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Abstract. Nanotechnology, as an interdisciplinary and cross-sectoral technology, is now used worldwide in
almost all fields of science and technology and in all branches of modern industry. The value of products derived
from nanotechnology amounts to trillions of dollars. Nanotechnology is also being used effectively in all fields
of medicine. New fields have appeared and consolidated: nanomedicine, nanotherapy, nanodiagnostics.
Nanoparticles of various natures have a special place in medicine. This paper is devoted to practical use of silver
nanoparticles in wound healing of purulent wounds. The effectiveness of the developed application containing

silver nanoparticles and enzymes is presented.
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BBEAEHUE
HaHotexHonorus (HT) OpPraHHYHO BXOJUT B HAYUYHO-
TexXHOJIOTM4YecKHUH KkuacTep HEUKC (HaHO-, 6UO-,
KOTHH-, COIJUOTeXHOJIOTHUH) KaK OJHA U3 ollpeJe-
JSIOMKUX Pa3BUTHe LIUBHIKM3ALKUU B 21 Beke [1, 2].
MenunuHa, HayKa O SKM3HU SBJISIIOTCS [IPUOPUTET-
HBIMH HaIlpaBJIeHHUSIMU I1PAKTHYECKOI0 IIPHJIOKeHH S
HBHKC. HaHOTeXHOJIOTHSI UTPaeT BeJIM4YaUIIlyIo POlb
B Pa3BUTHUH COBpeMeHHOM MeJIULIUHbI, GOPMUPYS BCe
HOBBIe HaIlpaB/IeHUSI U TePMUHBI: HAHOMEeJUIIHMHA,
HaHOTepaIus, HAaHOLHUAarHOCTHKA U Ap. HT mpoHuKIIa
IIPaKTHYeCKH BO BCe 006/1aCTH MeIUIMHBI, HCIIONb-
3yeTCs Ha BCeX HepapXHUYeCKUX YPOBHSIX SKMUBOI'O Opra-
HH3Ma - MOJIEKYJISIPHOM, KJIeTOYHOM, TKaHEBOM,
OpPraHHOM U, HaKOHell, OpraHK3Ma B I1eJIoM [3].
HaHo4acTHIIBl pa3HON IIPUPOALI M BUIOB IIHPOKO
HCIIOJIB3YIOTCSI BO BCeX 00/1acTsAX MegUIIMHBL. OJHUM
M3 CaMBIX IIPOTPECCUBHBIX HAIlpaBJIeHUU COBpe-
MEeHHOMU MeJHLIHHBI IBISeTCs aJpecHas JOCTaBKa
JIeKapCTB K IIaTOT@HHBIM KJeTKaM M OpraHam

Tabauya 1. YposHu Ucnonb3o8aHus HT 6 meduuuHe
Table1. Levels of NT usage in medicine

Monekyna

Molecular

INTRODUCTION

Nanotechnology (NT) is organically included in sci-
ence and technology cluster NBICS (nano-, bio-, cog-
nitive-, socio-technology) as one of the determinants
of civilization development in the 21st century [1, 2].
Medicine, as life science, is a priority area of NBICS
practical application. Nanotechnology plays a great
role in development of modern medicine, forming all
new directions and terms: nanomedicine, nanother-
apy, nanodiagnostics, etc. NT has penetrated into
almost all fields of medicine and is used at all hierar-
chical levels of a living organism - molecular, cellular,
intercellular, tissue (organs) and, finally, a body as a
whole [3].

Nanoparticles of various nature and species are
widely used in all fields of medicine. One of the most
advanced areas of modern medicine is the targeted
delivery of drugs to pathogenic cells and organs using
nanocarriers. Nanocarriers load drugs and deliver
them to the damaged organs, tissues and cells without

