The problem of antibiotic resistance
and innovative biocomposites

The antibiotic resistance of pathogenic mi-
croorganisms is one of the key problems in global
public health care. Existing antibiotics turn out to
be ineffective against new bacterial strains, the
emergence of new drugs is too slow and humanity
has come close to the threshold beyond which is a
return to the “pre-antibiotic era’, the transformation
of seemingly defeated infections into deadly threats.

A team of scientists from Russia, Romania, Ser-
bia, Poland and the Czech Republic is engaged in
research on antimicrobial properties of new bio-
compatible nanocomplexes consisting of soy lecith-

Fig. 1. General concept of “green” synthesis nanoparticles.

BIOHYBRID NANOCOMPLEXES

based on phytogenerated Ag/AgCl NPs,
biomimetic membranes and chitosan

Puc. 1. O6uwwas KoOHLENUMA HaHOYACTUL, «3€/1IeHOro» CUHTEe3a.

in liposomes, chitosan and silver/silver chloride
nanoparticles (NPs). It is important to note that in
order to reduce the toxicity of nanoparticles, “green”
synthesis was used in the study — the production
of NPs from plant extracts. Morphological (AFM,
SEM) and structural (SAXS, SANS) methods of analy-
sis confirmed the nanoscale size of components of
the produced biocomposites. The presence of hy-
brid Ag/AgCl nanoparticles synthesized from turm-
eric rhizomes or grape and mint leaves was
determined by XRD and EDS methods. The forma-
tion of stable biohybrid nanocomplexes was con-
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AHTUBUNOTUKOPE3UCTEHTHOCTb
N MHHOBALIMOHHble BUOKOMMO3UTDI

MNpobnema yctoumBocTM GONE3HETBOPHbIX
MUKPOOPIraHN3MOB ABMAETCA OAHOWN U3 KOYEBbIX
B MUPOBOM 37 paBooxpaHeHun. CyLlecTBytoLLme aH-
TMOMOTMKN OKa3blBatoTCA HeaIDEKTUBHBIMU B OT-
HOLLEHUN HOBbIX GaKTepranbHbIX LWITaMMOB, NOAB-
NleHVe HOBbIX MPenapaToB MNPOUCXOANT CINLLIKOM
MeZLEHHO 1 YeJIOBEYECTBO BMJIOTHYIO MOAOLUO K
nopory, 3a KOTOpbIM — BO3BPAT B «40aHTUOMOTH-
KOBYI0 3pY», NpeBpaLLeHMe Ka3aBLUMXCA NobexaeH-
HbIMU UHPEKLMNI B CMEPTESIbHO OMacHbIe.

KonnektnB yuyeHbix n3 Poccum, PymbiHum, Cep-
6un, Monblumn 1 Yexnn nccnepyet aHTUMUKPOOHbIE
CBOWICTBA HOBbIX OUOCOBMECTUMbIX HAHOKOMIMJIEK-

COB, COCTOALLMX M3 INMOCOM COEBOFO NELIUTUHA, X~
To3aHa 1 HaHouvacTuy (HY) cepebpa/xnopunga ce-
pebpa. BaxkHO OTMeTUTb, YTO ANA yMeHblueHuA
TOKCMYHOCTM HaHOYacTu1L, B paboTe Obi NprMeHeH
«3efleHbly CUHTe3 — nonyyeHue HY 13 skcTpakToB
pacTteHuin. Mopdonorunyeckue (AFM, SEM) n cTpyk-
TypHble (SAXS, SANS) meToabl aHanm3a noaTeep-
AWM HAaHOPa3MepPHbIN MaclTab KOMMOHEHTOB
noJsiy4yeHHbIX 6Grokomnosutos. MNpucytcTeue rnbd-
puaHbix Ag/AgCl HY, cMHTE3MPOBaHHbBIX U3 KOPHe-
BULLA KYPKYMbl WM NINCTbEB BUHOrpaja N MATbI,
6bino onpegeneHo metogamu XRD n EDS. C nomo-
Wblo onTnyeckon cnektTpockonum (UV-Vis absorp-
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firmed by optical spectroscopy (UV-Vis absorption
and FTIR) and zeta potential measurements. All of
the above studies were aimed at developing highly
effective biocompatible complexes with a wide po-
tential for application in various fields of medicine.

