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intermediate position between the maximum and minimum values of stresses at these same points on models with
a unilateral arrangement of plates. The plate applied from the medial side provides a lower level of stresses in the
bone fragments in the fracture zone, but the plate applied from the lateral side provides a lower level of stresses in
all other zones of the tibia. Osteosynthesis with two plates allows to ensure a more uniform distribution of stresses
between the elements of the metal structure. Osteosynthesis with a plate from the medial side provides a minimum
level of stresses on the screws in the metaphyseal zone, and the plate applied to the lateral surface of the tibia
provides the lowest level of stresses on the plate itself and on the screws in the diaphysis.
Key words: lower leg, tibia, multifragmentary fracture, osteosynthesis.
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Modern regenerative medicine is actively investigating biocompatible materials for stimulating the growth and
repair of bone tissue. Polyurethane ureas (PUUs) exhibit high mechanical strength, biocompatibility, and controlled
biodegradation, making them suitable for the development of membranes in guided bone regeneration (GBR).
The biodegradation of PUUs was studied through changes in mechanical properties and structure over 1, 3, and 6
months of incubation in biological medium 199. According to IR spectroscopy data, structural changes in PUUs are
observed in the biological environment in the vNH region (3308 cm™ and 3500 cm™), indicating the disruption or
redistribution of hydrogen bonds. A decrease in the intensity of the vC=0 (1726 cm™") and 6NH (1535 cm~) bands
suggests hydrolysis of urethane and urea bonds. The appearance of an absorption band at ~1650 cm~" indicates
destructive changes in the polymer chain and alterations in hydrogen bonding. The obtained results confirm that the
polymer actively interacts with the biological medium, leading to its partial degradation and structural modification.
According to physical-mechanical testing, PUUs lose tensile strength after 6 months of incubation, indicating biodeg-
radation and ensuring a sufficient functional lifespan of membranes during bone regeneration. Cytotoxicity studies
using fibroblast tissue culture revealed no adverse effects of PUUs on cell growth and development, confirming their
safety for biomedical applications. Therefore, PUUs are a promising material for bioresorbable membranes in max-
illofacial surgery, combining effective mechanical support with controlled degradation and no negative impact on
surrounding tissues.

Key words: guided bone regeneration, polyurethane ureas, biodegradation, biocompatibility, polymer mem-
branes, fibroblasts.
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Connection of the publication with planned re-
search works.

The experimental studies were carried out within the
framework of the research project “Creation of multi-
functional biologically active polymeric materials based
on biodegradable polyurethanes and hydrogels”, state
registration number 0123U100347.

Introduction.

Modern maxillofacial surgery presents specialists
with the important task of ensuring the fastest and
most complete restoration of lost bone tissue volume
to improve both functional and aesthetic treatment
outcomes. Achieving these goals without the use of ef-
fective guided bone regeneration (GBR) methods is im-
possible, underscoring the relevance and practical signif-
icance of the chosen research.

Currently, both resorbable and non-resorbable poly-
mer membranes are known to be used for GBR. The lat-
ter, in turn, are divided into those of natural and synthet-
ic origin [1, 2].

There are reports of several significant disadvantag-
es of non-resorbable membranes, limiting their use in
regenerative dentistry. One of the main drawbacks is the
high risk of exposure, for example, in expanded polytet-
rafluoroethylene (e-PTFE) membranes, due to their high
porosity, which may lead to infectious complications and
unsuccessful treatment [3-5].

d-PTFE membranes, although having lower porosity
(less than 0.3 microns), are characterized by low flexi-
bility, which can cause their collapse in the defect area
and affect regeneration efficiency. To address the issue
of insufficient mechanical rigidity, titanium-reinforced
e-PTFE and d-PTFE membranes were developed. How-
ever, the stiffness of the titanium mesh complicates its
removal since orthopedic screws are often used for fixa-
tion, potentially causing additional tissue trauma [5, 6].

Another issue is the limited use of titanium mesh
membranes in aesthetically important areas, as they
may become visible under soft tissues. Furthermore, all
non-resorbable membranes require a second surgical
intervention for removal after the regenerative process
is complete, increasing the risk of complications and
prolonging the rehabilitation period. Thus, while non-re-
sorbable membranes demonstrate effectiveness in stim-
ulating bone regeneration, their use is justified only in
specific clinical cases where the benefits outweigh po-
tential risks [2, 6, 7].