OpraHusm
Human body

* JlokanbHasa gocTaBka
NeKkapcTs
Local drug delivery

* [eHHad Tepanus
Gene therapy

* bBbiCTpas anarHoctmka
Rapid diagnosis

Yy4lleHue KNeToYHOro
mMaTepuana
Improving cellular material

WH>XeHepusi TKaHemn
Tissue engineering

PocT knetok
Cell growth

Tepanus CTBOJIOBLIMMU
K1eTKaMu
Stem cell therapy

e HewnHBa3vBHasa U NHBA3MB-
Has AMarHocTmka
Non-invasive and invasive

M CKyCCTBEHHbIE OpraHbl
Artificial organs

JaTynkm buoTexHosiormye-

> diagnostics
CKUX MoKasaTenem
Biotech Performance * pubopel
Sensors Devices

JlokanbHas gocTaBKa
NleKapcTB
Local drug delivery

* AapecHas Tepanusi paka
Targeted cancer therapy

Henpoctumynaums
Neurostimulation

CepaeyHas CTuMynauns
Cardiac stimulation
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Tabauya 2. Obaacmu ucnonb3osaHus HYM
Table 2. MNPs applications

O6nacTu ncnonbn3zosaHmsa H4M B meguumHe

Areas of use of NPMs in medicine

MeanLMHCKME NHCTPYMEHTbI
Medical tools

2 BaHAaXu, paHeBble MOKPbITUS
Bandages, wound coverings

MeauunHckue KkaTeTepbl
Medical catheters

4 MIMNNaHTaTbl, CKPenaeHue KoCTen
Implants, bone fusion

KOHTaKTHbIE JINH3bI
Contact lenses

M CKYCCTBEHHbIE KPOBEHOCHbIE COCYAbI
Artificial blood vessels

7 AvarHocTnyeckme MeToibl U Npubopbl
Diagnostic methods and tools

AHTUBaKTEpUASIbHbIE, AHTUBMPYCHbIE M AHTUMUKPOH-
8 Hble mpenaparbl
Antibacterials, antivirals and antimicrobials

9 MpoTMBOpaKOoBble Mpenaparbl
Anti-cancer drugs

C IIOMOIIBI0 HAHOTPAHCIIOPTepOoB. HaHOTpaHCIIOpTephI
HArpyxKamwTcd JIeKapCTBaMH U [OCTaBASIOT HX
II0 afipecy K ITOBPeKAeHHBIM OpraHam, TKaHAIM, KJIeT-
KaM, He 3a[Iep>KHUBasICh B 3,0POBBIX TKAHAX. ITO I[103BO-
JISIeT, 10 BO3MOKHOCTH, HUCKJIIOUUTH [I0604YHOe (II0poKt
TOKCHYeCKoe) [ieHCTBHe JIeKapCTB I10 Iy TH JBUKeHUS
HaHOTPAHCIIOPTEPOB Yepe3 BeCh OpraHU3M.

BaskHoe mecTto B HT 3aHMMAKT HAaHOYACTHUILLbI
671aropomgHBIX U TSIKenblX MeTasnnoB (HIM), obna-
Jaoliye yHUKAJIbHBIMU CBOMCTBAMHU, I103BOJISIO-
MUMHU UX 3QPeKTUBHO UCII0/Ib30BaTh KaK B pa3inuy-
HBIX 06/71aCTSIX HAayKU U TeXHUKHU (ONTHKA, KaTalus,
3allMTa OKPY>KaloIller Cpefbl, arPOTeXHHKa, COBpe-
MeHHas YIIaKOBKa), TakK K BO MHOT'HX 06/1acTsIX Meu-
LIUHBL. B Tab1.2 mokasaHo, Kakue 3aboieBaHU I MOSKHO
JIEYUTH C IIoMolso HIM [3].

HYM MK POKO MCIIONB3YIOTCA KaK B HAHOTePAIHuHU
MHOTHUX 3200/IeBaHUI, TaK U B COBPeMeHHON HaHO-
nuarHoctuke. HaHotepamnus ¢ momouso HIYM ocHo-
BaHa Ha UX YHUKAJIBHON OMOJOrUYeCKON aKTUBHO-
CTH Ha KJIETOYHOM M MOJIEKY/IsIpHOM ypoBHAX. HUIM
SIBJISIIOTCS YHHUBEPCAIbHBIMHU O6HOIUAAMHE, KOTOPbIe
"6BI0T" BCe [MaTOreHHble MUKPOOPraHK3MBbI U BUPYCHI,

oM e 33—
HAHO MHAVCTPUA Tom 16 Ne3-4 2023

lingering in healthy tissues. This eliminates, where
possible, the side (sometimes toxic) effects of the drugs
along the nanotransporters route through the human
body.

