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Abstract. The development of new promising materials of three-dimensional structure from available bioresorbable, biointe-
grable and biocompatible polymers is in demand and relevant in connection with the intensive development of regenerative
medicine. In this work, hydrogels of the grafted copolymers of methyl methacrylate/butyl acrylate onto a mixture of collagen
and pectin were obtained during photocatalysis in the presence of a complex oxide RbTe, sW, s0¢. The characteristics of the
synthesis products were obtained by gel penetrating chromatography, elemental analysis, electron microscopy, and biological
biocidality tests. The collagen content in an amount of less than 40%, the microstructure of the polymer in the form of a
fine-mesh, and the biocidity of the sample films were established. The polymer product was identified on the catalyst surface
after the separation of the oxide powder from the aqueous dispersion. The main advantage of such materials is the unique
combination of properties of their components assembled into a specific structure. The advantages of the obtained material
include, among other things, the environmental advantage of the initial components - natural renewable raw materials:
collagen was isolated from cod processing waste, pectin from fruit and vegetable processing waste.
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CUHTE3 TPeXMepHbIX MaTpUL, Ha OCHOBE NPUBUTBIX CONMOAMMEPOB
KOAAAreH-neKTUH-NOAMAKPUAAT C UCNOAb30BaHMEM POTOKaTaAU3a
B NPUCYTCTBUU CAOXKHOIo okcupa RbTe; sW, 50
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AHHOTaumsA. Pa3paboTka HOBbIX NEPCNEKTUBHbIX MaTepPHar0B TPEXMEPHOH CTPYKTYPbI U3 AOCTYMHbIX 6MOPE30POMPYEMBbIX,
BUOMHTErPUPYEMbIX 1 BMOCOBMECTUMbIX MOAMMEPOB BOCTPeOOBaHa 1 aKTyaAbHa B CBA3M C MHTEHCUBHbIM Pas3BUTUEM
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pereHepaTuBHON MEANLIMHBI. B AaHHOM paboTe rMaApOreAu npuBUTLIX MOAMMEPOB METUAMETaKpUAaTa,/byThAaKpuAaTa Ha
CMECb KOAareHa 1 neKTuHa ObIAM MOAyHYEHbI B XOAE POTOKaTaAM3a B MPHUCYTCTBUM CAOXHOI0 okcnaa RbTe; sW,, s06. Xapak-
TEPUCTHKM MPOAYKTOB CUHTE3a BbIAM MOAYYEHbI C MOMOLLbIO reAb-MPOHUKAKOLLEN XpOMaTorpadum, SAEMEHTHOro aHaA13a,
ANEKTPOHHOKN MUKDPOCKOMMU U BUOAOrMUYECKMX TECTOB Ha BMOLIMAHOCTb. BbIAO YCTAHOBAEHO COAEDXaHUE KOAAareHa B
KoAmnuecTBe meHee 40%, MUKPOCTPYKTYpa NoAMMepPa B BUAE MEAKOSIUEUCTON CETKM 1 BUOLIMAHOCTL 06pa3LI0B NAEHOK.
[MoAuMEpPHBbI MPOAYKT ObiA MAEHTUPULIMPOBAH Ha MOBEPXHOCTU KaTaAM3aTopa MoCAe OTAEAEHUS MOPOLLKA OKCUAA OT
BOAHOM ancnepcun. OCHOBHbBIM MPENMYLLLECTBOM TakMX MaTtepuanoB SBASIETCS YHUKaAbHOE COYETaHUE CBOMCTB MX
KOMIMOHEHTOB, COBPaHHbIX B ONPEAEAEHHYIO CTPYKTYPY. K npenmyLLecTBaM NOAYYEHHOro Matepuana OTHOCUTCS B TOM
YncAE SKOAOTMYECKasl LIEHHOCTb MCXOAHBIX KOMIOHEHTOB — HaTypaAbHOro BO30OHOBASIEMOrO ChIpbS: KOAAAreH ObiA
BbIAEAEH 13 OTXOAOB NepepaboTku TPECKU, MEKTUH — M3 OTXOAOB NepepaboTkm GPYKTOB 1 OBOLLIE.