Bioresorbable membranes based on biopolymers are
widely used in guided bone regeneration (GBR) due to
their biocompatibility, controlled degradation, and abil-
ity to promote tissue regeneration. The main represen-
tatives of such membranes include those based on col-
lagen, chitosan, hyaluronic acid, fibrin, silk, etc. [1, 2, 8,
9]. However, alongside these advantages, several draw-
backs limit their use in GBR. One of the main problems is
their limited availability and complexity in processing to
create scaffold structures, unwanted immune reactions
affecting process stability, and variability in the degra-
dation rate of biopolymer membranes, which depends
on each patient’s enzymatic processes. This complicates
the prediction of tissue recovery timelines and effective-
ness [2, 10-12].

Given the above, research on the use of synthetic
resorbable polymer membranes (RPM) is currently rele-
vant. This is due to several advantages: avoiding the use

of animal-derived tissues, biocompatibility, absence of
immune response, preservation of barrier functions, and
controlled resorption during the bone regeneration pe-
riod. Currently, several resorbable polymeric materials
have been studied and introduced to create membranes
used in GBR, the most common of which are poly-a-hy-
droxy acids, including polylactic acid (PLA), polyglycolic
acid (PGA), and their copolymers poly(L-lactide-co-gly-
colide) (PLGA) [8, 9, 13].

However, despite the fact that biodegradable syn-
thetic membranes based on poly-a-hydroxy acids allow
avoiding immune reactions to collagen proteins, their
degradation products (lactic and glycolic acids), being
natural metabolites of the body, can cause local inflam-
matory reactions and tissue irritation [8]. According to
studies on the biocompatibility of poly (L-D, L-lactide)
(PLDLA) and poly(L-lactide-co-glycolide) (PLGA) in vitro
using fibroblast culture models, these polymers exhibit
satisfactory biocompatibility. However, high concentra-
tions of degradation products had a toxic effect on the
tested cell culture systems [14]. Additionally, there are
reports of varying degrees of inflammatory reactions
associated with the degradation of polylactide implants
[15-17], which may subsequently interfere with alveolar
bone formation.

A promising material for GBR membrane devel-
opment is medical-grade polyurethane materials that
are biocompatible and capable of controlled biodegra-
dation. These materials have several advantages over
other polymeric materials. They provide a wider range
of mechanical characteristics, can be synthesized with
controlled biodegradation rates, and allow for chem-
ical composition adjustments to improve interaction
with surrounding tissues. The high biocompatibility of
polyurethanes is ensured by the presence of urethane
groups (-NH-COO-), which are chemically similar to the
peptide (amide) groups of proteins (-NH-CO-) [18, 19].

The use of urethane-containing polymers is known
in various fields of medicine, including bone plates for
osteosynthesis [18], medical adhesives with pro-regen-
erative [19] and antiseptic properties [20, 21], which
in solid form are cross-linked polymers containing ure-
thane and urea bonds. The presence of urea bonds (-NH-
CO-NH-) in the structure of polyurethane ureas (PUUs)
significantly affects their physicomechanical and chem-
ical properties. In particular, the strong polarity of urea
groups increases the polymer’s hydrophilicity, enhanc-
ing its affinity with surrounding tissues and accelerating
hydrolysis in an aqueous environment, which is especial-
ly important for biodegradable membranes.

Thus, considering the high biocompatibility, adjust-
able physicochemical, and mechanical properties, PUUs
may serve as a promising alternative to existing poly-
meric materials in guided bone regeneration, combining
optimal mechanical support and biodegradation in ac-
cordance with clinical requirements.

One of the key stages of research related to the
justification for using polymer membranes in GBR is
the study of their biodegradation ability under in vitro
model conditions. Since in implantation conditions, the
products of biodegradation may influence the course of
regenerative processes, it is essential to study the cyto-
toxicity of polymer membranes using fibroblast tissue
culture, which allows for the assessment of their bio-
compatibility and potential impact on cell regeneration.
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The obtained results will enable an assessment of the
prospects for using such materials in biomedical applica-
tions and contribute to a deeper understanding of their
degradation mechanisms in biological environments.

Considering the above, further research is necessary
to explore the potential of polyurethane ureas as poly-
meric bioresorbable membranes for guided bone regen-
eration in the maxillofacial area.

The aim of the study.

To investigate the biodegradation and biocompati-
bility of polyurethane ureas under in vitro conditions as
prospective membranes for guided bone regeneration.

Object and research methods.

Objects of the study — polyurethane ureas obtained
from a mixture of macrodiisocyanates (MDI), synthe-
sized from 2,4-; 2,6-toluene diisocyanate and polyoxy-
propylene glycols (POPG) with molecular weights of
1002 and 2002 in a 1:1 ratio [22]. During curing under
the influence of air moisture, the MDIs were converted
into polyurethane ureas in the form of films with a spec-
ified thickness of 0.2 mm.