An important place in NT is occupied by noble and
heavy metal nanoparticles (MNP), which have unique
properties that allow their effective use both in vari-
ous fields of science and technology (optics, catalysis,
environmental protection, agricultural engineering,
modern packaging) and in many areas of medicine.
Table 2 shows which diseases can be treated using
MNPs [3].

MNPs are widely used both in nanotherapy of
many diseases and in modern nanodiagnostics.
Nanotherapy with MNPs is based on their unique bio-
logical activity at the cellular and molecular level.
MNPs are universal biocides that "beat" all patho-
genic microorganisms and viruses, as well as their
colonies. Upon contact with the cell wall of the micro-
organism, MNPs interact with one of the components
of the wall, glycoprotein, destroying a wall and pen-
etrating inside a cell, where they then interact with
most of the major components of the cell (DNA, RNA,
enzymes, etc.) This results in a destructive oxidative
stress (ROS) in the cell. All these transformations
stop cell growth because the heredity apparatus is
destroyed (see Fig.1).

This destructive effect of MNPs occurs in relation
to all types of cells. If they come into contact with
pathogenic microorganisms (bacteria, fungi), with
viruses, their growth stops and, moreover, they die
at certain concentrations of MNPs. There is a similar
mechanism of interaction of MNPs with oncocytes,
towards which MNPs act as cytostatics, suppressing
growth of oncocytes [3]. Unfortunately, in a number
of cases, MNPs in contact with healthy cells also sup-
press the growth and even kill them, i.e. act as toxic
substances. This situation must be taken into account
when using MNPs in various types of therapy, avoid-
ing toxicity if possible by selecting optimal concen-
trations of MNPs.

The MNPs properties, including bioactivity, depend
significantly on their morphology (particle size,
shape) [2]. Therefore, it is useful to always specify these
parameters when describing an experiment.

This paper will focus on the use of MNPs for healing
chronic wounds, a disease that is very common and
problematic throughout the world, bringing great suf-
fering to people and enormous costs to solve this eco-
nomic and social problem (loss of quality of life, dis-
ability, costly treatment).

The problem is now exacerbated by the number of
military conflicts, technological disasters. There are
now 1.5-2 million people in Europe suffering from
chronic wounds, with £5 billion spent annually in
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JiuraHp-HesaBucumMmoe
BbICBO60XeHMe MOHOB cepebpa
Ligand-independent silver ion release

MHA@AgNPs O —_—

JIuraHa-HesaBMcMMasn aHTMbakTepuanbHas akTMBHOCTb
Ligand-independent antibacterial activity
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Puc.1. PoAb okucaumenbHo20 cmpecca ROS 8 MexaHu3me paspylieHus KAemku KamuoHaMu U HaHodacmuuamu cepebpa [1]
Fig.1. Role of ROS in cell destruction mechanism of silver cations and silver nanoparticles [1]

a TaKXe M UX KOJTOHHHU. IIpU KOHTAKTe CO CTEHKOM
KJIeTKH MHKpoopraHu3Ma HUYM B3aHMMOIelCTBYIOT
C ONHMM M3 KOMIIOHEHTOB CTeHKH -T/IMKOIIPOTEUHOM,
pa3pylIaoT CTeHKY U IIPOHUKAIOT BHYTPb, Il 3aTeM
B3aHMMO/IEHCTBYIOT C OOTBIIMHCTBOM Ba>KHEHIIMX
cocTaBasomux kiaetku (JHK, PHK, dbepMeHTEH U ,up.).
B pesynbTaTe B KJIeTKe BO3HHKAeT Pa3pyIIHUTeIbHBIN
OKHCIHTeNbHBIN cTpecc (ROS). Bee 3Tu IIpeBpalleHUs
OCTaHABJIMBAIOT POCT KJIETOK, ITOCKOJIBKY Pa3pylIaeTcs
armnapar HaclaeJCTBeHHOCTH (CM. puc.l).

