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This article analyses some literature data and the authors’ developments in the technology of creating of
therapeutic depots in the form of films, dispersions of metal oxides and textiles with immobilized biocompatible silver
nanoparticles (NPs) in the structure of SiO., TiO., cotton, biopolymers (alginate, chitosan, lignin, etc.), that have
biocidal action, and future trends in this area. We and other researchers have developed methods for the synthesis of
photocatalytically active TiO, and SiO: films, modified with gold/silver/copper NPs, suitable for medical use. An
economical and simple low-temperature methods of manufacturing antimicrobial textiles by photo- or thermal
activation and the possibility of their multiple use have been developed. The production of biomedical textiles is
recently focused on the widespread use of non-toxic biopolymers, combined with textile. We have obtained
compositions based on nanodispersed silica with polysaccharide sodium alginate and silver NPs with pronounced
hemostatic and bactericidal properties. Obtaining a hybrid material based on a bactericidal textile combined with a
dispersed oxide is promising for additional absorption of toxins and wound cleaning. The creation of such universal
multifunctional materials includes their high bactericidal and antiviral multiply use. Hybrid materials based on metal
NPs in the structure of carriers of different nature as films and dispersions of biocompatible oxides, biopolymers,
textiles have a protection against possible toxic effects of nanoparticles and metal ions, self-cleaning capability,
photocatalytic, hemostatic properties, temperature resistance, and other. The development and application of such
materials is growing rapidly. So, materials based on Ag/SiO; dispersions have high antibacterial and antiviral action
(single application). Ag/SiO: films can act as durable antibacterial cover.

There is an enhancement in the antibacterial properties of Ag-TiO> NPs under visible light irradiation and the
photocatalytic effect under UV light (single application in the powder form). Self-cleaning, antimicrobial and
UV-protective properties have Ag-TiO» NPs in textile. Cotton modified with MeNPs demonstrates high efficiency of
destruction of bacteria E. coli, K. pneumoniae, E. aerogenes, P. vulgaris, S. aureus, C. albicans, etc., with saving of
biocidal activity after 5 cycles of washing. The dynamics of silver ions release from the surface of NPs in the structure
of textile upon their contact with water for 72 hours have been studied. The number of irreversibly bound particles in
textile structure is sufficient for subsequent use. Modified fabrics are reusable. Composites based on metal NPs in the
structure of silica or titania in the presence of biopolymers are effective hemostatic agents with a bactericidal effect.
Sodium alginate has a reducing and stabilizing effect on nanoparticles, and silica prevents agglomeration of metal
NPs in the resulting composite.

However, it is quite difficult to satisfy the numerous target requirements for biomedical nanomaterials based on
metal NPs in the composition of dispersed oxides as well as textiles and/or biopolymers (“all in one”) to obtain a
single universal multifunctional material that does not lose its properties during operation. It makes more sense to
produce composites for purpose targeted applications, such as bactericidal and antiviral, hydrophobic coatings for
laboratory surfaces, package and so on. Researches in this area are in progress.

Keywords: metal nanoparticles (NPs), metal oxide nanoparticles (MeONPs), biopolymers, colloids, SiO; films,
TiO; nanoparticles, SiO; dispersions, textile, bactericidal activity, hemostatic properties

The creation of new Dbactericidal and dispersions of metal oxides and textiles with
medicinal materials with prolonged action is an immobilized biocompatible silver nanoparticles
urgent task of biochemistry, medicine and (NPs) in the structure of SiO,, TiO,, cotton,
pharmacology. The purpose of this work is to biopolymers (alginate, chitosan, lignin efc.), that
analyze literature data and the authors’ have biocidal action, and future trends in this area.
developments in the technology of creating We and other researchers have developed
therapeutic depots in the form of films and/or methods for the synthesis of photocatalytically
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active TiO, and SiO, films, modified with
gold/silver/copper NPs, suitable for medical use
[1-5]. An economical and simple low-
temperature ~ methods of  manufacturing
antimicrobial textiles by photo- or thermal
activation and the possibility of their multiple use
have been developed. The production and use of
biomedical textiles is recently focused on the
widespread use of non-toxic biopolymers,
combined with textile [6]. We have obtained
compositions based on nanodispersed silica with
polysaccharide sodium alginate and silver NPs
with pronounced hemostatic and bactericidal
properties [7]. Obtaining a hybrid material based
on a bactericidal textile combined with a
dispersed oxide is promising for additional
absorption of toxins and wound cleaning.
Prospects for the creation of such universal
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multifunctional materials include their high
repeated bactericidal effect, protection against
possible toxic effects of nanoparticles and metal
ions, self-cleaning ability, protection against

UV-radiation, photocatalytic, antistatic,
hemostatic properties, as well as acids, alkalis,
moisture and temperature resistance, and

corrosion of metal NPs (see scheme [8], Fig. 1).
The development of such materials is growing
rapidly.