KnroueBble cAoBa: pbiOHbIN KOAAGreH, MEKTUH, KOMIAEKCHBbIN OKcna RbTe; sWy, 506, pOTOKaTaAM3, MprUBHUTOL COMOAMMED,
TpEXMEpPHas maTpuua

®uHaHcupoBaHume. AaHHas paboTa BbINOAHEHA NPU MoAAepXKe MuHucTepcTBa 06pa3oBaHUsl U HayKu POCCHIACKOM
®epepaumnu (3apaHne FSWR-2023-0024) Ha 06opyaoBaHum LIeHTpa KOAMEKTUBHOIO MoAb30BaHMs «HoBbIe MaTepuanb
n pecypcocbeperarouime TexHoOAOrMm» (HUXeropoACKmii rocyaapCTBEHHbIN yHUBepcuTeT uM. H.U. AobayeBcKoro).

Ans untupoBaHus: Cemenbluea NA.A\., NMpopaesuy B.B., PymsaHuesa B.O., ®yknHa A.T., KoparuH A.B., BareTtoBa H.b.
[v ap.]. CMHTE3 TPEXMEPHbIX MATPUL, Ha OCHOBE MPMBUTBIX CONMOAMMEPOB KOAAATEH - MEKTUH -~ MOAMAKPUAAT C UCMOAb-
30BaHMeM $oToKataAmM3a B MPUCYTCTBUKU CAOXKHOrO okchaa RbTe; sW, 506 // M3BecTua By30B. lNpukaaaHas XMmua

n 6ruotexHonorua. 2024, T. 14. N 4. C. 556-566. DOI: 10.21285/achb.951. EDN: YOETUS.

INTRODACTION

The three-dimensional supramolecular structure is
characteristic of biological origin macromolecules, such as
proteins, nucleic acids or carbohydrates. It is known that
the shape and conformation of macromolecules and the
interaction between their components play an important
role in their functioning and interaction with each other
and determine the active sites where processes occur that
allow macromolecules to bind to other molecules, such
as enzymes, receptors or drugs [1]. Artificial modeling of
three-dimensional structures from available bioresorbable,
biointegrable and biocompatible polymers has become
one of the most developing areas of scientific research
in polymer chemistry. It is due to the practical aspects of
using such structures in regenerative medicine, targeted
drug delivery, etc. Nowadays, there are several approaches
to creating three-dimensional structures based on fibrillar
macromolecules of synthetic and natural origin: strategies
of double mesh, double crosslinked or interpenetrating
nets, chemical modification due to covalent and non-
covalent interactions along the bonds involved in these
mechanisms [2-4].

Chemical crosslinking is an important step to give
satisfactory properties to collagen-based materials. There
are several comparative studies on the crosslinking of
collagen-based fibrillar gels, which are preferred biomaterials
due to properties similar to native tissues with various
crosslinking agents [5, 6]. The main advantage of such
materials is the unique combination of properties of their
components assembled into a specific structure. The
advantages of the new material include the environmental
advantage of the initial components - natural renewable
raw materials: collagen was isolated from cod processing
waste, pectin from fruit and vegetable processing waste. The
literature provides examples in which pectin can act as a
compatible component of collagen in the production of three-
dimensional matrices, but the process requires optimization
for specific compositions [7, 8]. Various examples can be
given: the fibrillar gel was prepared from tilapia collagen and
alginate in [9], using tilapia collagen and hyaluronic acid
in [10], the invention [11] reveals a method for obtaining
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and using a recombinant type Il collagen gel and sodium
hyaluronate with double crosslinking. These examples
indicate the prospects of research on the production of
three-dimensional structures based on natural polymers of
different natures: proteins and polysaccharides. It should
be noted that such an approach to obtaining new materials
for medicine is dictated by the nature of living organisms:
the main substances of the intercellular matrix of any
living organism performing structure-forming, protective,
and other functions are proteoglycans and glycoproteins,
which are structured copolymers of proteins and glycans
(polysaccharides) [12-15].

Earlier in our research, we obtained grafted copolymers
of some vinyl monomers for cod collagen (CC) [16-20]
and pectin [21] synthesized using photocatalysis in the
presence of complex oxide RbTe;sW,505 and known
modifying additives (triethylene glycol dimethacrylate
(TEDMA), polyethylene glycol (PEG), acrylic acid (AA)). It
was found in [21] that the addition of TEDMA in in small
quantities and AA in an amount commensurate with the
concentration of methyl methacrylate (MMA) to the reaction
mixture upon obtaining grafted copolymers of acrylates
onto cod collagen, after neutralization of the reaction
mixture with 1M NaOH solution at the end of synthesis, it
is possible to obtain a mixture of grafted and cross-linked
polymer, which is stable in aqueous solution and does
not form a coagulate. The addition of PEG to the initial
mixture in an amount commensurate with the amount
of collagen, after neutralization of the reaction mixture,
makes it possible to obtain coagulate of a cross-linked
structure. Such a hydrogel easily releases water when
dried in vacuum and forms a polymer composite film.