Takoe fecTpyKTHBHOe fercTere HIM HMeeT MecTo
10 OTHOILIEHHMIO KO BCeM BHIAM KJIeTOK. EC/IM OHH KOH-
TaKTHUPYIOT C MAaTOT@eHHBIMU MUKPOOPraHM3MaMH
(bakTepuu, rpubsI), C BUPYCAMH, TO HX POCT IIpeKpa-
maetcs, 1, 6oyee TOro, OHU IIPHU OIIpeieIeHHbIX KOH-
HeHTpanusax HIM orubarmT. BIU3KUNA MexXaHUu3M
B3auMoAeucTBUS HYM Cc OHKOKJIeTKaMU, 10 OTHO-
IIeHHIO0 K KOTOphIM HYM BBICTYIIAIOT KaK LUTOCTA~
TUKU, [IOAABIISIS POCT OHKOKJIETOK [3]. K cokaneHuIo,
HYM 1pu KOHTaKTe CO 3JOPOBBIMHU KJIeTKAMH B psle
C/Iy4aeB TaK ke IIOJABJSIOT POCT U Jaske UX YOHBAIOT,
TO €CTh BBICTYIIAIOT B POJIM TOKCHYHBIX BeIeCTB. JTY
CHUTYaLIUI0O HeOOXOMMMO YUUTHIBATH IIPH HCIIOIb30-
BaHUY HYUM B pas/IM4YHBIX BUJaX TepPallHlU, I10 BO3-
MOYKHOCTH K36eTast IPOSIB/IeHHU I TOKCHYHOCTH 3a CUeT
Bb16opa ONTUMAaJIBHBIX KOHLIeHTpanui HIM.

CsorictBa HUM, B TOM 4Yuc/Ie 6M0aKTUBHOCTD, cyIe-
CTBEHHO 3aBHUCST OT ux Mopdosoruu (pasmep, popma
vactu,) [2]. [TosToMy, [10/1e3HO BCer/a yKa3plBaTh 3TH
IIapaMeTPhI IIPHU OITMCAHU U SKCIIePUMEHTA.

B maHHOU CTaTbe COCPEJOTOYMMCS Ha HCIIOJb-
30BaHuu HUM [1g 3aKHUBAEHUS XPOHHUUYECKUX
paH, 3abomeBaHUSs, KOTOpOe SBISIeTCS BeCbMa

the UK and up to $25 billion in the US on treating the
disease.

DEVELOPMENT OF A NEW GENERATION OF WOUND
HEALING AGENTS USING MNPS

The treatment of chronic wounds is based on the
knowledge of the natural multistage healing process;
to be effective, the wound must first be cleared of pro-
tein breakdown products, which is done mechanically
or by enzymes, reducing viscosity of discharge and
evacuating it from the wound, then the inflamma-
tory process, determined by pathogens, is tackled, fol-
lowed by the repair (regeneration) of damaged tissue.
In real life, it is not possible to completely separate one
stage from the other, although treatment process most
often uses wound lysis agents sequentially followed by
antimicrobials.

Silver nitrate was chosen as the antimicrobial
component due to its wide range of antimicrobial
activity, but conversion of the silver nitrate precur-
sor into nanoform was important to achieve effec-
tive treatment and reduce toxicity. Local targeted
delivery of silver cations and nanoparticles to the
lesion site was envisaged, for which a textile mate-
rial made of hydrophilic viscose fibres was applied
to the wound with a viscous hydrogel composi-
tion made of natural biopolymer-polysaccharide
sodium alginate and silver nitrate salt introduced
on one side of it. The choice of sodium alginate is
not accidental. In addition to its important prop-
erties for use in medicine - anti-allergenicity, hae-
mostatic properties, high content of trace elements
contributing to tissue regeneration - alginate in
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PacCIpoCTpaHEeHHBIM U IIPo6IeMHBIM BO BCEM MUPe,
INPUHOCUT 60/MbIIHe CTPafaHHUs NIOASIM H OTPOM-
HBIe 3aTpaThl Ha pellleHHe 3TOHM 3KOHOMHYeCKOH
Y COLIMa/IbHOM MpobieMsl (II0Tepsi KauecTBa KU3HHU,
HeTPYIO0CIIOCOOHOCTB, JOPOrOCTOsIIIIee JIeUeHHUe).

