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This work concerns polymer materials for manufacturing catheters, drains and various membrane coatings with
stable antimicrobial properties that will ensure the suppression of infection in the product itself and the focus of
inflammation. Since the main requirements for polymer materials for medical purposes are biocompatibility and
lack of toxicity, there is necessary to conduct preclinical tests. Therefore, our work aims to study the cytotoxicity and
biocompatibility of composite materials filled with silver-containing silica nanocomposite. The objects of the study
were composite materials based on polyurethaneureas (PUU) with fragments of poly(vinyl butyral-vinyl acetate-vinyl
alcohol) copolymer and 1,6-hexamethylenediamine macrochain extender in the structure filled with silver-containing
silica nanocomposite 02AgCu in the amount of 1% by mass. Cytotoxicity studies were carried out by the tissue culture
method on tissue culture of subcutaneous adipose tissue of laboratory white rats in vitro. Biocompatibility studies
were carried out by histological tests by studying cellular reactions to the implantation of polymeric materials in in
vivo conditions. Based on the results of tissue culture studies, it can be concluded that there is no histotoxic effect
of the studied PUU and composite materials based on them filled with silver-containing silica nanocomposite on
cultured cells. Histological tests showed that the polymer samples had a fairly high degree of biocompatibility. The
studied composite materials are filled with silver-containing silica nanocomposite 02AgCu in 1% wt. are safe and can

be proposed for use in various fields of medicine.

Key words: composite materials, silver-containing silica nanocomposite, tissue culture, implantation, biocompat-
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Connection of the publication with planned re-
search works. The work was carried out within the
framework of research work No. 2.1.4.4-3 “Formation of
polymers of different spatial structure and compositions
based on them for immobilization of biologically active
compounds and medicinal substances” (2019-2022), RK
0119U001237.

Introduction. Modern surgery, urology, and gynecol-
ogy require developing new biologically active polymer
membrane-forming materials with stable antimicrobial
properties to manufacture catheters, drains and various
film coatings that will prevent infection in the product
itself and the focus of inflammation.

Polyurethane ureas (PUU) are promising polymer
materials for medical use. Their use is known in the cre-
ation of wound covers [1], catheters, prostheses, artificial
vessels [2], anti-thrombogenic products [3], supporting
structures for soft tissues [4], in bone tissue engineering
[5], etc. In particular, antimicrobial membrane materials
with decamethoxine for the treatment of wounds and
burns [6], membrane materials with cycloserine as a
coating for the treatment of skin tuberculosis [7], anti-
microbial membrane materials with tiamulin fumarate
for making drains in abdominal surgery [8], composite
materials with lysozyme for the treatment of necrotic
wounds [9, 10]. Film materials with lysozyme [11, 12]
as a coating for burn wounds [13] have been developed
based on PUU with poly(vinyl butyral-vinyl acetate-vinyl
alcohol) copolymer fragments in the structure.

Therefore, taking into account the above, composite
materials containing silver-containing silica nanocom-
posites of various compositions (02AgCu; AgCu; 01Ag)
were obtained based on PUU with fragments of the
copolymer poly(vinylbutyral-vinylacetate-vinyl alcohol)

and the macrochain extender of 1,6-hexamethylene-
diamine in the structure ) in amounts of 0.1, 0.5 and 1
wt. % [14].

The choice of silver-containing silica nanocomposites
— composites containing metal oxides and metallic silver
nanoparticles [15] as biologically active fillers is due to
the manifestation of antibacterial properties against the
most common gram-positive and gram-negative bac-
teria.

The essential requirements for polymer materials for
medical purposes are biocompatibility and non-toxicity.
Therefore, to enable further implementation of these
materials into medical practice, it became necessary to
conduct preclinical tests of these materials.

The aim of the study is to investigate the cytotoxicity
and biocompatibility of composite materials filled with
silver-containing silica nanocomposite 02AgCu.

Object and research methods. The research objects
were composite materials based on PUU with poly(vinyl
butyral-vinyl acetate-vinyl alcohol) copolymer frag-
ments and 1,6-hexamethylenediamine macrochain ex-
tender in the structure filled with silver-containing silica
nanocomposite 02AgCu in the amount of 1% by mass.

Tissue culture method. The tissue culture method
was used to study cytotoxicity in tissue culture of sub-
cutaneous adipose tissue of laboratory white rats of the
Wistar line, which causes fibroblastic growth under culti-
vation conditions of fibroblast-like elements [16]. Tissue
culture was obtained by explanting pieces of subcuta-
neous adipose tissue, which were placed in Carrel vials
with a nutrient mixture consisting of medium 199 and
chicken plasma. Samples of the investigated polymer
materials measuring 0.5x0.5 cm were also introduced
into the vials, then the embryonic extract was added,
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Figure 1 - Initiation of growth in rat subcutaneous adipose tissue culture in a vial with control (a), PUU (b), and PUU+02AgCu (c).

and a plasma clot (solid phase) was obtained. After
forming the solid phase (10-15 min.), nutrient medium
199 and bovine serum (liquid phase) were introduced.
Cultivation was carried out at a temperature of 379C.
Vials with subcutaneous adipose tissue explants with-
out adding polymer samples were used as a control.
The change of the liquid phase of the nutrient medium
and the study of the growth and development of cellu-
lar elements of the subcutaneous tissue of white rats
in both control and experimental samples were carried
out on the 3rd, 7th, 10th and 14th days of cultivation.
Cultures were examined under a microscope in the na-
tive state. In order to standardize the nature of culture
growth, their zones were classified as compact, mesh-
like zones and the zone of migrating cells, the criterion
for their selection was the location of growing fibro-
blastic elements.

Histological studies. Histological studies were used to
study cellular reactions to the implantation of polymeric
materials, which is an essential point in assessing their
biocompatibility. In aseptic conditions, model operations
were carried out for the implantation of samples in the
body of experimental animals — laboratory rats of the
Wistar line (the total number of operated animals was
40, males weighing 180-220 g). After treatment of the
operative field, polymer samples were implanted sub-
cutaneously in the form of monolithic films measuring
10x10x2 mm in experimental animals in the interscapu-
lar space. Such an area is optimal for implantation and is
characterized by low mobility and inaccessibility for the
animal itself, which minimizes the risk of its interference
in the experimental process. Experimental samples of
polymer materials were placed in the body of experi-
mental animals without additional fixation to exclude
the influence of suture material on the wound process.
All manipulations with experimental animals were car-
ried out under anesthesia and in compliance with the
principles set forth in the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Purposes [17]. Animals were removed from

the experiment on 7, 14, 30, and 90 days after surgery by
humane euthanasia. Polymer samples with surrounding
connective tissue were fixed in a 10% formalin solution
and embedded in paraffin after histological processing
according to standard methods [18, 19]. Sections with
a thickness of 10-12 um were stained with hematoxylin
and eosin. Assessment of biocompatibility, namely the
tissue reaction of the organism of experimental animals
and possible changes in the structure of the studied
samples after the implantation of polymeric materials,
was carried out using light-optical studies and analysis
of histological micropreparations on microscopes “Mi-
kmed-2”", Carl Zeiss Primo Star, photomicrography was
carried out using a Sciencelab 3.0 video eyepiece and
a camera Canon PowerShot A640. During the research,
both the general reaction of the body of experimental
animals to the implantation of polymer samples and the
structure and morphology of the tissues surrounding
the implants were evaluated.

Research results and their discussion. In order to
investigate the possible toxicity of the components of
the studied composite materials on the growth and de-
velopment of the culture of fibroblastic elements, re-
search was carried out by the tissue culture method in
vitro.

The first signs of growth, which were manifested by
the migration of single cells of an elongated shape, as
well as single migrating fibroblastic elements that had
a spindle-like and polygonal shape, both in control and
in the experimental samples, were observed by the end
of the 3rd day (fig. 1a, fig. 1b). Only for the PUU sample
in the primary zone of polygonal cells was significantly
more than in control (fig. 1c).

On the 7th day, in Karrel vials with samples, as in con-
trol, the growth areas are represented by three zones:
compact, consisting of spindle-shaped and polygonal
cells, reticular, consisting of bundles and cords of cells
that are arranged in a reticular pattern, and zones of
migrating fibroblastic elements (fig. 2a, fig. 2b, fig. 2c).

Figure 2 — Growth of fibroblast culture on the 7th day of cultivation in a vial with control (a), PUU (b), and PUU+02AgCu (c).
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Figure 3 — Connective tissue capsule around the implanted sample of PUU (a)
and PUU+02AgCu (b) on the 7th day of the experiment. Magnification: x200.

On the 10th day of the test, the zones of compact,
reticular, and migrating cells increased. For all test sam-
ples, except for PUU, tissue-like growth is observed. In
vials with a PUU sample, signs of degenerative changes
of fibroblastic and fibroblast-like cells in the compact
and reticular zones were revealed. In vials with the
PUU+02AgCu sample, the area of tissue-like growth of
fibroblastic elements significantly increased. The densi-
ty of fibroblasts remained more pronounced in the zone
of compact location of cells. Degenerative changes in
individual cells are observed only in the compact zone.

On the 14th day of the study, the cell population
enters the phase of degeneration, manifested in a sig-
nificant vacuolization of the cytoplasm and its granular
regeneration in cells in the experimental and control
samples, which is characteristic of this period of this cul-
ture. But in vials with PUU+02AgCu polymer samples on
the 14th day, despite the degeneration of the culture,
new spindle-shaped and polygonal cells are present in
the zone of migrating fibroblasts.

Thus, it was established that no biodegradation
products from polymer samples entered the nutrient
medium during 14 days of cultivation, and they did not
show a toxic effect on tissue culture cells.

When studying the biocompatibility of polymeric
materials, the processes occurring during implantation
in the body of experimental animals, the analysis of
cellular reactions, and the evaluation of the biological
safety of materials during their long-term contact with
the biological environment are of particular importance.
Therefore, histological studies were carried out in vivo.