Furthermore metal oxide NPs (MeONPs)
have been identified as novel phytomedicine and
have recently peaked a lot of interest due to their
potential applications in combating
phytopathogens, besides enhancing plant growth
and yields [9], Fig. 2.

Targets of antibacterial mechanisms by Ag
nanoparticles (NPs) are shown in the Fig. 3 [10].
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Fig. 2. Potential applications of metal-oxide NPs as bionanomaterials [9]
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Fig. 3. The stages of the destructive effect of NPs [10]

The destruction of microorganisms is also due
to the ROS produced by NPs [11] and release of
Ag" ions and the induction of antibacterial activity
[12].

AgNPs/Si0;. Metal nanoparticles embedded
in dielectric matrixes are promising composite
materials for medical application. SEM images of
Ag /Si0, composites are shown in Fig. 4.
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Fig. 4. a— SEM image of Ag 2 %/SiO; film, b — SEM image of dispersed Ag(0.0016 %)/SiO, [13]

Essential reduction value for bacteria E. coli (5
lg) and fungi C. albicans (4 1g) in colloids achieved
after 1 hour of exposure of microbial cells with Ag
NPs. Embedding of Ag NPs on SiO; surface slightly
decrease activity of Ag/SiO, suspension. The
exposure time increases and changes in interaction
character of Ag NPs with the microbial cells appear
[2]. At the same time Ag/SiO»-resistance of E. coli
rised. On the contrary, S.aureus was more sensitive
than in colloid. But generally antimicrobial activity
of Ag NPs/SiO; complex remained high. One of the
most promising types of such materials is based on
a Si0,-Ag composite immobilized in a polymeric
matrix, which has properties that are individually
not achievable for each of the components. Here, a
plasmonic SiO»-Ag composite immobilized in a
polymeric matrix (ethyl vinyl acetate) was
successfully prepared and the as-fabricated samples
exhibited high antibacterial activity towards E. coli
and S. aureus as well as towards SARS-CoV-2 [3].
The enhancement is mainly due to the SPR effect of
the Ag NPs anchored onto the SiO, [14]. The
compositions with pronounced hemostatic and
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bactericidal properties based on nanodispersed silica
with sodium alginate (10 % SiO) and Ag
nanoparticles (NPs) or silver ions (0.02-23 wt. %)
have been synthesized [7]. It is shown that the
presence of silica in the matrix of sodium alginate
promotes the formation of silver NPs of smaller size
and prevents their agglomeration. The bactericidal
action of hybrid composites against a number of
bacteria (E. coli, K. pneumonia, P. aeruginosa,
S. aureus, C. albicans) was determined, which
correlates with the number of released silver ions
from the surface of powders upon their contact with
water and is optimal at a silver content of 3%. In
experiments on rats with parenchymal bleeding high
hemostatic activity of obtained compositions has
been demonstrated [7].

Application: Ag/SiO, dispersion — antibacterial
and antiviral action, single application. Ag/SiO;
films — durable antibacterial cover.

Ag- and Ag/Cu TEXTILE. Synthesis,
physicochemical and bactericidal properties of
AgNPs/cotton and Ag/CuNPs/cotton fabrics are
detailed in a recent review [13]. SEM images of
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obtained samples are shown in Fig. 5. Cotton
samples modified with Ag NPs and Cu NPs have
strong antibacterial activity against
Staphylococcus aureus and
Klebsiella pneumonia and good antiviral activity
in relation to vaccinia virus (VACV), herpes
simplex virus type 1 (HSV-1) and influenza [15].
When bacteria or viruses are on the copper
surface, Cu ions damage the cell membrane or
viral envelope. The destroying of microbes is
accelerated by the forming of free radicals due to
it having a free electron in its outer orbital shell of
electrons that easily takes part in oxidation-
reduction reactions [16—18]. Antiviral cotton
fabrics impregnated in chitosan, citric acid, and
copper are effective against HSV-1 and bovine
beta-coronavirus [19]. The difference in
antimicrobial ability between Ag and Cu NPs was