[IpobeMa B HacTosiIee BpeMs yCyTybrseTcs Ymc-
JIOM BOEHHBIX KOHQIHMKTOB, TeXHOJIOTMYeCKHUX KaTa-
ctpod. B EBporie cerogHsa HaCUYMThIBAaeTC 1,5-2 MIH
YeJIOBeK, CTPaJaloIlMX OT XPOHHYECKHX paH,
Ha JleyeHHe 3Toro 3aboneBaHus B BeTUKO6pHUTaHUH
@XXeroJHoO TPaTAT 5 MAPJA QYHTOB CTePIMHIOB,
B CIIA - o 25 MJIpA, JOJLI.

CO3AAHUE PAHO3AXUBAAIOWNX CPEACTB HOBOIO
MOKOJIEHUA C UCNOJIb3OBAHMEM HYM
JledeHHe XPOHUYECKUX paH b6asupyeTcs: Ha 3HAHUHU
[IPUPOAHOr0 MHOTOCTALHUIHOTO IIPOLiecca UX 3a5KHUB-
NneHHUs; 4ToOBl HO6UThCA 3dderTa, paHy ClaedyeT
B Havajle 0CBOBOAUTE OT IIPOAYKTOB HEIKOBOr0O pac-
maja, 4To fejaeTcs MeXaHUYeCKH MU C IIOMOIIbI0
depMeHTOB, CHMIKAsl BI3KOCTh OTAEISIeMOIO U 3Ba-
KyHpYs ero U3 paHBbl, a 3aTeM CIIPABUTHCS C BOCIIA-
JIUTeTBHBIM IIPOLIECCOM, OIIpefe/sieMbIM IIaTOreH-
HBIMHM MHKPOOPraHU3MaMH, [I0CJIe Yero CIefyeT I1po-
L[ecC BOCCTAHOBJIEH U (pereHepalyu) IOBPeXKIeHHBIX
TKaHeH. B peasIbHBIX yCJIOBUSIX IIOJIHOCTBIO OTHEIHUTh
OJIHY CTafHIO OT PYTOM He IIPe/ICTABIISIETCS BO3MOXK-
HBIM, XOTSI B IIpOLlecce JIeYeHHU s Hallle BCero UCII0Ib
3YIOT I10C/Ie[JOBAaTe/IbHO CPeJICTBA [JIs IM3KCa PAHEBOTO
OT/Ie/ISIeMOr0 U 3aTeM — aHTUMHUKPOOHBIE ITperrapaTsl.
B KauecTBe aHTHUMHUKPOOHOr0 KOMIIOHEHTA HAMHU
651710 BEIOpAHO a30THOKHCJIOE cepebpo, UTo CBSI3aHO
C LIMPOKHUM CIIEKTPOM ero aHTUMHUKPOOHOTO ek~
CTBUSI, OLHAKO BaKHBIM AJISI JOCTHKeHUS 3P dex-
THUBHOTO JIeUeHHUS] U CHHUKeHUS TOKCUYHOCTH ObLI
IepeBoJ, IIpeKypcopa HUupaTa cepebpa B HaHOHOpMY.
I[Ipenronarajiach MeCTHasl HallpaBaeHHasl ZOCTaBKa
KaTUOHOB M HAaHOYAaCTHIL cepebpa K odary mopa-
SKeHUsI, /IS 4ero UCII0Ab30Bal HaK/IaZblBaeMbIH
Ha paHy TeKCTHUJIbHBIA MaTepHasl U3 TUAPOPUIB-
HOT'0 BUCKO3HOI'0 BOJIOKHA, Ha OJHY CTOPOHY KOTO-
POro HaHOCHJIACh BSI3Kasl TUAPOresieBast KOMIIO3H LM
M3 IPUPOAHOr0 GHOMONIKMepa-TIOTUCAXaPHUAA ATlb-
TMHATa HaTpHs U BBeJIEHHOH B Hee COJIM a30THOKHUC-
noro cepebpa. Bribop aprrHaTa HaTPHS He CIydaeH.
Hapsay ¢ BasKHBIMU [JISI UCIIOJIb30BAHUS B MeJH-
I[MHe CBOMCTBAMH ~ AHTHAJIJIEPTeHHOCTHIO, FeMO-
CTAaTUYHOCTBIO, BONBIINM COLEpKaHHEM MHKPO-
37IeMeHTOB, CIIOCOOCTBYIOIIMX PereHepaluK TKa-
Hel - aJIbTUHAT B JAHHOM CJIy4ae UTPaeT PoiIb BOC-
CTAaHOBHTeJISI KATHOHOB cepebpa 10 HAHOYACTHII,
TO eCTh CTAHOBUTCS CBOe0bpa3HBIM OLOpPeakTopoM,
a TaK>Ke BBHITIOJIHSET POIb KOJUIOMAHOIO CTabMIH3a-
TOpa HAaHOAUCIIEPCHUH YaCTHUIL, MeTa/lIOB. [ ycue-
HUSI BOCCTAHOBJIEHHU ST HOHOB cepebpa 0 HAHOYaCTHI]
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Puc.2. JuHamuKka meyeHus paHes020 npouecca 'y nauueHmeu
C nponexxHem 8 obaacmu cpedHel yacmu 6edpa
Fig.2. Wound progression in a patient with sacral decubitus