Daily visual assessment of the response of the epi-
thelium at the operative site showed that the wound
healed within 3 days after the operation without signs
of an inflammatory reaction. According to morphologi-
cal features, no degenerative changes, tumors, tissue
necrosis were detected either in the short-term or in

Figure 4 — Connective tissue capsule around the implanted sample of PUU (a)
and PUU+02AgCu (1% wt.) (b) on the 14th day of the experiment. Magnification: x200.

the long-term postoperative
period. Throughout the experi-
ment, the implanted materials
were palpated through the skin
of the animals. Implantation
of the studied samples did not
cause aggression and changes
in the behavior of the experi-
mental animals.

Macroscopically, connective
tissue was detected around the
implanted samples at all times
of the study, which was tightly
connected to the surface of the
implanted samples and did not
differ in color and structure from the tissues away from
the implantation site.

The main attention during the analysis of histological
micropreparations was directed to signs of the develop-
ment of inflammatory phenomena in the area of im-
plantation of polymer samples at the “implant-tissue”
interface.

On the 7th day after surgery, a rather immature
connective tissue capsule was observed around the
PUU samples, which separated the implanted polymer
sample from the surrounding tissues. The cellular com-
position of the capsule was mainly represented by leu-
kocytes (polymorphonuclear neutrophils) and lympho-
cytes (fig. 3a). In some areas, a more mature capsule
was observed, the main cellular elements of which were
synthetically active fibroblasts located in the thickness
of bundles of collagen fibers. At this time of the study,
monocytic-macrophage elements were also presented
in large quantities, which indicated the activation of
phagocytic processes in the area of implantation mate-
rial placement. A small number of blood vessels were
observed without disturbances of microcirculatory pro-
cesses.

On the 7th day, an immature connective tissue cap-
sule was also observed around the PUU+02AgCu poly-
mer samples and around the samples without silver.
Infiltration by round cell elements, mainly leukocytes
(polymorphonuclear neutrophils) and lymphocytes
(fig. 3b) was characteristic for this study period. Foci of
monocyte-macrophage cells were found locally. In some
areas, a more structured capsule containing syntheti-
cally active fibroblasts was observed between rows of
bundles of collagen fibers directed along the implanted
sample. Blood vessels were represented in small num-
bers without signs of microcirculatory disturbances in
them.

On the 14th day after sur-
gery, a thin and mature con-
nective tissue capsule was
observed around the PUU
samples. The intensity of neu-
trophilic and lymphocytic infil-
tration decreased compared to
the previous study period. The
monocyte-macrophage reac-
tion’s intensity also decreased,
indicating the activation of
proliferative processes. Young
forms of fibroblastic elements
and spindle-shaped fibroblasts
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lying in the thickness of bun-
dles of mature collagen fibers
were observed in separate cap-
sule areas. Along with the cap-
sule in the surrounding connec-
tive tissue, a large number of
blood vessels were observed,
compared to the previous pe-
riod of the study, their lumen
increased, but all of them were
characterized by normal micro-
circulation. An insignificant cell
of such connective tissue next
to the capsule was character-
ized by an increased permeabil-
ity of capillaries and venules, which led to local hemor-
rhagic exudation (fig. 4a).

On the 14th day, a thinner and more mature connec-
tive tissue capsule was formed around the PUU+02AgCu
polymer samples than at the previous period of the
study. The capsule consisted of synthetically active fi-
broblasts located in the thickness of bundles of mature
collagen fibers directed along the implanted sample.
In small separate areas, a less mature and structured
capsule was observed, the cellular composition of
which was represented by minor foci of leukocytes
(polymorphonuclear neutrophils), as well as monocyte-
macrophage cells with phagocytic activity (fig. 4b). The
number of blood vessels was insignificant, the microcir-
culatory processes in them were without disturbances.

30 days after the operation, a sufficiently mature
connective tissue capsule was observed around the
PUU sample, the cellular composition of which was
represented by local foci of monocyte-macrophage ele-
ments, minor leukocyte and lymphocyte infiltrations. In
other capsule areas, bundles of mature collagen fibers
and spindle-shaped fibroblasts were observed between
them (fig. 5a), actively synthesizing collagen. A reduc-
tion of blood vessels was observed in comparison with
the previous term of the study. Microcirculatory pro-
cesses in vessels were without disturbances.

After 30 days, a connective tissue capsule was ob-
served around the PUU+02AgCu sample, which var-
ied in degree of maturity along its entire length. Some
areas consisted of bundles of mature collagen fibers
and synthetically active fibroblasts, oriented along the
implanted material. In other parts of the capsule, round
cell infiltration was observed, represented mainly by
leukocytes, a pronounced monocyte-macrophage re-
action, as well as young forms of fibroblastic elements
and poorly differentiated cellular elements (fig. 5b).
The intensity of the mono-
cyte-macrophage reaction was
high, which probably indicated
an active phagocytic process
in the area where the implant
was placed. Blood vessels were
represented in a small amount,
without violations of micro-
circulatory processes.

90 days after the oper-
ation, fibroblasts observed an
increase in the thickness and
density of the connective tissue
capsule around the implanted

Figure 5 — Connective tissue capsule around the implanted sample of PUU (a)
and PUU+02AgCu (b) on the 30th day of the experiment. Magnification: x200.

PUU sample due to the active synthesis of collagen fib-
ers and other components of the extracellular matrix.
At the same time, the capsule itself had a high degree
of maturity along its entire length and consisted of bun-
dles of wavy collagen fibers with spindle-shaped fibro-
blasts between them (fig. 6a). Small foci of round cell
infiltration, mainly leukocyte, and a pronounced macro-
phage reaction were characteristic of some areas of the
capsule. At this time of the study, the number of blood
vessels was insignificant. Microcirculatory processes in
vessels were without disturbances.

After 90 days, a rather thin and mature connective
tissue capsule consisting of bundles of wavy collagen
fibers and spindle-shaped fibroblasts between them
was observed around the implanted PUU+02AgCu sam-
ple (fig. 6b). Small foci of round cell infiltration were
characteristic in some areas of the capsule, as was the
case around PUU samples without silver. Blood vessels
were represented in small numbers with normal micro-
circulation.

Therefore, the histological studies showed that the
implantation of the studied samples into the body of
experimental animals led to the development of cellu-
lar reactions typical for aseptic inflammation without
signs of acute inflammation and other reactive process-
es. Implantation of PUU+02AgCu composite materials
led to morphologically similar cell reactions developing
around PUU samples. Cellular reactions to the implant-
ation of the studied samples already in the study’s early
stages were aimed at forming “barrier” connective tis-
sue capsules and were insignificant in their intensity.
Mainly, local round cell infiltrations were observed. The
degree of ripening of the capsules remained low during
the initial periods of observation. But there was a gen-
eral tendency to form thin and mature capsules around
PUU and around PUU+02AgCu, consisting of fibroblasts
and bundles of mature collagen fibers located along the

Figure 6 — Connective tissue capsule around the implanted sample of PUU (a)
and PUU+02AgCu (b) on the 90th day of the experiment. Magnification: x200.
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implanted samples. At the same time, an increase in the
number of mononuclear cells (macrophages) aimed at
the implementation of the body’s protective and com-
pensatory mechanisms in response to the presence of
a foreign body was observed at almost all times of the
study. It was established that the silver-containing silica
nanocomposite in the composition of polymer samples
did not significantly affect the course of cellular reac-
tions during implantation and did not significantly dif-
fer from the cellular reactions around polymer samples
without silver-containing nanocomposites.
Conclusions. Thus, based on the results of tissue
culture studies, it can be concluded that the studied

materials PUU and PUU+02AgCu (1% wt.) do not have
a histotoxic effect on cultured cells. Histological tests
showed that the polymer samples had a fairly high de-
gree of biocompatibility and gradually biointegrated
into the subcutaneous connective tissue in the form of
reactive encapsulation by the connective tissue. The re-
searched composite materials can be proposed for use
in various fields of medicine.

Prospects for further research. Since, according to
the results of preclinical studies, composite materials
filled with silver-containing silica nanocomposite are
safe, clinical trials are planned in the future.

References

. Liu X, Niu Y, Chen KC, Chen S. Rapid hemostatic and mild polyurethane-urea foam wound dressing for promoting wound healing. Mater.

Sci. Eng. C Mater. Biol. Appl. 2017;71:289-297. DOI: https://doi.org/10.1016/j.msec. 2016.10.019.

Burke A, Hasirci N. Polyurethanes in Biomedical Applications. Advances in Experimental Medicine and Biology. 2004;553:83. DOI: https://

doi.org/10. 1007/978-0-306-48584-8_7.

Caracciolo PC, Queiroz AAA, Higa OZ, Buffa F. Abraham GA. Segmented poly(esterurethane urea)s from novel urea—diol chain extenders:

Synthesis, characterization and in vitro biological properties. Acta Biomaterialia. 2008;4(4):976-988. DOI: http://dx.doi.org/10.1016/j.

actbio.2008.02.016.

Hong Y, Guan J, Fujimoto KL, Hashizume R, Pelinescu AL, Wagner WR. Tailoring the degradation kinetics of poly(ester carbonate urethane)

urea thermoplastic elastomers for tissue engineering scaffolds. Biomaterials. 2010;31(15):4249-4258. DOI: https://doi.org/10.1016/j.

biomaterials.2010. 02.005.

Zieleniewska M, Auguscik M, Prociak A, Rojek P, Ryszkowska J. Polyurethane-urea substrates from rapeseed oil-based polyol for bone

tissue cultures intended for application in tissue engineering. Polymer Degradation and Stability. 2014;108:241-249. DOI: http://dx.doi.

org/10.1016/j.polym degradstab.2014.03.010.

Rozhnova R, Karpenko O, Rudenchyk T, Galatenko N, Kiselova T. Synthesis film materials with decametoxine on the basis of

polyurethaneureas, which containing in the structure fragments of a copolymer of N-vinylpyrrolidone with vinylalcohol. Naukovi Zapysky

NaUKMa. 2016;183:54-59. [in Ukrainian].

