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buoruOpuaHbIe HAHOKOMILIEKCHI HA OCHOBE
(puroreHepupoBaHHbIX HaHOUacTUL Ag/AgCl,
OMOMOA00HBIX MEMOPAH M XMTO3aHA U HUX
MOTEHIMAJIbHOE IPUMEHEHUEe B OMOMeIUITUHE

Co3panue mpenaparoB HOBOTO TTOKOJICHHS IS apec-
HOH JI0CTaBKH JIEKAPCTB, 1EUCTBHE KOTOPHIX HALIEIEHO Ha
60pp0y € YyCTOWYMBBIMH MHUKPOOPTaHW3MaMHU WA KOTO-
pBIe UMEIOT BBICOKHI MOTEHIHAT B O0pb0e ¢ PaKoBBIMH
OITyXOJISIMH, — OZHO M3 YCIICIIHO Pa3BHBAIOIIMXCS Ha-
npasneruit B JIHO® OUSN. B nmocnenHnee BpeMs CHHTE3
TaKMX JICKAPCTBEHHBIX TPETapaToB BCE Hallle OCHOBHIBA-
eTcs Ha pa3paboTKe OMOCOBMECTUMBIX THOPH/THBIX HAHO-
KOMIUICKCOB, B COCTaB KOTOPBIX BXOJST TOJBKO MPUPOII-
HBIE KOMITOHEHTBHI.

Jlannast paGoTa mocBsiieHa pa3padoTaHHBIM HOBBIM
O61OrHOPUIHBIM HaHOKOMILIEKCAM, COCTOSIIAM M3 JIUIIO-
COM COEBOTO JICINTHHA, XUTo3aHa 1 HaHnodactun (HY) ce-
pebpa/xiopuna cepedpa. [yt yMEHbIIEHNS! TOKCUYHOCTH
HaHOYACTHII ObUT IPUMEHEH «3eJeHblin» cuare3 HY — no-

JTy4eHHE X U3 SKCTPAKTOB PACTEHUI (KOPHEBHIIA KypKY-
MBI WIH JTUCTHEB BUHOTPAJIa U Kpanuskbl) (puc. 1).
Mopdomnorndeckre (aTOMHO-CHIIOBAsT MHKPOCKOTIHS,
CKaHUPYIOUIAsl IEKTPOHHAS MUKPOCKONHUS) M CTPYKTYp-
HbIe (MaJIOyIJIOBOE HEMTPOHHOE M PEHTTEHOBCKOE pacce-
ssHAe (pHc. 2)) METOABl aHANIW3a TOATBEPAMIN HaHOPA3-
MEpHBII MacmTad KOMIIOHEHTOB MOIYyYCHHBIX OMOKOM-
mo3utoB. [Ipucyrcreue rubpuaaeix HY Ag/AgCl 6vu10
OIIPEAETIEHO METOJAMH PEHTT€HOBCKOM AN(pPaKIUH |
9HEProUCIIEPCHOHHON PEHTICHOBCKOW CHEKTPOCKOIIHH.
C nomomsto ontnueckoit 1 MK-dypre-criekrpockonum,
M3MepeHnil A3eTa-moTeHnrana ObUIo ITOATBEPKIEHO 00-
pasoBaHne CTaOWJIBHBIX OHMOTMOPHIHBIX HAaHOKOMILIEK-
coB. B pesynbrare KoMIuIeMEHTapHBIX UCCIIEA0BAHUM ObI-
JIa IpeyIokeHa MOJIeIb (POPMHUPOBAHNS OMOKOMIUIEKCOB U
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Biohybrid Nanocomplexes Based on
Phytogenic Ag/AgCl Nanoparticles,
Biosimilar Membranes and Chitosan, and
Their Potential Application in Biomedicine

The development of a new generation of drugs for
targeted drug delivery, which are aimed at combating re-
sistant microorganisms or have a high potential in the fight
against malignant tumors, is one of the successfully devel-
oping research areas at JINR’s FLNP. In recent years, the
synthesis of these drugs has been increasingly based on
the development of biocompatible hybrid nanocomplexes,
which comprise only natural components.