this case plays the role of reducing silver cations
to nanoparticles, i.e. becomes a kind of bioreac-
tor, and also acts as a colloidal stabilizer of metal
particles nanodispersions. To enhance reduction
of silver ions to nanoparticles, alkali in the form
of sodium carbonate was introduced into the poly-
mer composition. In addition to indicated function,
as evidenced by the appearance of a brown tint to
composition, an alkaline environment at pH 7.0-
8.5 favours wound healing. To prove the nanoparti-
cles formation under these conditions, an alginate
composition (composition 0.05%, 0.1M AgNO;, 6%
sodium alginate) applied to the surface of a fresh
mica chip was examined by probe microscopy; the
study confirmed formation of silver nanoparticles,
crystallized as tetrahedrons up to 50 nm in height.
Transfer of silver cations into the nanoform was
approximately 80 %; however, due to the higher bac-
tericidal activity of the nanoform, the larger con-
tact surface with pathogenic microflora, the effect
is higher than that of metal cations and is achieved
at a lower concentration of silver nitrate; silver cat-
ions, also with bactericidal activity, are involved in
the antimicrobial action.

The desirable simultaneous effect of both stages
of the wound process - lysis of wound discharge
and antimicrobial effect - in treatment of long-
term non-healing wounds was mentioned earlier.
The natural proteolytic enzyme papain was used
to achieve lysis of purulent secretions, which has a
rather mild effect on the tissue and acts in a wide



NANOTECHNOLOGIES

B MOJIMMEPHYIO KOMIIO3UI K0 BBOAMJIACH ILEI0Yb
B BUZle KapboHarta HaTpHUs. KpoMme yKa3aHHOM QyHK-
LIMH, OATBePKAaeMON BOSHUKHOBeHHEM KOpHUUHe-
BOTO OTTeHKa KOMIIO3HMILIHUH, IleJI0YHAas Cpela IIpU
pH 7,0-8,5 61aronpusiTCTBYeT 3a’KKMBIEHHUIO PAHEL.
s moka3aTenbcTBAa 0Opa30BaHMS HAHOYACTHIL
B 3THX YCJIOBUSX IIPOBOAUJIIOCH UCCJIeJOBAHHE KOMIIO-
3ULIMU ajnbruHara (cocras 0,05%, 0,1M AgNO3Y 6% anb-
TUHAT HAaTpHsl), HAHECeHHO! Ha II0BEPXHOCTH CBe-
5KeTro CKoJla C/II0JBbI, C IIOMOIbIO 30HI0BOM MHUKPO-
CKOIIMH; HCCIeLOBaHHe IIOATBepAuIo obpa3oBa-
HIe HaHOYaCTHULL cepebpa, BEIKPUCTAIM30BAHHBIX
B BH/JIe TeTPas[poB BHICOTOM 10 50 HM. Ilepexon KaTH-
OHOB cepebpa B HAHOQOPMY COCTABJISII IIPHMePHO 80%
O HAKO BBUIY OoyblIer 6aKTepULIMIHOMN aKTHBHO-
CTH HAaHOPOPMBI, OOJIBIIEI I0BEPXHOCTH COIIPUKOC-
HOBEHHS C IaTOTeHHOM MHUKpodiopon 3¢ deKT Bo3-
JleHCTBHUS BBIIIe, YeM Y KaTHOHOB MeTaJjlja U JOCTH-
raetcs npu bosee HU3KOM KOHLIEHTPAIMK HUTpATa
cepebpa; KaTHOHBI cepebpa, Tak ke obnagarmnime
GaKTepUIIUIHOCTBIO, yHACTBYIOT B aHTUMHUKPOOHOM
BO3IEHCTBUMU.