ol a3

initially thought to depend on the different
amounts of ions released. The activity of Cu was
found to be greater than that of Ag, and, at the
same NPs concentration, ions released from Cu
NPs were found to be at a higher concentration.
However, the antimicrobial capability of Ag NPs
was found to be greater than that of Cu NPs,
indicating that Ag ions are more efficient in
antimicrobial activity than Cu ions. Ag NPs also
show broader antimicrobial effectiveness to
various strains of E. coli and S. aureus, as well as
to fungi which may be due to their stronger
interaction with polysaccharides and proteins on
cell walls. The existence of an oxide layer on Cu
NPs was proposed to be the reason that the
antimicrobial capacity of Cu NPs is less than that
of Ag NPs [20].

Fig. 5. SEM image of a — Ag/cotton and b — Ag/Cu cotton fabrics

Authors [15] investigated the effect of two
different textile woven structures (polyester (PET)
and 100 % cotton (Co) modified by magnetron
sputtering with copper (Cu) on bioactive properties
against Gram-positive and Gram-negative bacteria
and four viruses. PET/Cu and Co/Cu fabrics have
strong antibacterial activity against
Staphylococcus aureus and Klebsiella pneumonia.
Co/Cu fabric has good antiviral activity in relation
to vaccinia virus (VACYV), herpes simplex virus type
1 (HSV-1) and influenza A virus HIN1 (IFV), while
its antiviral activity against mouse coronavirus
(MHV) is weak. PET/Cu fabric showed weak
antiviral activity against HSV-1 and MHV. The
mechanism of antimicrobial activity of copper is
complex. When bacteria or viruses are on the copper
surface, Cu ions damage the cell membrane or viral
envelope. The destroying of microbes is accelerated
by the forming of free radicals. Warnes and co-
authors state that copper is more effective in
antimicrobial activity than other used metals, due to
its having a free electron in its outer orbital shell of
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electrons that easily takes part in oxidation-
reduction reactions [16—18]. Favatela and co-
workers tested antiviral cotton fabrics impregnated
with different formulations based on chitosan, citric
acid, and copper against HSV-1 and bovine, beta-
coronavirus (BCoV), and found good antiviral
activity against HSV-1 and BCoV [19].

Application: textile modified with MeNPs
demonstrate high efficiency of destruction of
bacteria E. coli, K. pneumoniae, E. aerogenes,
P. vulgaris, S. aureus, C. albicans, etc., with saving
of biocidal activity after 5 cycles of washing. The
dynamics of silver ions release from the surface of
NPs in the structure of textile upon their contact with
water for 72 hours and the number of irreversibly
bound particles have been studied. Modified fabrics
are reusable.

Ag NPs /TiO; Me NPs deposited on titania
surfaces, embedded within pores or encapsulated
in its matrices are expanding applications in
medical diagnostics, analytical chemistry,
photocatalysis efc. The metal NPs, being



A.M. Eremenko, I.S. Petrik, A.V. Rudenko

adsorbed or incorporated into titania matrix,
modify the interface and/or alter the pathways
with which photogenerated charge -carriers
undergo recombination or surface reactions. Bare
TiO, significantly has a weak antibacterial
activity while Ag loading to TiO, matrix led
increase in inhibition area where it diffuses
radially outward through the agar, producing zone
of inhibition. However, increasing the silver
concentration in TiO» showed not much effect
towards zone of inhibition. Optimum amount of
silver was needed to rapidly trap electron. Too
much silver may cover the titanium dioxide and

20 nm
el

Fig. 7. SEM images of mesoporous films sintered at 500 °C: a — SiO2/Ag 10 % and b — TiO2/Ag 10 % [2]