In this study, new biohybrid nanocomplexes consist-
ing of soy lecithin liposomes, chitosan and silver/silver
chloride nanoparticles (NPs) were developed. To reduce
the toxicity of nanoparticles, “green” synthesis of NPs was
used — production of NPs from plant extracts (turmeric
rhizomes or grape and nettle leaves) (Fig. 1.).

Morphological (atomic force microscopy, scanning
electron microscopy) and structural (small-angle neutron
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and X-ray scattering (Fig. 2.)) methods of analysis con-
firmed the nanoscale size of components of the produced
biocomposites. The presence of hybrid Ag/AgCl nanopar-
ticles was determined by X-ray diffraction and energy-dis-
persive X-ray spectroscopy. The formation of stable bio-
hybrid nanocomplexes was confirmed using optical and
FTIR spectroscopy, zeta potential measurements. As a
result of complementary studies, a model for the forma-
tion of biocomplexes was proposed and the most stable
systems were determined, which made it possible to sig-
nificantly reduce the time of in vitro tests to identify the
potential of the developed materials for application in var-
ious fields of medicine.

In recent years, the world community has been in-
creasingly focused on the need to develop a new gen-
eration of antibiotics, since the antibiotic resistance of
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olperieNIeHbl HanOoliee YCTOHYMBbIE CHCTEMBI, YTO TT03BO-
JIMJIO CYNIECTBEHHO COKPATUTh BpeMsl IPOBEACHHS iN Vitro
TECTOB JUIsl BBISBJICHHS MOTCHIHANA pa3padOTaHHBIX Ma-
TEPUAJIOB B PA3JIMYHBIX 00JIACTSIX MEAUIHHBIL.

Tak, B mociienHee BpeMsi MHPOBOE COOOIIECTBO
Bce dame OOCYy)XZaeT HEOOXOOMMOCTh CO3IaHUS HO-
BOTO ITOKOJICHUsI AaHTUOMOTHKOB, ITOCKOJBKY IpoliemMa
PE3HCTEHTHOCTH OOJE3HETBOPHBIX ~MHKPOOPTaHU3MOB
SIBJISICTCSI OJIHOW M3 KJIIOYEBBIX B MHPOBOM 3/1paBOOXpa-
Hernu. CymiecTByIOIINEe aHTHOMOTUKN OKa3bIBAIOTCS He-
3¢ (GEKTHBHBIMA B OTHOIICHHH HOBBIX OaKTepHaTbHBIX
HITAMMOB, ITPOIIECC MOSBICHUSI HOBBIX IpENaparoB IMpo-
HCXOAUT CIUIIKOM MEIUICHHO, M YeJIOBEYECTBO BILIOTHYIO
MOJIONIUIO K TIOPOTY, 32 KOTOPBIM HEHW30€XHbI BO3BpAT B
«JTOAaHTHOMOTHKOBYIO 3pYy» W IIpEBpallcHHe
WHQPEKINH, Ka3aBIIMXCS MOOCKICHHBIMA, B
CMEepTeJIbHO omnacHble. PaspaboraHHble Ha-
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3a0oneBanmsiMu. Tak, mo craructuke Mun3npaBa PO,
B 20191. B Poccun BeisiBieH 640391 cmywail 3mokadve-
CTBEHHBIX HOBOOOPA30BAaHUI{, YTO SIBISIETCS PEKOPIHBIM
nokasateneM M Ha 2,5% mpesslmaer pesyasrar 2018 T
OO0muwmii ypoBeHb 3a005ieBaeMOCTH cocTaBm 436,3 cirydast
Ha 100 TbIC. Hacenenus. CmepTHOCTH OT paka B 2019 r. B
Poccun cocraBuiia 294 ThiC. YeNOBEK U 3aHMMAET BTOPOE
MECTO TIOCIIe JICTAJbHBIX CIy4aeB BCIEACTBHE OOJe3HEei
cepana u cocynoB. Co3maHHbIe OMOTHOPUIHBIE HAHOKOM-
TUIEKCHI TIOKA3aJId BBICOKYIO aHTHIIPOIM(EPATUBHYIO aK-
TUBHOCTH (IIPH OTCYTCTBUH T'€MOJIUTHYECKON aKTUBHOCTH)
Jui pakoBbIx kietok HT-29 u HepG2, uro no3BonseT pac-
CMaTpuBaTh WX B KaYeCTBE MOTCHIIUAIBHBIX abIOBAHTOB
MIPY JICYCHHUH paKa ICUCHH U MPSIMOH KUTIKH (puc. 4).