Rudenchyk T, Rozhnova R, Galatenko N, Nechaeva L. Study of Biodegradation of film materials with D-Cycloserine based on

polyurethaneurea and the dynamics of drug release. American Journal of Polymer Science and Technology. 2019;5(4):97-104. DOI:

https://doi.org/10.11648/j.ajpst.20190504.11

Rudenchyk TV, Roznova RA, Galatenko NA, Kiselova TO. Plivkovi materialy z tiamulin fumaratom na osnovi poliuretansechovyn

z frahmentamy kopolimeru n-vinilpirolidonu z vinilovym spyrtom u yikh strukturi. Visnyk Odeskoho Natsionalnoho Universytety.

2016;21(3(59)):67-76. DOI: http://dx.doi.org/10.18524/2304-0947.2016.3(59).79591. [in Ukrainian].

Stashenko KV, Rudenchyk TV, Rozhnova RA, Galatenko NA, Narazhaiko LF. Biosumisni kompozytsiyni materialy z lizotsymom na

osnovi poliuretansechovyn z frahmentamy kopolimeru n-vinilpirolidonu, vinilatsetu ta vinilovoho spyrta. Visnyk Odeskoho Natsionalnoho

Universytety. 2018;23(2(66)):46-56. DOI: http://dx.doi.org/10.18524/2304-0947.2018. 2(66).132042. [in Ukrainian].

10.Stashenko KV, Rudenchik TV, Rozhnova RA, Kiselova TO. Development of composite materials based on polyurethaneurea with
fragments of a copolymer of N-vinylpyrrolidone with vinyl alcohol and lysozyme. Voprosy khimii i khimicheskoi tekhnologii. 2018;2:115-
121. [in Ukrainian].

11. Stashenko KV, Rudenchyk TV, Galatenko NA, Rozhnova RA. Syntez i vlastyvosti kompozytsiynykh materialiv na osnovi poliuretansechovyn
z frahmentamy kopolimeru polivinilbutyralyu (vinilatsetatu z vinilovym spyrtom) ta lizotsymom. Voprosy khimii i khimicheskoi tekhnologii.
2020;1:71-79. DOI: http://dx.doi.org/10.32434/0321-4095-2020-128-1-71-79. [in Ukrainian].

12.Stashenko KV, Vislohuzova TV, Galatenko NA, Rozhnova RA. Development of composite materials based on polyurethane ureas with
fragments of a copolymer of poly(vinyl butyral, vinyl acetate and vinyl alcohol) and lysozyme. Polymer Journal. 2020;2:126-136. DOI:
https://doi.org/10. 15407/polymerj.42.02.136. [in Ukrainian].

13.Stashenko KV, Rudenchyk TV, Rozhnova RA, Galatenko NA, Nechaeva LYu. Study of the influence of the model biological environment
on the structure and properties of polyurethaneureas with lysozyme, which contain fragments of copolymer of vinylbutyral, vinyl acetate
and vinyl alcohol in the structure. Polymer Journal. 2019;41(3):198-205. DOI: https://doi.org/10. 15407/polymerj.41.03.198. [in Ukrainian].

14.Vislohuzova TV, Rozhnova RA, Bogatyrov VM. Film materials filled with biocidal silver-containing silica nanocomposites. Ukrainian
Conference with International Participation “Chemistry, physics and technology of surface”; 2020 October 21-23; Kyiv; 2020. p. 190.

15.Bogatyrov VM, Gun’ko VM, Galaburda MV, Oranska Ol, Petryk IS, Tsyganenko KS, et al. The effect of photoactivated transformations
of Ag+ and AgO in silica fillers on their biocidal activity. Research on Chemical Intermediates. 2019;45(8):3985-4001. DOI: https://doi.
org/10.1007/s11164-019-03885-2.

16.Lebediev YeV, Konstantinov YuB, Galatenko NA, Yatsenko VP, Rozhnova RA, Maksymenko VB. Toksykoloho-hihiienichni ta Doklinichni
Doslidzhennia Polimernykh Materialiv i Vyrobiv na yikh Osnovi Medychnoho Pryznachennia. Kyiv: Naukova dumka; 2009. 99 s. [in
Ukrainian].

17.Council of Europe. European convention for the protection of vertebrate animals used for experimental and other scientific purposes.
Strasbourg: Council of Europe; 1986. 53 p.

18.Sarkisov DS, Petrova YuL. Mikroskopicheskaia tekhnika. Moskva: Meditsina; 1996. 542 s.

19.Bagriy MM, Dibrova VA, Popadynets OG, Grischuk MI. Metodyky morpholohichnykh doslidzen. Vinnitsa: Nova Knyha; 2016. 328 s. [in

Ukrainian].

-

N

w

»>

o

o

N

©

©

BMBYEHHA BIOCYMICHOCTI KOMMNO3ULIAHUX MATEPIANIB, HAMOBHEHWUX CPIB/IOBMICHUM KPEM-
HESEMHUM HAHOKOMNO3UTOM

BicnorysoBa T. B., Kynew [l. B., PoxkHoBa P. A., lanateHKo H. A., Hapaaiiko J1. ®.

Pe3stome. CyyacHa meguumHa noTpebye HOBUX MONIMEPHUX MaTepianiB 4/1A BUTOTOB/EHHS KaTeTepis, ApeHaxiB
i Pi3HOMaHITHMX MNIBKOBUX MOKPUTTIB 3i CTIMKMMM aHTUMIKPOBHMMM BNACTUBOCTAMM, WO ByayTb 3abesnevysatu
NpWrHiveHHa iHPeKL|ii B camomy BuMpoby Ta ocepeaky 3ananeHHA. OCKiNbKM OCHOBHMMM BUMOFamm A0 NONIMEPHUX
maTepianis MegMuYHOro NPU3HayYeHHnA € 6ioCYMICHICTb i BiACYTHICTb TOKCMYHOCTI, MOCTA€ HEOOXiAHICTb Y NpoBeAeHHiI
LOKNiIHIYHNX BUNPOOYBaHb.
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Memotr pobomu € [OCNigKeHHA UUMTOTOKCUYHOCTI Ta BioCyMiCHOCTI KOMMO3ULIMHMX MaTepianiB HaNnOBHEHMX
cpi610BMiCHUM KpeMHe3eMHUM HaHokomno3nTom 02AgCu.

06’ekm i memoou 0ocnioreHHA. O6’ekTamMmn JocnigKeHHA ByAn KOMMNO3ULiNHI maTepiann Ha OCHOBI nosiype-
TaHceyoBuH (NYC) 3 dbparmeHTamum Kononimepy noni(BiHiNGyTUpanb-BiHiNaueTaT-BiHiNOBUI CNMPT) Ta NOA40BKYBaya
MaKponaHutora 1,6-rekcameTuneHgiaMiHy y CTPYKTypi HAaNnOBHEHUX CPiBAOBMICHUM KpeMHE3eMHUM HaHOKOMMO-
3utom 02AgCu y KinbkocTi 1% mac. JocniaKeHHA LUTOTOKCUYHOCTI 34iMCHIOBAaIM METOAOM Ky/NbTypU TKAHWH Ha
KYNbTYPi TKAHUH NiALWKIPHO-*KMPOBOI KNITKOBUHM NnabopaTopHuMx b6inunx wypis B ymoBax in vitro. JocnigxeHHs 6io-
CYMIiCHOCTi 34iiCHIOBA/IM TiICTO/IOFYHMMM BUMPOOYBAHHAMM LUIAXOM BMBYEHHS KNITUHHUX peakKLii Ha iMnnaHTaLio
nosimepHMUX maTepianis B yMOBax in vivo.

Pe3ynemamu. 3a pe3ynbTaTaMmn NPOBEAEHUX AOCNIAKEHD KYNbTYPU TKAHUH MOXKHa 3p06UTM BUCHOBOK MpPO BiA-
CYTHICTb FiCTOTOKCUYHOTO BNAMBY A0CAiAKyBaHMX MMYC i KOMMNO3MLiHMX MaTepianiB Ha iXx OCHOBI HaMOBHEHUX Cpi-
6/10BMiCHUM KpeMHe3eMHMM HaHOKOMMO3UTOM Ha KyNbTMBOBAHI KAITUHW. FicTonoriyHMmm BUNpobyBaHHS NoKasa-
HO, LLLO NoNIMEpPHI 3pa3KkM Masiv AOCUTb BUCOKWUI CTyNiHb BiocymicHOCTi.

BucHogKu. [locnigxyBaHi KOMMNO3MLiliHI MaTepiann HaNnoBHEHI CPiBNOBMICHUM KPEMHE3EMHUM HAaHOKOMMNO3MU-
Tom 02AgCu y KinbKocTi 1 % mac. € 6e3ne’yHMMM Ta MOXKYTb ByTU 3aNPONOHOBAHI A1 BUKOPUCTAHHA B PISHWUX rany-
3AX MeaUUUHN.

KnouoBi cnoBa: Komno3uuiliHi maTepiann, cpibNOBMICHUIA KpEeMHE3EMHUI HAHOKOMMO3UT, Ky/bTypa TKaHUH,
imnnaHTauis, 6iocymicHicTb.

STUDY OF BIOSCOMPATIBILITY OF COMPOSITE MATERIALS FILLED WITH SILVER-CONTAINING SILICA NANO-
COMPOSITE

Vislohuzova T. V., Kuliesh D. V., Rozhnova R. A., Galatenko N. A., Narazhayko L. F.

Abstract. Modern medicine needs new polymer materials for the manufacture of catheters, drains and a variety
of film coatings with resistant antimicrobial properties that will ensure suppression of infection in the product and
the focus of inflammation. Since the main requirements for medical polymer materials are biocompatibility and
non-toxicity there is a need for preclinical tests.

The aim of the work is to study the cytotoxicity and biocompatibility of composite materials filled with silver-con-
taining silica nanocomposite 02AgCu.