PaHee TOBOPUJIOCH O JKeJIaTe/IbHOM OJHOBPeMeH-
HOM BO3JeHCTBUU NPHU JeUeHUU AJIUTEIbHO He3a-
SKUBAOIHUX paH Ha obe CTafUK PaHEBOTO IIPO-
Iecca - JIM3UC PaHEBOIO OTAEISIeMOT0 U aHTHUMHU-
KpOoOHBIN 3¢ deKT, NpoxosliHe OTHOBPeMeHHO.
Iasi [OCTUXKEeHU S IU3HCA THOUHOTO OTAEes1eMOTO
HaMU OBIJI MCII0JIB30BAH IIPUPOAHBIN IIPOTEOTH-
TUYeCKU QepMeHT MalauH, 061agaromun 10CTa-
TOYHO MSITKUM BO3JIeHMICTBHEM Ha TKAaHU U JleH-
CTBYIOIIMI B MIMPOKOM HHTepBaje pH u TeMIle-
patypsl. HeobxomumMo 6bII0 OLEHHUTH BO3MOKHOE
BIUSIHUE Ha COBMeCTHOe MCII0/1b30BaHHE MMallauHa
¥ MOHOB cepebpa Ha Iepexo[i IIOCIeJHEero B HaHO-
dbopMy U CHH>KeHHe aKTHUBHOCTHU pepMeHTa, TaK
KaK M3BeCTHO O HeKeJjlaTe/JlbHOM B3aHMOJENCTBUU
KaTHOHOB MeTaJJIOB U pepMeHTOB [4]. MeTozmoM 30H-
JIOBOM MHUKPOCKOIIMH ITOATBEpPKAeHO obpa3oBaHUe
B YKa3aHHON KOMIIO3UIIMM HAaHOYACTHI] cepebpa
(Ipy HaAMYUHK YaCTHUI] B HOHHOHN popMe), a oIIpe-
neneHUe aKTUBHOCTH MalaWHa - MEeTOOOM AHCOHA
II0Ka3ajio ee COXpPaHeHHe, IpUuYeM IpelJoXKeH-
HOe BBeJleHHe B KOMIIO3HUIHI0 BTOPOro II0JIKMepa,
a MMEHHO - THJPOKCHUIIPONH/IMeTHUJIL e III003bI,
II03BOJIMJIO 3AIIUTUTH QepMEeHT Jaske B ciydae 06s-
3aTebHOU A/ MeJHULIMHCKUX U3IeINM olepallu
raMMa-CTepHIHN3al U, COXPAHIS pPeoloruvdecKue
IapaMeTphbl KOMIIO3HULIKH.

TakuM 06pa3om, Bce KOMIIOHEHTHI CO3/1aBAEMOTO
MeIHIIMHCKOro usmenus (candperka "Komerexc ACIT,
[I0JIy4YeHO paspelneHue P3H [/ MIMPOKOTO IIPUMe-
HEHH ) OKa3bIBAIOT JeuebHOe BO3eHCTBUE: O HO-
BpeMeHHOe IIPUCYTCTBHUe pepMeHTa U buonuga
I103BOJISIIOT BO3/I€MCTBOBATh Ha pPa3/IMYHBIE 3BEHbS

pH and temperature range. It was necessary to eval-
uate the possible effect on the joint use of papain
and silver ions on the transition of the latter to the
nanoform and decrease of the enzyme activity, as
undesirable interaction between metal cations and
enzymes is known [4]. Formation of silver nanopar-
ticles in the above composition (in the presence of
particles in ionic form) was confirmed by probe
microscopy, and determination of papain activity
by the Anson method showed its preservation, and
proposed introduction of a second polymer, namely,
hydroxypropyl methylcellulose, into the composition
allowed the enzyme to be protected even in the case
of the mandatory for medical products gamma ster-
ilization operation, preserving rheological parame-
ters of composition.