The change in the structure of macromolecules when
polysaccharide is added into the initial reaction mixture
along with collagen is associated with known interactions
such as van der Waals, electrostatic, hydrophobic, and
hydrogen bonds. In the presence of active radicals pectin
interacts during synthesis, as in the case of collagen, with a
hydroxyl radical due to the separation of the hydrogen atom
of the hydrocarbon part of the polysaccharide molecule is
possible, presumably according to scheme 1. In addition,

557


https://vuzbiochemi.elpub.ru/jour
https://doi.org/10.21285/achb.951
https://elibrary.ru/yoetus

PROCEEDINGS OF UNIVERSITIES. APPLIED CHEMISTRY AND BIOTECHNOLOGY 2024 Vol. 14 No. 4
U3BECTHUS BY30B. MIPUKNAAAHAA XUMIUA U BUOTEXHOAOTUA 2024 Tom 14 N 4

/‘fm?&»

COOM

) >
+OH =~

W ‘ﬁ‘ N OH

-H20

Radical
polymerization

bm

Fig. 1. Scheme of a hydroxyl radical interaction with polysaccharides

Puc. 1. Cxema B3aMMOAENCTBUA TMAPOKCUABHOIO paanKana ¢ MoAMcaxapuaamMmm

this may occur due to the separation of the hydrogen atom
from the hydroxyl group of the polysaccharide, presumably
according to scheme 2 (Fig. 1), forming radicals in the
macromolecule of the polysaccharide [22-24].

These newly formed radicals are active in all radical
transformations in the reaction mixture: they interact with
the monomer and form a grafted synthetic fragment or
participate in a chain transfer reaction, or disproportionate
with another active radical and also recombine, i.e. they
form additional covalent bonds in the material*.

In this work, the purpose is to obtain new hydrogels
based on grafted copolymers of MMA and butyl acrylate (BA)
on fish (cod) collagen synthesized using the RbTe; sW, 506
photocatalyst, with simultaneous addition of polysac-
charide - pectin to the composition of the initial reaction
mixture (Pect-CC-PMMA and Pect-CC-PBA). Pectin is not
only a modifying agent, but also an additional polymer
substrate, along with collagen, on which centers of initiation
of radical polymerization of acrylate monomers are formed.
The obtained new materials should be characterized for a
number of important indicators. In this regard, the main
task of the study was to introduce into the initial reaction
mixture (fish collagen - vinyl monomer (MMA, BA)) as a
modifier and a second natural component of pectin in
amounts commensurate with collagen, and to control its
effect on the composition and properties of the resulting
composite in comparison with the MMA/BA copolymer
on collagen. It should be especially noted that collagen
and pectin are constantly renewable raw materials. Both
polymers are isolated from production waste: fish collagen
from fish industry waste, pectin from fruit and vegetable
processing waste. Currently, it is important if we consider
the prospect of using the development in medicine.

EXPERIMENTAL

Materials. Commercial reagents were used without
pretreatment: apple pectin (“S.Pudov”), acetic acid, sodium
hydroxide, acrylic acid, TEDMA, PEG. MMA and BA were
pre-purified from the stabilizer by washing with a solution
of sodium hydroxide, then rinsed with cold water to a
neutral pH, dried using calcium chloride and distilled in
vacuum. The photocatalyst RbTe, sW,50s was obtained
by the method [25].

Isolation of cod collagen. Collagen was isolated by the
method [26] by extraction with acetic acid for one day at
room temperature. The resulting acetic acid dispersion was
dried to a constant weight under vacuum (1.33 Pa) at 50 °C.

Synthesis of graft copolymers under photocatalysis
conditions. Pectin and collagen were dissolved separately
in a small amount of water at a temperature from 50 to
70 °C with stirring, an emulsion was prepared by mixing the
components in the ratio pectin:collagen:monomer:water =
2,5:2,5:5,0:90, a catalyst was added, argon was bubbled
for 15 minutes, then stirred (800 rpm) under irradiation
with a visible light LED lamp (LED, 30 W, A = 400-600 nm)
in argon current for 5 hours. After polymerization, the
reaction mixture was centrifuged at 4000 rpm to separate
the catalyst. The catalyst was washed in water 3 times
at 50 ° Cfor 20 minutes and dried to a constant weight.