Object and methods of research. The objects of the study were composite materials based on polyurethan-
eureas (PUU) with copolymer fragments of poly(vinyl butyral-vinyl acetate-vinyl alcohol) and macrochain extender
1,6-hexamethylenediamine in the structure filled with silver-containing silica nanocomposite 02AgCu in the amount
of 1 wt. %. Cytotoxicity studies were performed by tissue culture method on the culture of tissue of subcutaneous
fatty tissue of white laboratory rats in vitro. Biocompatibility studies were performed by histological tests by study-
ing cellular responses to the implantation of polymer materials in vivo.

Results. According to the results of tissue culture studies it can be concluded that there is no histotoxic effect of
the investigated PUU and composite materials on their basis filled with silver-containing silica nanocomposite on
cultured cells. Histological tests showed that the polymer samples had a fairly high degree of biocompatibility.

Conclusions. The investigated composite materials filled with silver-containing silica nanocomposite 02AgCu in
the amount of 1 wt. % are safe and can be proposed for use in various branches of medicine.

Key words: composite materials, silver-containing silica nanocomposite, tissue culture, implantation, biocompat-
ibility.
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Bicnozay3oea T. B., Kynew []. B., PoxcHoea P. A., lanameHkKo H. A., Hapascaiiko /1. &.

BUBYEHHA BIOCYMICHOCTI KOMMO3ULIIMHUX MATEPIANIB, HANOBHEHUX
CPIBNNIOBMICHUM KPEMHE3EMHUM HAHOKOMIO3UTOM

IHCTUTYT Ximii BUCOKOMONeKynapHux cnonyk HAH Ykpaidu (m. Kuis, YKpaiHa)
rudenchyk@gmail.com

JlaHa pob6oma cmocyemscsa nosimepHUX Mmamepianie 0715 8U20MOB/AEHHA Kamemepis, OpeHax3ie i pi3HOMAHIMmHuUx
naieKosuUXx MoKpumMmMmie 3i cMilikumu aHMUMIKPOOHUMU 81acmusocmamu, ujo bydyms 3abesneyysamu npueHivYeHHs
iHpperyii 8 camomy supoby ma ocepedky 3anasneHHA. OCKinbKu OCHOBHUMU 8UMO2amu 00 MosniMepHUX mamepiasnie
MeOUYHO20 MpuU3HaYeHHA € biocymicHicms i 8i0cymHicmb MOKcUu4YHOCmi, nocmae HeobxiOHicmb y rposedeHHi
O00KniHIYHUX 8unpobysaHb. Tomy, Memoro Hawoi pobomu € 00CAIOMEHHA UUMOMOKcUYHocmi ma biocymicHocmi
Kommno3uyiliHux mamepianie HAMNosHeHUx CcpPibaA0BMICHUM KpemMHe3eMHUM HaHokommno3umom. O6’ekmamu
00cnioxceHHA byau Komno3suuiliHi mamepianu Ha ocHosi noaiypemarcevosuH ([1YC) 3 ppaemeHmamu Koronimepy
noni(giHinbymupans-giHinayemam-giHinoguli cnupm) ma nodoexysa4ya MakposaaHyroza 1,6-2zekcamemuseHoiamiHy
Yy CMPYKmypi HAnosHeHUx cpiba08MICHUM KpemHe3eMHUM HaHokommnosumom 02AgCu y kinekocmi 1% mac.
LocnioxeHHs yuumomokcuyHocmi 30ilicHI08aAU MemoOOM Kyabmypu MKAHUH HA Kyabmypi MKAHUH MiOWKipHO-
HUPOBOI KnimKkosuHu nabopamopHux 6inux wypie 8 ymoeax in vitro. [locnioxceHHs biocymicHocmi 30ilicHrosanu
2icmonoaiyHUMU  8UNPOBYBAHHAMU W/AAXOM BUBYEHHA KAIMUHHUX pPeakyili Ha iMnaaHmauito nosimepHuUX
mamepianie 8 ymoasax in vivo. 3a peaynemamamu npoeedeHux 00CAiOHeHb Kyabmypu MKAHUH MOXHA 3pobumu
BUCHOBOK PO 8i0CYMHicmb 2icmomoKcu4Ho20 anaugy docnioxcysaHux [1YC i komno3uyiliHux mamepianie Ha ix
OCHOBi HaNMoBHeHUX CPib10BMICHUM KpeMHe3eMHUM HAGHOKOMIMO3UMOM HA KY/Abmu8o8aHi KaimuHu. FicmosnoaiyHumu
8UnNpobysaHHA MOKA3AHO, WO MOAIMEepPHI 3pa3Ku masau 0ocums 8UCOKUl cmyniHb biocymicHocmi. [locnioxcyeaHi
KOMMo3uyiliHi mamepiaau HanosHeHi cpiba08MiCHUM KpemMHe3eMHUM HaHokomnozumom 02AgCu y Kinekocmi 1%
mac. € besneyHuMu ma Moxyme 6ymu 3anporoHO8aHI 0719 BUKOPUCMAHHSA 8 Pi3HUX 2as1y38X MeOUYUHU.

Knrouoei cnoea: kommno3suyiliHi mamepianu, cpibanoemicHuli KpemHe3eMHUl HAHOKOMIO3Um, Kyabmypa MKAHUH,

imnaaHmauis, 6iocymicHicme.

38’A30K nNyb6niKauii 3 n1aHOBMMU HAyKOBO-AOCAIA-
HUMM poboTamu. PoH60oTa BUKOHAHA B PaMKax BUKOHaH-
HS HayKoBo-goc/igHoi pobotu Ne 2.1.4.4-3 «dopmyBaH-
HS MonimepiB Pi3HOI NPOCTOPOBOI ByA0BM Ta KOMMNO3MULLK
Ha iX ocHoBi Ansa iMmmobinisauii 6ioNoOriYHO aKTUBHUX
CNONYK Ta NiKapcbKMx pedyoBuH» (2019-2022 pp.), PK
0119U001237.

Beryn. CyyacHi Xxipypria, yponoria Ta riHekonoria no-
TpebyoTb pPo3pobKM HOBUX BIONOMYHO AKTUBHMX MONI-
MEpPHMX MNiBKOYTBOPHOBA/NIbHUX MaTepianis 3i CTiINKMmM
QHTUMIKPOBHMMW BNACTUBOCTAMM, O/ BUFOTOB/IEHHA
KaTeTepiB, ApPEeHaKiB Ta Pi3HOMAHITHUX MNIBKOBUX MO-
KpWTTiB, WO byayTb 3abe3neyyBaTi NpUrHiYeHHs iHbeKLii
B Camomy BMpoBY Ta ocepesiKy 3ananeHHs.

MoniypetaHceyoBuHu (MYC) € nepcnekTMBHUMU Mo-
NiMEPHUMM  MaTepianaMn  MeLMYHOro 3acTOCyBaHHA.
Bigome ix BMKOPWUCTaHHA NpW CTBOPEHHI MOKPUTTIB Ha
panu [1], KaTeTepis, NpoTe3iB, WTYYHUX CYAUH [2], aHTU-
TpomboreHHMX BMPO6IB [3], NiATPUMYOUMX KOHCTPYKLLN
ONA W AKUX TKaHWH [4], B iHXKeHepii KicTKoBOT TKaHMHM [5]
ToWwo. 30Kpema, Ha ocHoBi MYC 3 ¢pparmeHTamm Kononi-
mepy N-BiHiANIpONIAOHY 3 BiHiNaAueTaTom Ta BiHINOBMM
CMUPTOM Y CTPYKTYpi po3pob/1eHO MPOTUMIKPOBHI nnis-
KOBI maTepiann 3 AeKaMeTOKCMHOM A/1A JlIKyBaHHA paH
Ta onikie [6], NniBKOBI MaTepianM 3 UMKIOCEPUHOM, K
NOKPUTTA AN1A NiKyBaHHA Ty6epKynbo3y LWKipu [7], aHTU-
MIiKpOGHi NniBKOBI maTepianu 3 TiamyniHpymapatom ans
BMIOTOB/IEHHA [pPeHaxiB B abaomiHanbHil Xipyprii [8],
KOMMO3WLiMHI maTepiann 3 Ni30UMMOM, 1A NiKyBaHHA
HeKpoTUYHMX paH [9, 10]. Ha ocHosi NYC 3 pparmeHTamm
Kononimepy noni(BiHiNGyTUpanb-BiHinaueTaT-BiHINOBUI
CNUPT) y CTPYKTYpi po3pobaeHo naiBKoBi maTepianu 3 ni-
3oummom [11, 12] Ak nokpuTTa Ans onikoBux paH [13].

Tomy, BpPaxOBYyKOUM BMLLE3a3HAYEHE, HA OCHOBI
MYC 3 ¢parmeHTamum Kononimepy nosi(BiHiNGyTMpans-
BiHiNALETaT-BiHINIOBUIA CMIMPT) Ta NOLOBNKYBA4Ya MAKpPO-
naHuora 1,6-rekcameTuneHaiamiHy y CTPYKTypi oTpuma-
HO KOMMNO3WULNHI MaTepianu, siKi MiCTATb Y CBOEMY CKNaAi
CpibOBMICHI KpemHe3eMHi HaHOKOMMO3WUTU Pi3HOTO
cknagy (02AgCu; AgCu; 01Ag) vy kinbkocTi 0,1, 0,5 Ta 1
mac. % [14].

Bubip cpibnoBmiCHMX KpeMHE3eMHUX HaHOKOMMO3K-
TiB — KOMMO3WUTIB, AKi MICTATb OKCMAM METaniB i HaHo4ac-
TUHKM MeTasniyHoro cpibna [15] Ak 6ioNoriYHO aKTUBHUX
HamnoBHOBaYiB 06yMOB/EHUI NPOSBOM aHTMbaKTepianb-
HWX BNACTUBOCTEN LLOAO HaMbiNbL NOWMPEHUX Fpammno-
3UTUBHUX | FPaMHeraTMBHUX HaKTepii.

