BaJId C TMOMOIIbIO MPOLEHTA PEAYKIUU MUKPO-
opranusmoB (% peayKiMu), KOTOPbIi BBIYUCISIN
o cienyloleit opmyie:

NT x 100

% penykuuu = 100 — “NK

rae NK — koJinuecTBO MUKPOOHBIX KJIETOK B KOH-
Tposie, NT — KOJMYECTBO MUKPOOHBIX KJETOK
B OIIBITE.

Pe3ynbratbl 1 06CyXaeHne

UM3BecTtHO [3], 4TO psAJ YCITOBHO-TIATOI€HHBIX
o6aktepuit (Pseudomonas aeruginosa, Acinetobacter
baumannii, Klebsiella pneumoniae, Staphylococcus
aureus, Candida albicans) npeacTaBJsSIIOT Hau-
OOJIBIIIYIO OMAacCHOCTh KakK BO30yIUTEJIU BHYTPU-
OOJIBHUYHBIX WH(MEKINNW, a WX IIUpoKas pac-
npocTpaHeHHOCTb (A. baumannii, P. aeruginosa
n K. pneumoniae cymmapHo cocTaBlsoT 6osee 50%
B CTPYKTYpe BO30ynuTeseii HO30KOMHUAJIbHBIX UH-
dekuuii) [5] u BbIpakeHHast ClIOCOOHOCTb MPUOO-
peTaTtb pe3uCTeHTHOCTh K aHTUMUKPOOHBIM TIpe-
napaTtam TpeOyeT IIpuMeHeHMWsI HOBBIX BBICOKO3(-
dekTuBHbIX C 1151 00pbObI C HUMMU.

Tak, paHee ObLJIM NpOBeAeHbI PabOTHI MO CUH-
Te3y HOBBIX mpou3BoaHbIX [IT'MITx [7] mig mo-
aydyeHUsT B(P@PEeKTUBHBIX M 0O€30MacHbIX aHTHU-
MUKpPOOHBIX areHToB. IIpoBeneHHBIe pabOTHI MO-
KasaJii, 9YTO HanboJiee YyBCTBUTEIBHBIMU KO BCEM
MpeNCTaBJICHHBIM TpernapaTaM SIBJISIIOTCS JIPOXK-
XenopooHbie rpudbl Candida albicans (mojiHOE yT-
HETeHMe), a TaKKe MEeTULMJIJIUH-PEe3UCTCHTHBIN
S. aureus, mpudeM 3aMeIlleHHbBIC 00pa3Ilbl IPaKTH-
YeCKU TTOJTHOCTHIO MOAABIISLIN eTo pocT. Hanbosee
YCTOMUYMBBIMU IITAMMAaMU SIBJISLIUCH P. aeruginosa,
A. baumannii u K. pneumoniae. I1polieHT nonaBJIeHU S
pocTa 3TUX OaKTepUl IIpu JEUCTBUU 3aMEIIEHHBIX
06pas3noB He npeBbinan 41%, 4To, NO-BUIUMOMY,
00BSICHSAETCS UX MYJIBTUPE3UCTEHTHOCTBIO (TA0J1.).
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3akJito4eHme

Takum o0pa3oM, yCTaHOBJIEHO, 4YTO N-3aMellleH-
Hble TipousBoaHble [II'MITX MpPOSBASIOT aHTUMU-
KPOOHYIO aKTUBHOCTh OTHOCUTEJILHO PE3UCTEHTHBIX
mTaMMOB OakTepuii. [1o BHYTpUXKETyTOYHON TOK-
CUYHOCTU BCE€ UCCJIEIOBAHHBIE MPErnapaTbl OTHOCST-
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