The silver polymeric nanocomposite
(Ag/TiO, NPs) embedded in (3-mercaptopropyl)
trimethoxysilane (MPTS) and tetraethylortho
silicate (TEOS) (TEOS-MPTS-Ag/TiO> NPs)
has stronger antibacterial activity than
Ag/TiO, NPs and Ag NPs with alow Ag" release
[28]. The photocatalysis efficiency of TiO, and
Ag-doped TiO, was tested by the percentage
viability = against both  gram  positive
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prevent light absorption. In addition, too much
silver may mean that the silver acts as a
recombination site itself and as a result a decrease
in photocatalytic efficiency [21]. The significant
enhancement in the antibacterial properties of Ag-
TiO, NPs under visible light irradiation is related
to the effect of noble metal Ag by acting as
electron traps in TiO; band gap [2, 22, 23]. The
phase structure, crystallite size and crystallinity of
TiO; also play an important role in antibacterial
activity. Under ultraviolet light, the photocatalytic
activity of the TiO»/Ag NPs could create *O, and
OH? free radicals [24-26].

20 nm . [

Fig. 6. TEM images of (a) TiO» and (b) 3 % and (c) 7 % Ag-doped TiO> nanoparticles annealed at 450 °C [27]

(Staphylococcus aureus) and gram negative
(Pseudomonas aeruginosa, Escherichia coli)
reduction of bacterial colonies under visible-light
irradiation. The pure TiO; (crude and annealed)
nanoparticles showed poor biocide activity, while
doping of silver ions improves the efficiency
under visible-light irradiation. The antimicrobial
activity of TiO, and Ag-doped TiO, nanoparticles
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(3 % and 7 %) was reduced to zero at
60 mg/30 mL culture [29].

Application: enhancement in the antibacterial
properties of Ag/TiO, NPs under visible light
irradiation. The photocatalytic effect under
ultraviolet light. Single application in the powder
form. Self-cleaning, antimicrobial and UV-
protective properties in textile surface.

Ag NPs/SiOxbiopolymers. Polysaccharides
from natural polymers are widely used as
materials for wound dressings due to their low
toxicity, good biocompatibility, degradability and
reproducibility. Chitosan is a polycationic
biopolymer, which has a wide spectrum of
biological activity against bacteria, fungi; as well
as it has haemostatic properties. Alginate has been
used in wound dressing, as it is high absorbent
material; therefore it is very appropriate for highly
exuding wounds. Alginate in combination with
Chitosan are highly absorbent with antimicrobial
properties [30-32]. Fig. 8 shows the chemical
structure, bioactive groups, monosaccharide units
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and sites that can be wused for biological
modification of conventional polysaccharides
(chitosan, starch, alginate and hyaluronic acid)
[7, 32, 33]. The compositions with pronounced
haemostatic and bactericidal properties based on
nanodispersed silica with sodium alginate
(10 % Si0») and silver nanoparticles (NPs) or Ag
ions (0.02-23 wt. %) are synthesized. As
revealed, the presence of silica in the matrix of
sodium alginate promotes the formation of silver
NPs of smaller size and prevents their
agglomeration. The bactericidal action of hybrid
composites against a whole number of bacteria
(E. coli, K. pneumoniae, P. aeruginosa, S. aureus,
C. albicans) is determined; it correlates with the
number of released Ag ions from the surface of
powders upon their contacting with water [34]
and is optimal at the Ag content of 3 %. In
experiments on rats with parenchymal bleeding,
high hemostatic activity of obtained powder
compositions is demonstrated.

Chitosan

Starch

Fig. 8. The chemical structure of conventional polysaccharides (chitosan, starch, alginate and hyaluronic acid) [32]

The reported applications of functionalized
polysaccharide-TiO, composites include
photocatalysts,  biomedical (wound-healing
material, drug delivery systems, textile (cotton
fabric self-cleaning), the polysaccharide-TiO,
showed high biocompatibility, indicating that
their use in food, pharmaceutical, and biomedical
applications is safe [35-39]. TiO, NPs are
irreversible adsorbed on the hydroxyl groups in
the polysaccharide matrix [40]. In general, the
polysaccharide—TiO, hybrid materials showed
improved physicochemical properties in a TiO;
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content-dependent  response. It  showed
antimicrobial activity against bacteria (gram-
negative and gram-positive). Chitosan and TiO;
mostly affect S. aureus monolayer structure,
enhancing the permeability of biological
membranes leading to the bacteria cell death [41].
One of the mechanisms of antibacterial action of
mixtures containing chitosan, TiO,, and/or
hyaluronic acid is probably based on bacterial
membrane disturbance. Authors [42] reported that
TiO, nano-powder was uniformly dispersed into
chitosan to form chitosan-TiO, film. Chitosan-
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TiO, film showed enhanced hydrophilicity and
better = mechanical  properties, possessed
efficient antimicrobial activity under visible light
and provoked the leakage of cellular substances.
The combination of ZnO, TiO; and Ag NPs with
chitosan not only improved antimicrobial activity,
but also accelerated the wound healing process
and enhanced the mechanical characteristics of
wound materials [43]. However, the cytotoxicity
of these composite materials to human and animal
cells, especially in long time frames, is still
unclear and delays their full implementation [44].