KntouoBumuy BMMOrammn Ao nonimepHmx matepianis
MeZMYHOro NpM3HAYeHHs € BiocymicHicTb i BiACYTHICTb
TOKCUYHOCTI. ToOMy, 3 METO MOXK/IMBOCTI NOAANbLLOTO
BMPOBAAYKEHHA 3a3HAa4YEHNX MaTepianis B MeanyHy Npak-
TUKY, NocTasa HeobXigHiCTb B NpoBeAeHHi AOKNIHIYHUX
BMNpPOoBbyBaHb 3a3Ha4YEeHUX MaTepiais.

MeTolo fOoCniaXKeHHA € J0CNiAXEHHA LIMTOTOKCUY-
HoCTi Ta BiocymicHOCTI KOMMO3ULiMHMX MmaTepianis, Ha-
NOBHEHMX CPiBNOBMICHUM KpeMHe3eMHUM HaHOKOMMO-
3utom 02AgCu.

O6’ekT i metoam pocnigeHHa. O6’ekmamu po-
cnigxeHb O6ynM KOMMNO3WLiMHI MaTepiann Ha OCHOBI
MyC i3 ¢parmeHTamm Kononimepy nosi(BiHiNGyTMpanb-
BiHiNaLeTaT-BiHINOBUI CNMPT) | NOA0BMKYBaYa MaKpOaH-
utora 1,6-rekcameTnneHgiamiHy y CTPYKTYpi HanosHe-
HUX CPiBNIOBMICHUM KpeMHe3eMHUM HAHOKOMMO3UTOM
02AgCu y KinbkocTi 1% mac.

Memood Kynbmypu mKaHUH. MeTooM KynbTypu TKa-
HWUH 34JiACHIOBANWN AOCNIAMKEHHA LMTOTOKCMYHOCTI Ha
KYNIbTYPi TKAHWH NiALWKIPHO-KMPOBOI KNITKOBUHMU Nabo-
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PucyHoK 1 — MouaToK pocTy B KybTypi NiALWKIPHO-KMPOBOT KNITKOBUHM LWypiB Y pnaKoHi 3 KoHTposiem (a), NYC (6), Ta MYC+02AgCu (B).

paTopHUx 6innx wypis niHii Wistar, 1o 3a yMOB KynbTu-
BYBaHHS BUKAMKAE picT pibpobnactnuHmx i pibpobnacto-
noAibHux enemeHTiB [16]. KynbTypy TKaHWMH OTpUMYyBaAu
LWAAXOM EeKCNAQHTaLii LWMATOYKIB MigLWKipHO-KMPOBOI
KNITKOBUHM, AKI NOMiLanm y prakoHu Kappensa 3 }Kusub-
HOI CYMILILLIIO, LWLO CKNaJa€eTbca 3 cepegosumita 199 Tta
KypAaYoi nnasmu. Y GdnakoHW TaKOXK BHOCUN 3pa3Ku [0-
CNiAXyBaHWX NonimepHUX matepianis posmipom 0,5x0,5
CM, NOTIM A0AaBanM eMbpioHaIbHUIA EKCTPAKT Ta oaep-
YKYBanM 3rycToK naasmu (Teepay dasy). Micna dopmysaH-
HA TBepaoi ¢asu (10-15 xB.) BHOCUAN KUBUIbHE Ccepes-
oBuwe 199 Ta cMpoBaTKy BE/IMKOI poraToi xyaobu (pigka
¢dasa). KynbTMBYBaHHA NpoBOAMAM 3a Temnepatypu 37
oC. AIK KOHTPONb BUKOPUCTOBYBaIM GNIAKOHM 3 EKCMIaH-
TaTaMu NiAWKIPHO-KMPOBOT KNITKOBUHM 6e3 AoAaBaHHA
nonimepHux 3paskis. 3miHy pigkoi ¢asu KMBUAbHOIO
cepefoBULLa Ta AOCIAXKEHHA POCTY Ta PO3BUTKY KNITUH-
HUX eNeMeHTIB MiALKIPHOI KNITKOBMHM BinnX LLypiB AK B
KOHTPO/I, TaK i B 4OCNIAHMX 3pa3Kax NpoBoamMan Ha 3, 7,
10 Ta 14 poby KynbTMBYBaHHA. KynbTypu AocniarKysanm
nig, MIKPOCKONOM Y HaTMBHOMY CTaHi. 3 MeTO CTaHAap-
TM3aUji XapaKTepy POCTy Ky/bTyp iX 30HU Knacudikysanm
AK KOMMAKTHY, CITKONOAiOHY 30HM Ta 30HY MiFpyHOUMX KAi-
TUH, KpUTEPIEM ANA BUAINEHHA AKUX BYB XapaKTep po3Ta-
LWYyBaHHA 3pocTatounx GibpobaacTUUHMX eNeMEHTIB.
FicmonoeiyHi 0ocnidxceHHs. TictonorivHummM gocni-
OKEHHAMW 34iMCHIOBAIM BUBYEHHA KNITUHHUX PeaKLin
Ha IMNNAHTALI0 NONIMEPHMX MaTepianis, WO € BaXK/Iu-
BMM MOMEHTOM B OLLiHL, X BiocymicHOCTi. B acenTuyHmx
ymoBax 6ynun nposBedeHi MogenbHi onepadii no imnnax-
Tauii 3pasKiB B OpraHiam eKcnepMMeHTasIbHUX TBapWH
— nabopaTopHMX LLypiB NiHii Wistar (3aranbHa KinbKicTb
npoonepoBaHux TBapuH 40 wTyK, camui Baroto 180-220
r). Micna 0bpobKM onepaLiitHOro Nons NpPoBoAnau cyb-
KYTaZibHy IMMIQHTALiO NONIMEPHUX 3Pa3KiB y BUMNALI
MOHOITHUX NAIBOK po3mipom 10x10x2 mm eKcnepumen-
Ta/IbHUM TBapUHaM B 06/1aCTb Mi¥K/I0MNATOYHOrO NPOCTO-
py. Taka obnactb € ONTUMasIbHO ANA iIMNAaHTaLT Ta Xa-
PaKTepU3yETLCA MasIoK0 PYX/IUBICTIO | HEAOCTYMHICTIO ANA
CaMOIi TBapUHW, LLO 3BOAUTb A0 MiHIMyMYy PU3UK ii BTPY-

YaHHA B eKcrnepumMmeHTanbHU npouec. [locniaHi 3pasku
noniMepHUX MmaTepianis MOMILLAANCA B OPraHiam ekcne-
pUMeHTaNbHUX TBapuH 6e3 aoaaTkoBol dikcalii, Ana Bu-
K/IIOYEHHA BMNAUBY LIOBHOTO MaTepiany Ha paHOBWUIA Npo-
Lec. Bci maHinynauii 3 ekcnepmeHTasbHUMKU TBApPUHAMM
NPOBOANINCA Mifg, HAPKO30M, @ TaKOX i3 AOTPMMAHHAM
NPUHLMNIB, BUKNALEHMX B EBPOMEMNCHKIA KOHBEHLIT no
3aXMUCTy XpebeTHMX TBapWH, O BUKOPUCTOBYOTbCA AN1A
eKCrnepuMeHTaibHMX Ta iHWuX uinen [17]. TeapuH BUBO-
ONNN 3 ekcriepumeHTy Ha 7, 14, 30 Ta 90 foby nicns one-
pavii WaAXoMm rymaHHoi eBTaHasii. MonimepHi 3pasku 3
OTOYYHOUOIO CMOYYHO TKAHWHOO dikcyBanu B 10% pos-
YMHI popmaniHy Ta 3anmBanm B NapadiH nicna nposese-
HOI ricTo/ioriYHOi 06POOKM 33 CTaHAAPTHOO METOLMUKO
[18, 19]. 3pi3n ToBLWMHOW 10-12 MKm 3abapBatoBanu re-
MaTOKCUAIHOM i eo3nMHoM. OujiHKa biocymicHoCTi, a came
TKaHMHHY PeaKLilo OpraHiamy eKkcnepuMmeHTasIbHUX TBa-
PVH | MOXIMBI 3MiHW CTPYKTYPU AOCAIAKYBAHUX 3pa3KiB
nicna imnaaHTawii nonimepHMX matepianis nposogmnaca
LUNAXOM CBIiT/IOONTUYHUX JOC/IAKEHD Ta aHani3y rictono-
riYyHMX MikponpenapatiB Ha Mmikpockonax «Mikmeg-2»,
Carl Zeiss Primo Star, mikpodoTo3itomka npoBoguaaca 3a
ponomoroto Bigeookynapy Sciencelab 3.0 Ta poToanapa-
Ty Canon PowerShot A640. Mig, yac gocnigxeHb oujiHIo-
Ba/IM AK 3ara/ibHy peakKLito OpraHiaMmy eKcrnepumeHTasb-
HUX TBAPWH Ha IMMNJIQHTALi0 NOMIMEPHUX 3Pa3KiB, TaK i
CTPYKTYPY Ta MOPPOIOTito OTOUYIOUMX IMNIAHTAT TKAHMH.

Pe3ynbTatM [ocChigiKeHHA Ta iX 0o6roBopeHHs. 3
METO JOCNIAHKEHHA MOMK/INBOI TOKCUMYHOCTI CKIALOBMUX
OOCNIAXKYBAaHMX KOMMO3ULIAHMX MaTepianiB Ha picT Ta
PO3BUTOK KynbTypn GibpobaacTUUHUX enemeHTiB bynu
npoBefeHi AOCNIAXEHHA METOAOM Ky/NbTypU TKaHWH B
YMOBaX in vitro.

Mepwi O3HaKM POCTY, AKI MPOABAAAMCA MirpaLjieto
OAMHWUYHUX KNITUH BUTATHYTOT GOPMM, @ TAaKOXK OAUHMY-
HO MirpyrouMmmn ¢ibpobaacTUYHUMKN eNleMeHTamMu, Lo
Manu BepeTeHonogibHy Ta noniroHanbHy dopmy, fK B
KOHTPOJI, TaK i y AOCNIAHUX 3pa3Kax crnocTepiraanca oo
KiHUA 3 o6u (puc. 1a, puc. 1B). /Inwwe ana 3paska MNyC s

PUcyHOK 2 — PicT KynbTypu ¢pibpobnactis Ha 7 f06y KynbTMBYBaHHA Y GNaKoHi 3 KOHTponem (a), MYC (6), Ta MYC+02AgCu (B).
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PucyHoK 3 — Cnony4yHOTKAaHMHHA Kancy/a HaBKo/oO iMniaHToBaHoro 3paska NYC (a)
Ta MYC+02AgCu (6) Ha 7 aoby ekcnepumeHTy. 36.: x200.