Analysis of molecular weight characteristics by gel-pen-
etrating chromatography. Molecular mass characteristics
were determined by gel-penetrating chromatography (GPC).
Aqueous solutions of copolymers isolated from the reaction
mixture were analyzed using a high-performance liquid
chromatograph manufactured by Shimadzu CTO 20A/20AC
(Japan) using LC solutions. Separation was performed using
a Tosoh Bioscience TSKgel g3000swxI column with a pore
diameter of 5 microns and a low-temperature light scat-
tering detector ELSD-LT II. The eluent was 0.5 M acetic
acid solution, the flow rate was 0.8 ml/min, and narrowly
dispersed dextran standards with a molecular weight range
(MW) of 1-410 kDa (Fluca) were used for calibration.

Scanning electron microscopy. The surface of lyophilically
dried copolymer samples was studied using a scanning
electron micro-scope JSM-IT 300 (Jeol Itd., Japan) with
an electron probe diameter of 5 nm (operating volt-age
20 kV), using detectors of low-energy secondary electrons
and backscattering electrons in low vacuum mode to
avoid the samples charging.

Elemental analysis of copolymers. The analysis of dried
samples was carried out by the CHNS analysis method
on the vario EL cube element analyzer for simultaneous
determination of CHNS(O). Elemental analysis of the catalyst
surface was performed using X-ray microprobe analysis
(RMA) with a detector X-MaxN 20 (Oxford Instruments)
Ka(0) and La(Rb, Te, W).

1Handbook of radical polymerization / eds K. Matyjaszewski, T.P. Davis. New York: Wiley Interscience, 2002. 936 p.
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Freeze drying. The sponges of the samples were obtained
by lyophilic drying. The solvent was distilled under vacuum
(1.33 Pa) using deep freezing by liquid nitrogen.

Studies of polymer films for resistance to microscopic
fungi. The study of mushroom resistance was carried out
according to GOST 9.049-91 “Polymer materials and their
components” method 1. The film samples were placed in
Petri dishes. Then the samples surface was inoculated
with a suspension of spores of micromycetes test cultures,
active destructors of polymer materials: Aspergillus oryzae
F-2096, Aspergillus niger F-1119, Aspergillus terreus F-1025,
Chaetomium globosum F-109, Paecilomyces variotii F-378,
Penicillium funiculosum F-1115, Penicillium chrysogenum
F-245, Penicillium cyclopium F-245, Trichoderma viride
A-1117. Petri dishes with samples were placed in a ther-
mostat for 28 days at a temperature of 29+2 °C and
humidity of more than 90%. After the test time, the fungal
resistance of the samples was evaluated on a 6-point
scale (Table). The area of biofouling and the degree of
micromycetes development on the samples were taken
into account when assessing fungal resistance. Samples
of materials on which the growth of fungi did not exceed
2 points were considered to be fungal resistant.

Assessment of the samples fungal resistance

OueHKa yCTOMUMBOCTM 06pasLOB K rpubkam

Characteristic of the score
No germination of spores and conidia was detected

Score

0 under the microscope

1 Sprouted spores and a slightly developed mycelium
are visible under the microscope

5 A developed mycelium is visible under

the microscope, sporulation is possible

The mycelium and/or sporulation are barely visible
3 |tothe naked eye, but are clearly visible under

a microscope

The development of fungi covering less than 25%

4 of the test surface is clearly visible to the naked eye
5 The development of fungi covering more than 25%
of the test surface is clearly visible to the naked eye
RESULTS AND DISCUSSION

The effect of pectin on the structure and properties
of grafted copolymers “pectin - CC - polyacrylate” was
controlled by physicochemical characteristics. Once again,
it should be noted that collagen isolated from any natural
substrates, even with the most delicate isolation in the
form of a high-molecular polymer with MM ~300 kDa,
does not have sufficient mechanical strength. It is due
to the fact that the intra- and intermolecular cross-links
that arise during the biosynthesis of collagen in vivo and
give its fibrils a stable structure, mechanical strength and
resistance to the action of enzymes are destroyed during
its release into solution. In this regard, an important step in
the creation of any collagen materials is the development
of crosslinking conditions that ensure mechanical strength
and stability during the whole life of the material. At the
same time, crosslinking agents are used for collagen fibers
of various natures [3, 4].