PUU sample incubation in a biological medium was
conducted as follows: polyurethane ureas in the form
of films were placed in sterile containers, then 25 ml of
biological medium 199 (BM 199) produced by “BIOTEST-
LAB,” Ukraine, was added. Samples were kept in a
thermostat at a temperature of (37+1)°C for 1, 3, and
6 months. The model medium solution was replaced
when sterility was lost, which was monitored by color
change. After the designated incubation periods, the
samples were removed, washed with distilled water, and
dried to constant mass at room temperature.

Tensile strength (o, MPa) and elongation at break (g,
%) of the synthesized PUUs were determined according
to I1SO 527-3 using a modified testing machine 2166 P-5
with a grip expansion speed of (50+5) mm/min and a re-
sult fixation speed of 0.01 s.

FTIR absorption spectra in the range (650-4000)
cm™ were recorded on a “Tensor-37” FTIR spectrome-
ter (Bruker) using the attenuated total reflection (ATR)
method with a trapezoidal diamond crystal prism (num-
ber of reflections N=1, incident angle $=39°).

The fibroblast tissue culture method was used to as-
sess the biocompatibility of PUU samples under in vitro
conditions. The method is based on culturing subcu-
taneous tissue from Wistar rats under standard condi-
tions, which promotes fibroblast growth [23, 24]. To ob-
tain fibroblast tissue culture, fragments of subcutaneous
fat tissue from Wistar rats were explanted and placed in
Carrel flasks with a nutrient mixture. The mixture con-
sisted of two phases: Solid phase — rooster blood plas-
ma and chicken embryo extract, obtained under labo-
ratory conditions; Liquid phase — medium 199 (Biowest,
France) and bovine serum (Biowest, France). The growth
source of fibroblastic elements was cultivated tissue,
specifically the subcutaneous fat tissue of Wistar rats.

All procedures involving experimental animals were
carried out in accordance with the principles outlined in
the European Convention for the Protection
of Vertebrate Animals Used for Experimental
and Other Scientific Purposes [25].

animal was used to obtain the explants — a male white
Wistar rat weighing 150 g. The total number of obtained
subcutaneous adipose tissue explants was 30 (with a di-
ameter not exceeding 1.5 mm): 15 for the experimental
group and 15 for the control group. The total number of
Carrel flasks with explants was 6: 3 for the control group
and 3 for the experimental group.

The embryonic extract was prepared from 12 incu-
bated chicken eggs containing 10-12-day-old embryos.

As the model extraction medium, a physiological sa-
line solution (0.9% sodium chloride aqueous solution,
pharmaceutical grade) was used. The ratio between the
test material weight and the volume of saline solution
was 200 mg : 1 ml. Extraction was conducted at 37°C
for 72 hours. The conditions for explantation were as de-
scribed in [24].

On days 3, 5, 7, and 10, observations were conduct-
ed on the growth of compact zones, reticular zones,
and migrating fibroblast elements using a MICROmed
XS 3330LED microscope equipped with an MDC-500
5 MPix digital USB camera. The criteria for zone iden-
tification were based on the arrangement of fibroblast
elements in the growth process [23]. Compact zones in-
cluded areas with densely packed, actively growing cells.
Reticular zones included areas where cellular strands
formed, anastomosed, and branched. The migrating el-
ement zone was determined by the tips of isolated cel-
lular strands growing into the solid phase of the nutrient
medium, reaching the location of separately positioned
cells.

Studies of the growth and development of fibroblast
elements in Wistar rat subcutaneous fat tissue were con-
ducted on days 3, 5, 7, 10, and 14.

Research results and their discussion.

Comparative physico-mechanical tests are an im-
portant stage in assessing the biodegradation ability of
polymeric materials under in vitro conditions, as chang-
es in mechanical characteristics can predict the behavior
of the studied materials in real operating conditions.

To evaluate the ability of polymeric materials to un-
dergo biodegradation, comparative physical-mechanical
tests of polymer film samples were conducted before
and after incubation in biological medium 199 (table).
The study aimed to determine changes in the mechani-
cal characteristics of the material that may indicate deg-
radation processes or structural transformations in the
polymer matrix.

According to the obtained data, after exposure to the
biological medium for one month, an increase in tensile
strength and a decrease in relative elongation were ob-
served. This may be due to relaxation processes in the
polymer within the BM 199 medium. However, after 3
months of incubation, the biodegradation process be-
gins, which concludes after 6 months, as indicated by
the gradual loss of the material’s mechanical properties.

Biodegradation processes occurring under the influ-
ence of biological agents are accompanied by changes
in the composition and structure of polymeric materials.