NepPBUHHII 30Hi NONITOHANIbHUX KAITUH 6y10 3HaYHO BiNnb-
Le, HiX y KoHTponi (puc. 16).

Ha 7 poby y ¢nakoHax Kappens 3i 3paskamu, siK i B
KOHTPOJI, N/OWi poCTy NpeAcTaBAeHi TPbOMa 30HaAMM:
KOMMaKTHOIO, L0 CKAAAAETHCA i3 KNITUH BEpeTeHonosi6-
HOI Ta nosiroHanbHoi Gpopmu, ciTKonoaibHoto, WO cKNa-
LAETbCA 3 NYYKIB i TAXKIB KNITWH, AKi pO3TaLLIOBaHI CiTKOMO-
Ai6HO Ta 30HM Mirpytoumx ¢ibpobaacTUYHUX enemeHTiB
(puc. 2a, puc. 26, puc. 28).

Ha 10 poby BuMnpobyBaHb 36inblUMANCA 30HU KOM-
NaKTHOI, CITKONOAIOHOI Ta 30HW MIrpPipPYHOUMX KAITUH.
[na Bcix gocnigHux 3paskis, Kpim MYC cnocrepiraetbea
TKaHWHHONOAIBHMI picT. Y dnakoHax i3 3paskom [YC
BMAB/IEHO O3HAKM AereHepaTMBHUX 3MiH ¢ibpobnacTny-
HUX i ¢pibpobracTononibHMUX KAITUH B KOMMAKTHINW i CiT-
KOMoAibHil 30Hax. Y ¢nakoHax 3 3paskom MYC+02AgCu
3HaYHO 36inbWKMAACA NAOLWA TKAHMHHONOAIBHOrO pocTy
dibpobnactnuHmnx enemeHnTis. LLinbHicTb ¢dibpobnacTis
3anuMwwanaca 6inbl BMpaXKeHa B 30Hi KOMMAKTHOrO Po3-
TaWwyBaHHA KAiTMH. O3HaKN gereHepaTUBHUX 3MiH OKpe-
MWX KNITUH CNOCTEPIratoTbCa TiIbKM B KOMMaKTHIM 30Hi.

Ha 14 noby gocnigyKeHHs KNiTMHHA Nonynsauis BCTy-
nae y ¢asy gereHepauii, WO NPOABAAETbLCA B 3HAYHIl Ba-
Kyoni3auji LMTon1asmm Ta 3epHUCTOMY NepepoaKeHHi i
B KNITUHAX AK Y JOCNIAHUX, TaK i B KOHTPObHMX 3pa3Kax,
LLIO XapaKTepHO 41A AAaHOro TepPMiHY LLEl KynbTypu. Aney
¢dnakoHax 3 nonimepHUMM 3paskamm MYC+02AgCu Ha 14
n06y, He3BaXKalouM Ha AereHepaLito KyaAbTypw, Y 30Hi Mi-
rpipytoumx ¢ibpobnactis npucyTHi HOBI BepeTeHonoAibHi
Ta NONIrOHANbHI KNITUHW.

TakuMM ynHom 6yno BCTaHOBAEHO, WO 3a 14 Aib Kynb-
TUBYBaHHA B KMBW/bHE CeEpefoBULLE HE HAAXOAMNO
NpoayKTiB biogerpagadii 3 noniMepHUX 3pasKiB i BOHK
He BUABNANM TOKCUMYHOTO edeKTy Ha KAITUHU TKAaHWUHHOI
KYNbTYpU.

Mpy pocnigskeHHi BGiocymicHOCTi monimepHUX Ma-
Tepianis ocobanBe 3HaYeHHA MatoTb NMPOLLECK, LLO Bid-

PUcyHOK 4 — CNoNy4yHOTKAaHMHHA Karncy/ia HaBKO/O iMNaHToBaHoro 3paska NYC (a)
Ta MYC+02AgCu (1% mac.) (6) Ha 14 noby ekcnepumeHTy. 36.: x200.

OyBaloTbCA MpU iMNAaHTauil B
OpraHiam ekcrnepmmeHTaNbHUX
TBAPWH, aHani3 KAITUHHUX pe-
aKujih Ta oujHKa 6ionoriyHoi
besneyHocTi maTepianis  npwu
iX [O0BroCTPOKOBOMY KOHTaKTI
3 bionorivHum cepegoBULLEM.
Tomy, npoBeggeHi TriCTONOriIYHI
DOCNIAXKEHHA B YMOBAX in vivo.

LUloaeHHa Bi3yasnbHa OLiHKa
peakuji enitenito Ha onepawijin-
HOMY MiCUj NOKasana, Wo paHa
3arotoBasiaca npotarom 3 4i6
nicna onepauii 6e3 03HaK 3a-
nanbHoi peakuii. 3a mopdono-
rYHUMM O3HAKaMW He ByNO BUABNEHO AereHepaTUBHUX
3MiH, NYX/IMH, HEKPO3Y TKAHUH Hi Y KOPOTKOYACHOMY, Hi
y BigdaneHomy nicnaonepadiinHomy nepiogi. MpoTtarom
BCbOrO 4acCy eKCNnepuMeHTy IMMJIQHTOBaHi MaTtepianu
nanbnyBaUCA Yepes LWKipy TBapuH. ImnaaHTauia gocni-
[)KYBaHMX 3pasKiB He BMK/IMKaa arpecii Ta 3miH y nose-
LOiHL eKcnepuMeHTaIbHUX TBAPWH.

MaKpoCKoniYHO HaBKO/IO iMMNIAHTOBAHMUX 3pasKiB Ha
BCiX TepMiHax AOCNIAXKEHHA BUABAAMACA CMONYYHA TKa-
HWHa, AKa Byna WinbHO 3'€4HAHA 3 MOBEPXHEID IMMNaH-
TOBAHWX 3Pa3KiB, 38 KO/IbOPOM i CTPYKTYPOLO He Bigpi3HA-
Naca Big, TKAHMH NoAani Big micua imnnaHTawii.

OcHOBHa yBara nNpwW aHanisi ricToNOrivYHMX MiKpO-
npenaparis 3BepTasacA Ha O3HAKM PO3BUTKY 3anasnbHUX
ABMLL, B 30Hi iMMNIaHTaLii NONIMEPHUX 3Pa3KiB Ha MeXi
«iIMNAAHTAT — TKAHUHa».

Ha 7 poby nicna onepauii HaBkoso 3paskis MYC cno-
cTepiranaca AOBO/I He3pifa CNONYYHOTKAHMHHA Kancyna,
AKa BiAMeKOBYBaa iIMNNAHTOBAHUI 3pa3oK NOAIMEPHO-
ro matepiany BiZ OTOYYHUMX TKAHUH. KNITUHHWIA cKnag,
Kancynv bys npeacTaBieHuii, B OCHOBHOMY, eiKoLUTa-
MK (nonimopdHosaepHUMM HelTpodinammu) Ta nimdo-
uutamu (puc. 3a). Ha okpemux ginsiHkax cnocrepiranacs
6inblu 3pina Kancyna, OCHOBHUMMU KNITUHHUMU enemeH-
TaMu AKoi Byn cMHTETMUYHO aKTuBHI ¢ibpobnactu, Wwo
3HaXoAWIUCA B TOBLL MyYKiB KONAareHoBMX BONOKOH. Ha
OaHOMY TepMiHi JOCNiAXKEHHA TaKoX bynn npeacTasne-
Hi MOHOLMTapHO-MaKpodaranabHi eN1emMeHTU Y BeMUKil
Ki/IbKOCTi, WO CBiAYMIO NPO aKTMBaLit0 parouuTapHMx
NPOLECIB B 30Hi PO3MILLLEHHA iIMNAaHTaUiiHOro marepi-
any. Cnocrepiranmca KPOBOHOCHI CyAuMHM B HEe3HauHil
KifIbKOCTi 6€3 NopyLLeHb MIKPOLMPKYNATOPHMUX NPOLLECIB.

Ha 7 noby HaBKoM0 nonimepHMx 3paskis MYC+02AgCu
TAKOX crocTepiranaca Hespifia CnoNyYHOTKAHMHHA Kar-
Cyna, AK i HaBKOJ10 3pa3kKiB 6e3 cpibia. XapaKTepHoto ans
[aHOro TepMiHy gocnigxeHHA byna iHoinbTpauia Kpyr-
NOKNITUHHUMU eNleMeHTamu, B
OCHOBHOMY JNeKoumuTamn (no-
NimopoHOSAEPHUMM  HEUTpPO-
dinamu) Ta nimdpoumtamm (puc.
36). /ToKkanbHO BMABNANUCA BOT-
HUWA  MOHOUMTAPHO-MAKpO-
daranbHUX KNITUH. Ha okpemmx
AinAHKax cnocrepiranacs 6inblw
CTPYKTYpOBaHa Kancyna, Lo
MICTU/Ia CUHTETUYHO aKTUBHI Oi-
6pobnactn Mix pAagammn ny4kis
KOJIareHOBMX BOJIOKOH, Hanpas-
JNIEHNX B340BX IMM/IAHTOBAHO-
ro 3paska. KpoBOHOCHI cyanHu
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6ynu npeacTaBeHi B HE3HAYHIMN
KifIbKOCTi 6€3 03HaK MopyLleHb
MIKPOUMPKYAATOPHUX NpoLecis
B HUX.