The process of grafted copolymers synthesis was carried
out in dispersion, using aqueous solutions with the inclusion
of MMA (Pect-CC-PMMA) and BA (Pect-CC-PBA). After the
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end of the syntheses and the stopping of mixing, the gel
coagulated from the reaction mixture (Fig. 2).

Fig. 2. Images of reaction mixtures Pect-CC-PMMA (a)
and Pect-CC-PBA (b) after synthesis, Pect-CC-MMA
before synthesis (c)

Puc. 2. dotorpadum peakumoHHbix cmecen MNekT-TK-NIMMA (a)
u Mekt-TK-MNBA (b) nocae cuHtesa, MNekT-TK-MMA a0 cuHTEe3a (C)

Analysis of the nitrogen content in the isolated and
dried polymer products showed that they contain collagen
and its amount is significantly less than for the sample of
the copolymer PMMA-collagen-PEG-AA (CCC-1) (Fig. 3)
[20]. It indicates that pectin is more part of the formed
copolymers than PEG.
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m Content of collagen in the sample, % ™ Mass fraction of nitrogen, %

cce-1 Pect-CC-PMMA Pect-CC-PBA

Fig. 3. Nitrogen and collagen content in the samples
according to elemental analysis data

Puc. 3. CopepxaHue a3ota U KoanareHa B obpasuax
Mo A@HHbIM 3AEMEHTHOro aHaA13a

The SEM images of the new grafted copolymers Pect-
CC-PMMA and Pect-CC-PBA (Fig. 4, a-d) indicate the cel-
lular structure of the copolymers. Comparing them with
the morphology image of previously obtained samples
from PEG - sample CCC-1 (Fig. 4, e) [20] shows that
the morphology of the new materials differs markedly,
including the size, shape and dimensional organization
of the cellular structure. It can be seen that the pore size
in the case of grafted copolymers with pectin for both
MMA and BA is significantly smaller than for copolymers
obtained under comparable conditions with PEG (samples
with the same magnification: a, b - with pectin, e - with
PEG). At the same time, collagen fibers are significantly
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more compacted in the case of PEG copolymers (see
Fig. 4, e) than for grafted copolymers with pectin (see
Fig. 4, a, b). That is, the introduction of pectin into the
composition of copolymers with both MMA and BA leads to
the formation of a small-cell matrix with less pronounced
outlines of structural fibrils. In addition, it can be noted that
with a greater maghnification in grafted copolymers with
pectin (see Fig. 4, c, d), the interpenetration of external
and internal pores is clearly visible, which is important
in scaffold technologies to characterize the degree of
channel interconnection of matrix pores [27, 28].

Fig. 4. Scanning electron microscope images of copolymers
Pect-CC-PMMA (a, ¢), Pect-CC-PBA (b, d), CCC-1 (e) [20]
and collagen (f) [16]

Puc. 4. BbIMOAHEHHbIE MPY MOMOLLUM CKaHUPYHOLLETO
3NEKTPOHHOIO MUKPOCKOMNa M306paXeHUs CONOAMMEPOB
MNekT-TK-NMMMA (a, c¢), NekT-TK-MNBA (b, d), CCC-1 (e) [20]
1 KoAnareHa (f) [16]

In the aqueous phase, after coagulation of the Pect-
CC-PMMA and Pect-CC-PBA copolymers, polymer frac-
tions with MW ~190 kDa, ~11 kDa and ~22 kDa and
oligomeric fragments with MW less than 0.5 kDa were
found not embedded in the grafted copolymer matrix.
Most likely, the high-molecular polymer is collagen, frag-
ments with MW ~11 and ~22 kDa can be attributed
to both collagen and pectin, since it is precisely such
low-molecular collagen that is formed because of col-
lagen hydrolysis and is determined in pectin [29, 30].
Oligomeric fractions are characteristic of pectin [30].
In general, an important conclusion from the analysis
by the GPC method is the statement of the presence of
the initial polymers residues that are not embedded in
the structure of the Pect-CC-PMMA and Pect-CC-PBA

copolymers. This may be primarily due to the insufficient
amount of hydroxyl radicals necessary for the formation
of grafted and crosslinked polymers. This is due to the
adsorption of synthetic monomers and the grafting of
synthetic polymer products on the catalyst’ surface.
Apparently, in this case, the process of interaction of
electron-hole pairs with water becomes hysterically dif-
ficult, and the formation of a hydroxyl radical practically
stops. In addition, increasing the electron migration path
along the chain of polymer molecules from the catalyst
to the radical center in solution increases the probability
of recombination of the electron-hole pair. This leads
to a sharp decrease in the number of active particles
and formed radicals, and, consequently, to a slowdown
and stop of the polymerization reaction in solution [18].