The developed innovative drugs have demon-
strated high antimicrobial activity against Entero-
coccus faecalis bacterium — one of the most pro-
blematic pathogens in terms of selection of antibi-
otics, as well as against Staphylococcus aureus and
Escherichia coli.

The results of the study show that the biosyn-
thesis of nanoparticles is of decisive importance for

the properties of the studied biocomposites, in par-
ticular, their antimicrobial activity, which is also a
consequence of the synergistic effect of the bio-
composite components, each showing similar ac-
tivity.

It is interesting to note that the synthesized
and investigated materials also exhibit pronounced
activity against cancer cells, which is confirmed in
this study in in vitro experiments with HT-29 and
HepG2 cells. At the same time, the highest effi-
ciency (and the absence of hemolytic activity) was
demonstrated only by composites containing bio-
similar lipid bilayers.

Fig. 2. Structural and morphological characteristics of biohybrids (from left to right: SANS, SAXS and AFM)
and their antibacterial effect against Enterococcus faecalis.
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Puc. 2. CTpyKTypHO-Mopdonornyeckre xapaktepuctuky 6rornbpugos (cnesa Hanpaso: SANS, SAXS n AFM)
1 nx aHTMbakTepmranbHbil 3ddeKkT Ha Enterococcus faecalis.

tion n FTIR) 1 namepeHua g3eTta-noteHumana 6oinm
NoATBePKAeHbI 06pa3oBaHMe CTabuNbHbIX 61Orn6-
pPUAHBIX HAaHOKOMMJIEKCOB. Bce nepeuncneHHble
Bbllle UCCnefoBaHUA Obl HauesleHbl Ha pa3pa-
60TKY BbICOKOIDDEKTUBHBIX OMOCOBMECTUMbIX
KOMIMJIEKCOB, UMEILLMX LMPOKUIA NoTeHUMaN Npu-
MEeHeHUA B Pa3iMyHbIX 06/1acTAX MeANLHbI.

PaspaboTaHHble MHHOBALMOHHbIE MpenapaThbl
NPOAEMOHCTPMPOBAsIN BbICOKYIO aHTUMUKPOOHY!1O
aKTUBHOCTb B OTHolLeHun Enterococcus faecalis
bacterium — ogHoro 13 Hanbonee NPO6EMHbIX B
nnaHe nogbopa aHTMOMOTNKOB MAaTOreHa, — a Tak-
e B oTHoweHwun Staphylococcus aureus and Es-
cherichia coli.

PesynbTaThl nccnieqoBaHMs MNOKa3biBaIOT, UTO
OGUOCKHTE3 HAHOUYACTUL, UMEET onpeaensioLee 3Ha-

yeHue AnA CBOWCTB N3yYaeMblXx GUOKOMMO3UTOB, B
YaCTHOCTU NX aHTUMUKPOOHOI aKTMBHOCTM, KOTO-
pan TakXe ABNSAETCA CNIeACTBMEM CUHEPreTUYeCKo-
ro a¢pdpeKkta KOMNOHEHTOB GMIOKOMMO3UTA, KaXKAabll
13 KOTOPbIX NPOABAAET NOAOOHYI0 aKTUBHOCTD.

NHTepecHO, UTo NonyYeHHble 1 NCCNeoBaH-
Hble MaTepuranbl TakXKe NMEIOT 3HAUNTENbHYIO aK-
TUBHOCTb MPOTUB PaAKOBbIX KNETOK, KoTopasi Nof-
TBEPXKAEHa B AlaHHOW paboTe B in vitro akcnepu-
MeHTax ¢ kKnetkamm HT-29 n HepG2. MNpwn 3TOM Hau-
60see BbICOKYH0 3GPEKTMBHOCTD (M OTCYTCTBUE FEMO-
NINTUYECKON aKTUBHOCTU) MPOLEMOHCTPUPOBaNn
NLLb KOMMO3UTbI, UMetoLLe B COCTaBe 61onono6-
Hble NnMnuaHble Gucon.
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