Table — Changes in the physic-mechanical properties of PUUs

under the influence of BM 199 over time

Experimental groups: control (cultivated

tissues) and experimental (on the third day

of cultivation, the liquid phase was replaced

with an extract from the test sample). One

Samples PUUs
Incubation period Control 1 month 3 months | 6 months
Tensile strength, o, MPa | 1,98+0,04 | 2,90+0,24 1,76+0,14 -
Elongation at break, €, %|330,0+32,3 [240,0+18,0| 660,0+5,5 75,0+7,4
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FTIR spectroscopy is one of the most effective methods
for studying the chemical structure of polymeric ma-
terials, allowing information to be obtained about the
presence of functional groups, the nature of chemical
bonds, and changes in the polymer matrix under exter-
nal influences. Due to its high sensitivity to molecular
vibrations, this method is widely used to study polymer
degradation processes.

According to the obtained results, the FTIR spectra
of PUUs are characterized by the presence of absorption
bands at vNH-bound — 3308 cm™ and vNH-free — 3500
cm™ (fig. 1, fig. 2). The absorption bands at 2970 cm™’
and 2968 cm™ correspond to the deformation vibrations

2868
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Figure 1 — Fragment of the FTIR spectrum (2600-3800 cm™") of PUUs
after incubation in BM 199.
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Figure 2 — Fragment of the FTIR spectrum (600-1800 cm™) of PUUs
after incubation in BM 199.
of the C-H bond.

The absorption band vC=0 1726 cm™ corresponding
to the COO group of the urethane fragment is observed,
along with absorption bands at vsC-O-C 1092 cm™ and
vasC-0-C 1373 cm™, and an absorption band with a max-
imum at 1535 cm™, which corresponds to the 8NH vibra-
tions of the urethane fragment. Under the influence of
BM 199, an increase in intensity is observed after one
month of incubation for vNH-bound — 3308 cm™ and
vNH-free — 3500 cm™ compared to the control. During
further incubation, the intensity of vNH-free — 3500 cm™
decreases slightly at 3 and 6 months but remains higher
compared to the control. Redistribution of absorption
band intensities at 2970 cm™ and 2868 cm™, which char-

acterize the deformation vibrations of the C-H bond, is
also observed.

In the range of 600-1800 cm™, with an increase in
incubation duration, a decrease in the intensity of vC=0
1726 cm™ and 8NH 1535 cm™ is observed. The absorp-
tion bands vsC-O-C 1092 cm™ and 928 cm™ slightly in-
crease in intensity. Other absorption bands show no sig-
nificant changes.

A new absorption band appears at approximately
1650 cm™ with prolonged incubation, indicating active
structural changes in the polymer under the influence
of the biological medium. This band may be associated
with amide | vibrations (vC=0) of carbamide or urethane
groups, which form hydrogen bonds with water mole-
cules or medium components. This band may also indi-
cate water absorption, with deformation vibrations of
water (§H-0-H) appearing in this region, or the forma-
tion of degradation products such as secondary amides
or carboxylic acids. Furthermore, polymer interaction
with biomolecules in the medium, such as proteins, may
contribute to the increased intensity of this band due
to the adsorption of protein molecules on the polymer
surface.

As a result of the conducted FTIR spectroscopy anal-
ysis, it can be concluded that structural changes occur
in the polymer under the influence of the biological
medium, manifested in interactions with medium mol-
ecules, partial destruction of functional groups, and lo-
calized restructuring. The increased intensity of the vNH
(3308 cm™ and 3500 cm™) bands in the early stages of
incubation indicates the formation of hydrogen bonds
with medium components, while their decrease over
time suggests NH-bond degradation or redistribution.
Redistribution of C-H group intensities (2970 cm™ and
2868 cm™) indicates deformational changes in meth-
yl and methylene groups. The decrease in vC=0 (1726
cm™) and 6NH (1535 cm™) intensity indicates chemical
modification of carbonyl and carbamide groups through
hydrolysis or oxidation, while the increase in vsC—0-C
(1092 cm™ and 928 cm™) may be associated with the
formation of new ether bonds.

The appearance of the ~1650 cm™ band is a sign of
polymer chemical degradation, changes in its hydrogen
bonds, and interaction with the biological medium, af-
fecting its stability and functional properties. Overall,
the results indicate active interaction of the polymer
with the biological medium, accompanied by its partial
degradation and modification.

Study of Cytotoxicity of Polyurethane Urea Samples
Using Fibroblast Tissue Culture Method.