Thus, all components of the medical product
created (Coletex ASP wipe, RZN approval for wide
use) have a therapeutic effect: simultaneous pres-
ence of an enzyme and a biocide can affect dif-
ferent parts of the wound process to clean the
wound and eliminate the purulent inflammatory
focus, sodium alginate biopolymer helps to cre-
ate a desired pH in the wound for healing, leads
to increased regeneration processes, the textile
material protects the wound from external influ-
ences, sorbs the wound.

Figure 2 shows the results of the chronic wound
treatment in the middle third of the thigh. Within
three weeks there is complete clearing of the wound,
reduction of its area, reparative tissue regeneration
and closure of the soft tissue defect (without surgi-
cal treatment).

CONCLUSIONS

+ A new generation of domestic therapeutic depot
material containing silver nanoparticles (univer-
sal biocide) and natural papain enzyme has been
developed;

+ the therapeutic depo-material obtained using this
technology allows effective treatment of chronic
wounds that are difficult to heal, which has been
confirmed in clinical conditions.
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HAHOTEXHO/OruMU

paHeBOTO Ipoliecca A/l OUUIeHUs] PaHbl U JIHK-
BUAALMY THOMHO-BOCIIAJIMTEIBHOIO o4ara, 6uoro-
JTHMep aJbIMHAT HATPUS CIIO0CO6CTBYeT CO3/IaHUIO
B paHe kejaTeJbHOIO JJISl 3a’KUB/IeHUs pH, npu-
BOAMT K yCUJIEHUIO IIPOLIeCCOB PereHepalluu, TeK-
CTUJIPHBIM MaTepHasl 3alluIllaeT paHy OT BHeII-
Hero BO3JeHCTBUS, cOpbUpyeT paHeBoe ofesieMoe,
3a cyeT rujporeneBor GopMbl KOMIIO3UILIUH CII0CO6-
CTBYeT aTPaBMaTHUYHOCTH I1ePeBsI30K.

Ha puc.2 mpeAcTaB/IeHbl pe3y/IbTaThl JIeYeHHU s XPO-
HHUYeCKOH paHHl B 06/1acTH cpefHeN TpeTHu benpa.
B TeueHUe Tpex MecsilleB Hab/ioaeTcs ONHOE 04U~
IleHHe PaHbl, COKpallleHHe ee IIJIOIA/IH, pellapaTHB-
Hasl pereHepalys TKaHeH U 3aKPbITHE MSTKOTKaHHOIO
nedekTa (6e3 IpruMeHeHHUS XUPYyPruyecKoro jedeHus).

BbIBO/1bl

e Pa3zpaboTaHa TeXHOJOTHS IIPOKM3BOACTBA OTede-
CTBEHHOIO Je4ebHOro Jero-MaTepyuana HOBOLO
[IOKOJIEHH S, COLlepKalllero HaHOUYAaCTHIIBI cepebpa
(yHHUBepCaJbHBINA OMOIUA) U IPUPOLHBIN dep-
MEHT IHalauH;

¢ TIOJyYeHHBIH 110 JAHHOM TeXHOJOTHU TedebHbIN
Iero-MaTepHas I103BoJsieT 3GGeKTUBHO JIeUUTh
TPYLHO 3a’KHUBJIsieMble XPOHUYeCKHEe PAHBI, UTO
[IOATBEP>KEeHO B KIMHUUECKHX YCIOBHUSIX.

NHOOPMALL1A O PELLEH3UPOBAHUK

Pepmakius 61aromapuT aHOHHMHOIO pelleH3eHTa
(pelLieH3eHTOB) 3a UX BK/aJ, B pelleH3UpPOBaHLe 3TOM
paboTel, a TaK>Ke 3a pa3MellleHHe CTaTek Ha cakTe Kyp-
Haja ¥ [mepefaydy Mx B 3JIeKTPOHHOM Bue B HIb eLl-
BRARY.RU.

Jexkaapauus o KoHpAuKme uHmepecos. Asmopbl 3as84atom 06
0MCymcmauu KOHQPAUKIMOB UHMEpecos UAL AUMHLIX OMHOUEHUL,
Komopble MozAu bbl nosAUAML Ha pabory, npedcmasAeHHyk 8 0aHHOLI
cmambe.
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