Application: Composites based on metal NPs
in the structure of silica or titania in the presence
of biopolymers are effective hemostatic agents

reducing and stabilizing effect on nanoparticles,
and silica prevents agglomeration of metal NPs in
the resulting composite.

It is quite difficult to satisfy the numerous
target requirements for biomedical nanomaterials
based on metal NPs in the composition of
dispersed oxides as well as textiles and/or
biopolymers (“all in one”) to obtain a single
universal multifunctional material that does not
lose its properties during operation. It makes more
sense to produce composites for purpose targeted
applications, such as bactericidal and antiviral,
hydrophobic coatings for laboratory surfaces,
package and so on. Researches in this area are in
progress.

with a bactericidal effect. Sodium alginate has a

HinboBi BUMOrM 10 0ioMeINYHUX HAHOMATEPiaIiB HA OCHOBI IUCIIEPCHUX OKCU/IIB Ta
TEeKCTIWII0, MOAH(IKOBAHUX METAJTEeBUMHU HAHOYACTUHHKAMH

I''M. €pemenko, I.C. IleTtpux, A.B. Pynenko

Inemumym ximii nogepxui im. O.0. Yyiixa Hayionanvnoi akademii nayx Yrpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, annaerem@ukr.net
Y «lncmumym yponoeii imeni akademixa O.®D. Bosianosa» Hayionanonoi Axademii Meouunux Hayx Yrpainu
8yn. Binnuuenxa, 94, Kuis, 04053, Vxpaina

Y emammi npoananizoeano nimepamypni Oaui ma aémopcbKi po3poOKu w000 MexHON02ii CMEOpeHHs.
mepanesmudHux 0eno y ueiadi niieok, Oucnepcii OKcuoie Memanis, MeKCmuio 3 iMMo0OLIi308aHUMU OIOCYMICHUMU
nanouacmunkamu (HY) cpiona y cmpykmypi SiO», TiO;, 6asoenu, biononimepis. (anveinam, Ximo3aw, JieHiH mowo),
AKi Maromu 0ioyuony Oiro, ma maubdymmui menoenyii 8 yitl 2anysi. Mu ma inui 00CTiOHUKYU pO3POOUNU MEMOOU CUHMES)Y
domorxamanimuuno axmusnux niisok TiO; i SiO, moougpikosanux HY sonoma/cpibnra/mioi, npuoamuux Ons
MeouyHo2o euxopucmanua. Po3pobneno exomomiumi ma npocmi HU3bKOMeMNepamypHi cnocobu 6ucomoeieHHs
AHMUMIKPOOHUX MEKCMUbHUX 8UPODOI6 ULIAXOM POMO- A00 MepMIUHOT akmusayii ma noKA3aHa MONCIUBICIb IXHbO2O
bacamopazoeo2o uxkopucmanns. Bupobunuymeo ma euxopucmanhs 6iomMeouUUHO20 MEKCMUNIO OCHAHHIM YACOM
OpIEHMYEMbC HA WUPOKE GUKOPUCTNANHS HEMOKCUYHUX Oiononimepie y noeouanni 3 mexcmuiem. Ompumano
KOMRO3Uyii HA OCHOBI HAHOOUCNEPCHO2O KpeMHe3eMy 3 noaicaxapudom anveinamom nampiio ma HY cpiona 3
BUPAIICEHUMU 2EMOCMAMUYHUMU MA OAKMEPUYUOHUMY BAACMUBOCMAMU. 151 000AMKOB020 NOSTUHAHHS MOKCUHIB |
OYUUeHHS DAH NePCNeKMUBHUM € OMPUMAHHA 2IOPUOHO20 Mamepiany 8 NOEOHAHHI 3 OUCNEPCHUM OKCUOOM.
CmeopenHs maxux yHigepcanibHux 6a2amo@yHKYIOHANIbHUX Mamepianie nepedbayae ixXHw 8UCOKY bakxmepuyuoHy ma
npomugipycHy 0ito npu 6acamopazogomy suxopucmanni. I'iOpuoHi mamepianu Ha OCHO8I HAHOYACMUHOK Memaiis y
CMpYKmMypi HOCIi8 pi3HOi npupoou y eueisadi naieox i oucnepciii biocymicHux oxcudis, Giononimepis, mexkcmuiio
Maromov 3axXuUcm 6i0 MOMCIUBOL MOKCUUHOL Oli HAHOYACMUHOK MA IOHI8 Memanie, 30amHicmb 00 CAMOOYUUCHHS,
omoxamanimuuni, KPOBOCNUHHI 8AACUBOCTT, MEPMOCMILKICMb MA iH.