Ha 14 poby nicna onepauii
HaBKos10 3paskis MYC cnocTepi-
ranaca TOHKa Ta 3pina cnonyy-
HOTKaHMHHA Kancyna. B nopis-
HAHHI 3 nonepeaHim TepMiHOM
[OCNioXKeHHA BigbyBanoca
3MEHLUEeHHA iHTeHCUBHOCTI HeW-
TpodinbHOi Ta nimdboumuTapHoI
iHpiNbTpay,i. IHTEHCUBHICTL MO-
HOLMTapHO-MaKpodaranbHoi
peakLii TakoX 3meHLlyBanacs,
O CBiAYMNO MPO aKTUBALjO nponidepaTUBHUX Npoue-
ciB. Ha okpemmx ginAHKax Kancysim cnoctepiraamca mo-
nogai popmum dibpobnactnuHmx enemeHTis i dibpobnactn
BepeTeHOoMNoAibHOI Gpopmu, LLO /eXKanu B TOBLU NyYKiB
3piNNX KoMareHOBUX BOJIOKOH. lNopAg, 3 Kancy/or B OTo-
YytoYili CMOMYYHIN TKAaHWHI cnocTepiranacs BeiMKa Kisb-
KiCTb KDPOBOHOCHWX CYAMH, B MOPIBHAHHI 3 monepegHim
TEPMIHOM [AOCANIAXKEHHA, X NPOCBIT 36inblUyBaBcA, ane
BCi BOHM XapaKTepu3yBaiMca HOPMaabHOK MIKPOLMPKY-
nAauieto. Ha He3HaYHOMY ocepenKy TaKoi CNoay4vHOI TKa-
HWUHW NopPAS, 3 Kancyn0t0 XapaKkTepHoto byna niasuweHa
NPOHMUKHICTb KaninApis Ta BEHy, WO NPM3BOLMIO A0 /10-
KasbHOI remopariyHoi ekcygauii (puc. 4a).

Ha 14 no6y HaBKon0 nonimepHux3paskis NMYC+02AgCu
cnocTepiranoca ¢opmMmyBaHHsA 6inblL TOHKOI Ta 3piaoi cno-
JIYYHOTKAHWHHOI Kamncy/M, HiXK Ha monepegHbomMy Tep-
MiHi gocniaxkeHHa. Kancyna cknaganaca 3 CUHTETUYHO
aKTUBHUX PibpobAaCTiB, WO 3HAXOANNCA B TOBLL MYyYKiB
3PiNIMX KONAreHOBUX BOJIOKOH, HanpasaeHMX B3J0BXK iMn-
JIAHTOBAHOrO 3pa3Ka. Ha HeBeNnuKMX OKpemux AinaHKax
crnocTepirasiacA MeHL 3pina Ta CTPYKTypOBaHa Kamncyna,
KNITUHHWUIA CKNag, AKoi 6yB npeacTaBAeHUA He3HAYHUMM
BOTHULLIAMM NeNKoUUTIB (NoNiMOpPPHOAAEPHUX HENTPO-
®inis), a TaKOXK MOHOLUTAapPHO-MaKpodarasbHUX KNITUH
3 ¢darounTapHoto aKkTUBHiCTIO (puc. 46). KinbkicTb Kpo-
BOHOCHWUX CyaMH Byna HE3HAYHOH, MIKPOLMPKYAATOPHI
npoLecu B HUX bynn 6e3 nopyLueHb.

Yepes 30 aib nicna onepaduji HaBkono 3paska MYC
crnocTepiranaca AOCTaTHbO 3pisia CNOAYYHOTKAHMHHA Kan-
Cyna, KNITMHHUI CKNag, AKoT byB NpeacTaBAeHUI IOKab-
HUMM OcepesiKaMM MOHOLMTapHO-MaKpodaraibHuX ene-
MEHTIB, HE3HAYHOIO SIEMKOLMTAPHOLO Ta NiMbOLUTAPHOO
iHinbTpauiamn. Ha iHWKX ginsHKax Kancyau cnocrepira-
JINCA MYYKM 3PpiNnX KONareHoBUX BOJIOKOH Ta ¢ibpobnac-
TiB BepeTeHonoAibHoi popmu mixk HUMK (puc. 5a), LWwo
AKTMBHO CUMHTE3yBann KonareH. Cnocrepiranaca peayKLis
KPOBOHOCHWX CyAMH B MOPIB-
HAHHI 3 nonepeaHim TepMiHOM
pocnigxeHHAa. MikpounpKyna-
TOPHI npouecn B cyamHax byam
6e3 nopyLueHb.

Yepes 30 ai6 HaBKosO 3pas-
Ka MYC+02AgCu cnocTepiranaca
CMONIYYHOTKAHWHHA  Kancyna,
wo byna pi3HOK 3a CTyneHem
3PiNOCTi Ha BCil CBOI NPOTAXK-
HOCTi. Ha ogHWX AinAHKax BOHa
CKNnaganaca 3 My4ykiB 3piimx
KOJIareHOBMX BOJIOKOH i CUHTe-
TUYHO aKTUBHUX ibpobnacTis

PUCYHOK 5 — CnoNy4yHOTKaHMHHA Kancyna HaBKo0 iMniaHToBaHoro 3paska NYC (a)
Ta MYC+02AgCu (6) Ha 30 goby ekcnepumeHTy. 36.: x200.

Mi*K HUMMW, OPIEHTOBAHMX B34,0BXK iMNIAHTOBAHOIO MaTe-
piany. Ha iHWKX ginAHKax Kancyam cnocrepiranaca Kpyr-
JIOKNITUHHA iHOINbTpaLis, NpeacTaB/eHa, B OCHOBHOMY
NevikouuTaMm, BUPaXKeHa MOHOLMTapHO-MaKpodaraib-
Ha peakuis, a Takox monoai dopmu dibpobnacTyHmx
enemeHTiB Ta ManoambepeHLinoBaHi KNITUHHI eneMeHTH
(puc. 56). IHTEHCMBHICTb MOHOLMTapHO-MaKkpodaraabHoi
peakLuii 6yna BUCOKOIO, LLLO CBiAYMNO, IMOBIPHO, NPO aK-
TUBHUIA GarounTapHUii NPOLEC B 30HI PO3MILLLEHHS iMn-
naHTaTty. KpoBOHOCHI cyAMHW 6ynmn npeacTaBneHi B He-
3HAYHIN KinbKOCTi, 6e3 nopyleHb MIKPOUMPKYIATOPHMUX
NpoLECiB B HUX.

Yepes 90 aib nicns onepauii HABKONO iMMNIAHTOBAHO-
ro 3paska MYC cnoctepiranocs 36inbleHHA TOBLWWHK Ta
LiNIbHOCTI CMONYYHOTKAHMHHOI Kancy/an 3a paxyHOK aK-
TUBHOTO cUHTe3y ¢ibpobracTamm KonareHoBUX BOIOKOH
Ta iHWWX KOMMOHEHTIB EKCTPaLLe/toIAPHOIO MaTpPUKCy.
Mpy ubOMy cama Kamcyna mMasa BUMCOKMIM CTymiHb 3pi-
NOCTi NO BCilA CBOIM NPOTAXKHOCTI Ta CKNAZaNACA 3 NyYKiB
XBUSICTUX KONAareHOBMX BOJIOKOH 3 BEpPeTeHONOoAibHUMM
dibpobnactamm mixk HUMK (puc. 6a). Ha okpemux ainax-
Kax Kancyam XapakTepHUMM Oynn He3HauHi ocepenKku
KPYIOKNITUHHOI iHGINbTPaL,i, B OCHOBHOMY, /leMKoUU-
TapHOI, Ta ACKPABO BMPaxKeHa MakpodaranbHa peakuis.
Ha paHomy TepMmiHi AOCNIAKEHHSA KiNbKiCTb KPOBOHOCHMUX
cyamH byna He3HauyHow. MiKpounpKyasaTOpHI npouecn B
cyamnHax bynm 6e3 nopylueHsb.

Yepes 90 pai6 HaBKONO iMNIaHTOBAHOro 3paska
MYC+02AgCu cnocTepiraiaca A0Boi TOHKa i 3pina crno-
JIYYHOTKAHWHHA Kamncyna, Wo CKAaAanaca 3 Mnyykis XBu-
NACTMX KONAreHoBMX BOJIOKOH Ta BepeTeHonoaibHux oi-
6pobnactiB mixk HUMK (puc. 66). Ha okpemux AinsAHKax
Kancy/au xapakTepHMMu ByinM He3HauHi ocepenKun Kpyr-
JIOKNITUHHOI iHINbTPaLi, AK i HaBKono 3paskis MYC 6e3
cpibna. KpoBOHOCHI cyanHu 6ynun npeactaBneHi B He3Ha-
YHil KiNbKOCTi 3 HOPMa/IbHOK MIKPOLMPKRYASALLIE.