Itis important to note that polymer materials based on
natural polymers are easily damaged by biological agents
under operating conditions, the main among which are
microscopic fungi? [31]. It was previously noted that the
PMMA-CC copolymer has fungal resistance due to the
content of RbTe, sW, 505 Oxide particles in micro quan-
tities with sizes <2 nm [32]. In Fig. 4, a-d, such particles
are clearly visible. It was necessary to find out whether
the new materials Pect-CC-PMMA and Pect-CC-PBA have
fungal-resistant properties. During the experiments, it
was shown that the growth of fungi on Pect-CC-PMMA
and Pect-CC-PBA polymer materials films was O scores.
It suggests that these materials are not capable of being
used by fungi as a food source. It is important because the
biostability of polymer composites is a critical property of
such materials, since it determines the long-term operation
function of a particular product in conditions of possible
fungal damage.

It should be mentioned that, as in previously published
research [16, 21], fragments of polymer macromolecules
were found on the catalyst surface (Fig. 5), which are iso-
lated on the surface by homogeneous filaments with a large
diameter or plates. Such organic fragments are formed
on the surface due to the grafting of acrylate onto the
radicals of the catalyst surface, the occurrence of which
is associated with the interaction of hydroxyl radicals
with hydroxyl groups always present on the surface of
metal oxides. It has already been discussed earlier in
the works [16, 21].

Fig. 5. Scanning electron microscope images
of the catalyst surface

Puc. 5. BbiNOAHEHHbIE NPY MOMOLLM CKaHUPYHOLLETO
3INEKTPOHHOIO MUKPOCKOMNa M306paXxeHUst MOBEPXHOCTH
KaTaAmsaTtopa

2EpodeeB B.T., CmupHOoB B.®., Mopo3os E.A. M1Kpobr1oAOTUUECKOE paspyLlEHUE MaTepPUanoB: yueb. nocobue AN CTYAEHTOB.

M.: U3a-Bo AccoumaLnmmn CTpouTeAbHbIX By30B, 2008. 123 c.
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Fig. 6. Scanning electron microscope images of the catalyst surface after synthesis and maps of the elements distribution

Puc. 6. BbINOAHEHHbIE NMPU MOMOLLM CKaHWPYHOLLIETO SAEKTPOHHOTO MUKPOCKONA M306paxeHUs NOBEPXHOCTU KaTaansatopa nocae

CUHTE3a U KapTbl pacnpepeneHnsa SIAeMEHTOB

The evidence of the organic nature of such filaments
is provided by studies of the elemental composition of the
samples, which were carried out using the X-ray micro-
analysis (Fig. 6). To determine how atoms are distributed
in the sample, maps of the elements distribution were
obtained (see Fig. 6). In this case, it can be seen that the
distribution of the elements Rb, Te, W on the studied surface
is homogeneous and corresponds to powder particles of
photocatalyst. Fragments of organic filaments are clearly
visible on all maps, and the chemical composition of the
sample in the selected area (C and O content), shown
in the spectrum and in the table in Fig. 6, indicates the
organic nature of the selected area.

CONCLUSIONS

As a result of the conducted studies, hydrogels of the
grafted copolymers Pect-CC-PMMA and Pect-CC-PBA were
obtained using photocatalysis in the presence of a complex
oxide RbTe, sW,50s. Polymer products are characterized by

methods of elemental analysis and electron microscopy.
Dry polymer products, as it turned out, contain collagen in
an amount of less than 40%. The SEM images demonstrate
the formation of a small-cell matrix for these polymer
composites. By the GPC method, it was found that some
of the natural polymers of collagen and pectin remained in
aqueous dispersion and did not enter the structure of the
new material. It was revealed using an X-ray microprobe
analyzer that a part of polyacrylates is identified on the
catalyst surface after its separation from the aqueous
dispersion. The new materials are fungus-resistant,
which is important for the long-term operation function
of a particular product in conditions of possible fungal
damage. The results of the study indicate the expediency
of developing research on modified materials based on
grafted copolymers of methyl methacrylate, pectin and
fish collagen prepared by the RbTe, sW, 505 photocatalysis
to obtain a wide range of medical products: colloidal
solutions, gels, films.
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