Puc. 1. Mexanusm ¢opmMupoBanusi OHOTHOPUIHBIX COCANHEHHUI

HOTHOPU/IBI TIPOJIEMOHCTPUPOBAIIH BBICOKYIO
AHTUMHUKPOOHYIO aKTHBHOCTh B OTHOILICHUH
pasnmuHbIX Oakrepuii, kak Gram (+) bacteria
(Enterococcus faecalis wu Staphylococcus
aureus), tak u Gram (-) bacteria (Escherichia
coli) (puc. 3).

He menee octpo crout Borpoc pa3pador-
KA TI€PCOHATM3UPOBAHHBIX JICKAPCTBEHHBIX
cpeactB aiusi OOprOBI C OHKOJOTHYECCKIMU

T°C

pathogenic microorganisms 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

Fig. 1. Mechanism of formation of biohybrids

Puc. 2. Pe3ynbrarhl nccneqoBaHus CTPYKTYPBI
OGUOTHOPHIHBIX COEIUHEHHH B SKCIIEPUMEHTAX M0 MAJIOYTIIOBOMY
paccesHIIO HEMTPOHOB (CJIeBa) M PEHTIEHOBCKUX JIyuei (crpasa)

come close to the threshold beyond which is a
return to the “pre-antibiotic era”, the transfor-
mation of seemingly defeated infections into
deadly threats. The developed nanohybrids
have demonstrated high antimicrobial activ-
ity against various bacteria, including Gram-
positive bacteria (Enterococcus faecalis and
Staphylococcus aureus) and Gram-negative
bacteria (Escherichia coli) (Fig. 3.).

No less acute is the problem of develop-
ing personalized drugs to combat oncological
diseases. According to the statistics of the
Ministry of Health of the Russian Federation,
640,391 cases of malignant neoplasms were
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cord figure. This is 2.5% higher than the re-

sult of 2018. The overall incidence rate was Fig. 2. Results of the study of the structure of biohybrid components from the

436.3 cases per 100,000 population. Mortality
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SANS and SAXS experiments
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Fig. 4. The antiproliferative activity of biohybrid Ag/AgCl NPs-
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from malignant diseases in 2019 in Russia amounted to
294,000 and ranks second after deaths caused by heart and
vascular diseases. The synthesized biohybrid nanocom-
plexes exhibited high antiproliferative activity (and the
absence of hemolytic activity) against HT-29 and HepG2
cancer cells, which allows us to consider them as potential
adjuvants in the treatment of liver and rectal cancer (Fig. 4).

The solution of these tasks — the development of
highly efficient biocompatible nanocomplexes for use in
biomedicine — was accomplished through the interna-
tional collaboration of chemists, biologists, physicists and
physicians from five countries: Russia, Romania, Serbia,
Poland and the Czech Republic with the financial support
of JINR-Romania grants and programmes.
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Pemienne mocraBieHHOM 3a1aun — pa3pabOTKH BbI-
cok03(P(HEeKTUBHBIX OMOCOBMECTHMBIX HAHOKOMIUICKCOB
JUIsl IPUMEHEHHs B OMOMEIUIMHE — OBUIO JOCTUTHYTO
Onaromapsi MEXIyHapoIHOH Kojutabopanuy XHMHKOB,
O1osnoros, (pU3MKOB M MEAMKOB M3 MSATH cTpaH: Poccuw,
Pympramm, Cepbun, Ilomemm n Yexnn npu GruHAHCOBOH
nojzep:kke rpantos u nporpamm OUAN—-Pymbrnus.
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