PUcyHOK 6 — Cnony4YHOTKaHMHHA Kancyna HaBKONO iMniaHToBaHoro 3paska NYC (a)
Ta MYC+02AgCu (6) Ha 90 n06y ekcnepumeHTy. 36.: x200.
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OT)Ke, NpoBeeHi FCTONOrIYHI AOCNIAXKEHHA MOKa3a-
NN, WO iMNAaHTaLif AOCAIAXKYBaHMX 3pa3KiB B OpraHiam
€KCMepPUMEHTaIbHUX TBApUH MPUBOAWIO OO PO3BUTKY
KNITUHHWUX peakuii TUNOBMX A1 acenTUYHOro 3anasieH-
Hs, 6€3 O3HAK roCTPMX 3aMafibHUX Ta iHLWMX PEaKTUB-
HUX NpoLLeciB. IMNNaHTaLia KOMNO3ULMHMX MaTepianis
NYC+02AgCu npmu3BoamMna 40 CXOXMUX 32 CBOED Mopdo-
NIOTIEID KNITUHHUX pPeaKLUii, Lo pPO3BMBA/IMCA HABKO/O
3pa3kiB MYC. KniTMHHI peaKuii Ha imnaaHTauito gocni-
OXKYBAHMX 3PA3KiB BXKE HA PaHHIX TepMiHax AOCNiAXKeH-
HA Bynn HanpasneHi Ha GopmyBaHHA «Bap’epHUX» cno-
JNIYYHOTKAHUHHUX Kancyn i 6yan He3HaYHMMK 33 CBOEHD
iHTeHcMBHIcTIO. CnocTepiraanca, B OCHOBHOMY, SIOKa/bHi
KPYIOKANITUHHI iHiNbTpauii. CTyniHb A03piBaHHSA Kancyn
3a/IMLWIABCA HEBUCOKMM Ha MOYATKOBMX TEPMiHAX cnocTe-
perkeHHA. Ane cnoctepiranaca 3arajbHa TeHAEHUiA A0
bopMyBaHHA TOHKMX i 3pinux Kancyn Haskono MYC, Tak
i HaBkono MYC+02AgCu, wo cknaganucsa 3 ¢pibpobnactis
Ta Ny4KiB 3PiNNX KONareHOBWUX BOOKOH, PO3TaLLOBaHUX
B340BX iMMNAaHTOBaHMX 3pas3kiB. Mpn LuboMy Maike Ha
BCiX TEpMiHaxX AOCAiAXKEeHHA CnOCTepiranoca 3poCTaHHA
Ki/IbKOCTi MOHOHYKNeapHUX KNiTMH (Makpodaris), Ha-
npasBineHe Ha peanisauilo  3aXMCHO-KOMMNEHCATOPHUX

MEXaHi3MiB OpraHiamy y BignoBigb Ha NPUCYTHICTb Yy»KO-
piaHoro Tina. BcTaHOBNEHO, WO cpib/soBMiCHUIA Kpem-
He3eMHMWI HAHOKOMMNO3UT Y CKNaZAi NONIMEPHUX 3pasKiB
CYTTEBO He BN/MBaAM Ha nepebir KNITUHHUX peaKL,in npu
iMnNNaHTaLLi, Ta CYTTEBO He BiAPI3HANUCA Bifg, KNITUHHUX
peaKLi HaBKONO MoniMepHMX 3paskiB 6e3 cpibnosmic-
HMX HAHOKOMMO3MUTIB.

BMUCHOBKU. TakMm YMHOM, 3a pesy/abTaTamu A0CAi-
OKeHb KyNbTYpU TKAHMH MOXKHa 3p0bUTU BUCHOBOK NPO
BiACYTHICTb MCTOTOKCUYHOIO BMIMBY AOCANIAKYBAHUX Ma-
Tepianis MYC i MYC+02AgCu (1% mac.) Ha Ky/lbTMBOBaHi
KNiTHW. TicToNoriyHMMM BUNPOBYBaHHAMM MOKa3aHo,
LLLO MONIMEpPHI 3pa3Kn Main AOCUTb BUCOKMI CTyMiHb bio-
CYMICHOCTi Ta NMOCTyrnoBO bGioiHTerpyBaamcs B NiAWKipHy
CNONYYHY TKAHUHY Y BUMNALI apeaKTUBHOI iHKancynauii
CMOYYHOI TKAHWMHO. JocniayKyBaHi KOMMNO3ULiNHI Ma-
Tepiann MoxyTb ByTM 3aNPONOHOBaHI 417 BUKOPUCTAHHA
B Pi3HWUX ranysax MeguLmHU.

MepcnekTuBM noganblunx gocnigkeHb. OCKiNbKY 3a
pe3ynbTaTamu AOKAIHIYHMX AOCNiAKeHb KOMMO3MLMHI
maTepia/iv HanoBHeHi CpPibJIOBMICHUM KpeMHEe3eMHUM
HaHOKOMMO3WUTOM € 6e3NeYHNUMM, B NOAA/bLIOMY MAaHY-
€TbCA NPOBEAEHHSA KAIHIYHMX BUNPOOYBaHb.
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BUBYEHHA BIOCYMICHOCTI KOMMNO3ULIMHUX MATEPIA/IB, HAMOBHEHUX CPIBIOBMICHUM KPEM-
HE3EMHUM HAHOKOMMNO3UTOM

BicnorysoBa T. B., Kynew [1. B., PoxkHoBa P. A., lanateHKo H. A., Hapaaiiko J1. ®.

Pe3tome. CyyacHa meauumnHa noTpebye HOBMX NOAIMEPHUX MATepianiB AN BUTOTOB/EHHA KaTeTepis, ApeHaxkis
i Pi3HOMaHITHMX MNIBKOBUX MOKPUTTIB 3i CTIMKMMMU aHTUMIKPOBHMMM BIACTUBOCTAMM, WO byayTb 3abe3neyysBaTtu
NpUrHiYeHHa iHpeKL,ii B camomy BMpoby Ta ocepeaky 3ananeHHA. OCKiNbKM OCHOBHUMM BUMOFamMM 40 NOAIMEPHUX
maTepianisB MegMyYHoOro Npu3HayYeHHsa € 6iocyMmicCHICTb i BiACYTHICTb TOKCMYHOCTI, MOCTA€E HEOOXIAHICTb Y NPOBEeAEHHI
OOKNIHIYHUX BUNPOBYBaHb.

Memotr pobomu € poCnigKeHHA UUMTOTOKCUYHOCTI Ta BiocyMicHOCTI KOMMO3ULIMHUX MaTepianiB HaNnOBHEHMX
Cpi610BMiCHUM KpeMHe3eMHUM HaHokomno3nuTom 02AgCu.

06’ekm i memoou OocnioreHHA. O6’ekTamMmn gocnigKeHHA By KOMNO3ULiMHI MaTepiann Ha OCHOBI noJiype-
TaHceyouH (NYC) 3 dparmeHTamu Kononimepy noni(BiHiNGyTUpanb-BiHiNaLeTaT-BiHiNOBUIA CNMPT) Ta NOAOBKYBaya
MaKponaHutora 1,6-rekcameTuneHgiaMiHy y CTPYKTypi HANnOBHEHUX CPiBAOBMICHUM KpeMHE3eMHUM HaHOKOMMO-
3uTom 02AgCu y KinbkocTi 1% mac. JocnigKeHHs LMTOTOKCUMYHOCTI 34iMCHIOBAaAN METOAOM Ky/NbTYPU TKAHWH Ha
KYNbTYPi TKAHUH NiALWKIPHO-*KMPOBOI KNITKOBUHM NnabopaTopHuMx 6inmnx wypis B ymosax in vitro. JocaigxeHHs 6io-
CYMICHOCTi 34iMCHIOBANN FICTONOTIYHUMM BUNPOBYBAaHHAMM LINAXOM BUBYEHHA KNITMHHWUX PeaKLii Ha imnaaHTaLio
nonimepHUxX martepianis B ymoBax in vivo.

Pe3ynemamu. 3a pe3ynbTaTaMmn NPOBEAEHUX AOCNIAKEHD KYNbTYPU TKAHUH MOXKHa 3p06UTM BUCHOBOK MpPO BifA-
CYTHICTb FiCTOTOKCUYHOTO BNAMBY A0CaiaKyBaHMx MYC i KOMNO3ULiHMX MaTepianiB Ha iXx OCHOBI HAMOBHEHMX Cpi-
6/10BMiCHUM KpeMHe3eMHUM HaHOKOMMNO3UTOM Ha Ky/NbTUBOBAHI KAITUHU. lcToNOrYHUMM BUNPOBYBaHHA NoKasa-
HO, WO MOAIMEepHi 3pa3ku Maaun AOCUTb BUCOKUI CTyNiHb BiocymicHOCTI.

BucHosKu. [locnipyBaHi KOMMNO3MLiMHI MaTepiasn HanoBHEHI CPiIBNOBMICHUM KPpeMHE3EMHMM HAaHOKOMMNO3K-
Tom 02AgCu y KinbKocTi 1 % mac. € 6e3neYyHnMm Ta MOXKyTb BYTM 3aNPONOHOBAHI A/19 BUKOPUCTAHHSA B PiSHUX rany-
3AX MeAULUHMN.

Kntouosi cnoBa: KomnosuuiiiHi maTtepianu, cpibNOBMICHUIA KpeMHE3EeMHUIA HAHOKOMMO3UT, KyNbTypa TKaHUH,
imnnaHTauis, 6iocymicHicTb.

STUDY OF BIOSCOMPATIBILITY OF COMPOSITE MATERIALS FILLED WITH SILVER-CONTAINING SILICA NANO-
COMPOSITE

Vislohuzova T. V., Kuliesh D. V., Rozhnova R. A., Galatenko N. A., Narazhayko L. F.

Abstract. Modern medicine needs new polymer materials for the manufacture of catheters, drains and a variety
of film coatings with resistant antimicrobial properties that will ensure suppression of infection in the product and
the focus of inflammation. Since the main requirements for medical polymer materials are biocompatibility and
non-toxicity there is a need for preclinical tests.

The aim of the work is to study the cytotoxicity and biocompatibility of composite materials filled with silver-con-
taining silica nanocomposite 02AgCu.

Object and methods of research. The objects of the study were composite materials based on polyurethan-
eureas (PUU) with copolymer fragments of poly(vinyl butyral-vinyl acetate-vinyl alcohol) and macrochain extender
1,6-hexamethylenediamine in the structure filled with silver-containing silica nanocomposite 02AgCu in the amount
of 1 wt. %. Cytotoxicity studies were performed by tissue culture method on the culture of tissue of subcutaneous
fatty tissue of white laboratory rats in vitro. Biocompatibility studies were performed by histological tests by study-
ing cellular responses to the implantation of polymer materials in vivo.

Results. According to the results of tissue culture studies it can be concluded that there is no histotoxic effect of
the investigated PUU and composite materials on their basis filled with silver-containing silica nanocomposite on
cultured cells. Histological tests showed that the polymer samples had a fairly high degree of biocompatibility.

Conclusions. The investigated composite materials filled with silver-containing silica nanocomposite 02AgCu in
the amount of 1 wt. % are safe and can be proposed for use in various branches of medicine.

Key words: composite materials, silver-containing silica nanocomposite, tissue culture, implantation, biocompat-
ibility.
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