Mamepianu na ocnosi oucnepcii Ag/SiO> maroms 6ucoKy anmubakmepiaiviy ma npomusipycHy 0ito (00HOpazoee
sacmocysanns). Ilnieku Ag/SiOz modcymsv sucmynamu sk 00620cmpoxoge anmubaxmepianvie nokpummst. Iloxazano
nocunenusi awmubakmepianvuux enacmusocmeti H4 Ag-TiO, Oucnepciii nid enaugom 6uoumo2o ceimia ma
domoxamanimuyna dis nio Y®-onpominennam. basosna, moougpixoeana HY cpibna, midi, doemoncmpye 6ucoky
epexmusHicms 3HUWeHHs bakmepitl ma desxux epubis - E. coli, K. pneumoniae, E. aerogenes, P. vulgaris, S. aureus,
C. albicans ma in., 3i 36epediceHHAM OIOYUOHOT aKMUGHOCMI NICaA 5 YuKie npanus. JJocaionceno OUHAMIKY 8UX00Y
ionig cpibna 3 nogepxui H4 y cmpykmypi mexcmunio npu iXHbomy KOHmMaxmi 3 600010 npomszom 72 200un ma
KiIbKiCmb HeoOOpPOMHO 38 A3AHUX YACMUHOK 30 30epediceHHAM Oioyuonoi Oii. Moougikosani mKaHuHu Mawome
bacamopa3zoge 3acmocy8anHts.
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Komnosumu na ocnosi H4 memanis y cmpykmypi kpemuesemy abo okcuoy mumaty 6 npucymuocmi 6ionoaimepis
€ eghexmusHuMU ceMOCMAMUYHUMY 3acobamu 3 OakmepuyuoHoio Oiet. Anveinam Hampilo Mae 8i0OHO8I0IOUY i
cmabinizyrouy dito Ha HY, a kpemnesem 3anobizae aznomepayii memanesux H4 6 ompumanomy xomnosumi. IIpome
00CUMb 8ANHCKO 3A0080IbHUMU YUCTICHHI YLIb0GI 6UMO2U 00 DIOMeOUUHUX HaHoMamepianié Ha ocHosl HY memanis y
CKAA0I OUCNEPCHUX OKCUOL8, d MAKOJIC MEeKCMuUo ma/abo biononimepie («6ce 6 00HOMY»), Wob ompumamu €OUHUL
YHIgEpCANbHUN 6a2amo@yHKYIOHANbHUN MAMepIian, KU He 8mpamums c0i e1acmusocmi nio 4ac eKCcniyamayii.
Hoyinvriwe 6upobasimu KOMNo3umu yitb08020 NPUSHAYEHHS, HANPUKIAO, OaKmepuyuoHi ma npOMuGIipycHi,
2I0poghobHi nokpummsi 0Jis AAOOPAMOPHUX NOBEPXOHb, YRAKOSKU mowjo. Jlociodcens 6 yitl obracmi mpugaromo.

Knrouosi cnosa: nanovacmunxu memany (H4), nanowacmunxu oxcudy memany (MeOHY), 6iononimepu, konoiou,
SiO; nnisxu, TiO; wuanouacmunku, SiO; Oucnepcii, mexcmunib, OAKMepUYUOHA AKMUBHICIb, 2eMOCMAMUYHI
81ACMUBOCINI
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