The assessment of PUU cytotoxicity is an important
stage in evaluating the biocompatibility of polymeric
materials in the context of medical devices and materials
that come into contact with body tissues. Evaluating the
cytotoxicity of polymer materials in fibroblast culture is
particularly relevant since fibroblasts are one of the key
cellular populations in connective tissue, playing a crit-
ical role in regeneration and wound healing processes.

To investigate the biocompatibility of polymer mem-
brane samples based on polyurethane ureas, the fibro-
blast tissue culture method was applied, which serves
as a model test system in toxicological experiments [23].

The initial growth in the control group was repre-
sented by the formation of individual elongated cells,
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Figure 3 — Initial growth of cells in the culture of rat subcutaneous
adipose tissue on day 3 in the control group. Magnification: x100.

as well as isolated migrating fibroblastic elements that
exhibited a spindle-like shape (fig. 3).

Subsequently, the growth activity of fibroblastic el-
ements increased. On the 5th day, the growth areas in
the Carrel flasks were mainly represented by two zones:
a reticular zone consisting of bundles and strands of cells
arranged in a net-like structure, and a zone of migrating
elements (fig. 4).

On the 7th day, the growth zones were divided into

three: compact, reticular, and a zone of individual mi-
I L) il
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Figure 5 — Compact and reticular zones of fibroblast growth on the
7th day of cultivation in the control group. Magnification: x100.
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Figure 6 — Degenerative changes in the fibroblast culture on the
14th day in the control group. Magnification: x100.
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Figure 4 — Reticular zone of fibroblastic element growth on the 5th
day of cultivation in the control group. Magnification: x100.

grating elements. The highest number of dividing cells
was observed in the reticular zone (fig. 5).

On the 10th day after explantation, the growth zones
increased, and tissue-like growth was observed. In the
compact zone, signs of degenerative changes in individ-
ual fibroblastic elements were detected, characterized
by vacuolization followed by granular degeneration of
the cell cytoplasm. By the 14th day, the cell population
had entered a stage of pronounced degeneration (fig. 6).
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Figure 7 — Reticular zone and the growth zone of individual

fibroblastic elements on the 5th day of cultivation with the addition
of an extract from the sample. Maghnification: x100.
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Figure 8 — Compact zone of fibroblastic element growth on the 7th
day of cultivation when studying the PUU sample.
Magnification: x100
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Figure 9 — Compact and reticular zones of cell element growth when
studymg the PUU sample on the 10th day. Magnification: x160.
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Figure 10 — Degenerative changes in fibroblastic elements
on the 14th day during the study of the polymer sample.
Maghnification: x100.

Cell growth on the 5th day in the presence of extracts
from PUU samples was practically indistinguishable from
the control, but the migration of fibroblastic elements
with macrophage-like morphology was observed (fig. 7).

Further observation of growth in these flasks did
not show significant changes in the formation of growth
zones around the explants. As in the control group, three
growth zones were observed on the 7th day of the study:
compact, reticular, and a zone of individual migrating el-
ements, with polygonal-shaped cells present (fig. 8).

On the 10th day after explantation, the growth areas
of fibroblastic and fibroblast-like elements increased in

DOI 10.29254/2077-4214-2025-2-177-343-355
YOK 616.31-089.843:678.664.4-022.532
"NeHuceHKo B. 4., PoxcHos A. C.

all Carrel flasks compared to the control. Signs of degen-
erative changes, expressed as cell vacuolization, were
present in the compact and reticular zones (fig. 9).

On the 14th day, both in the experimental flasks and
the control group, the cell population entered the phase
of pronounced degeneration, which was manifested by
significant vacuolization of the cytoplasm and granular
degeneration within the cells (fig. 10).

Thus, using the fibroblast tissue culture method, it
was established that the dynamics and nature of cell ele-
ment development did not differ from the control when
extracts from PUU samples were introduced into the cul-
tivation medium.

Conclusions.

1. Polyurethane ureas demonstrated the ability for
controlled biodegradation under in vitro model condi-
tions. The degradation process is completed within 6
months, accompanied by a gradual loss of mechanical
properties and structural changes in the polymer. FTIR
spectroscopy analysis confirmed active interaction of
the material with the biological medium, leading to the
modification of functional groups, hydrolysis, oxidation,
and the formation of new chemical bonds.

2. The fibroblast tissue culture method confirmed
the absence of cytotoxic effects of the tested polyure-
thane urea samples on the dynamics of cell growth and
development.

3. The obtained results allow considering polyure-
thane ureas as a promising material for use in guided
bone regeneration in the maxillofacial region. The stud-
ied biodegradation capability ensures the gradual re-
sorption of the membrane during regeneration, reduc-
ing the risk of complications and eliminating the need
for secondary intervention for its removal.

4. The study results confirm that polyurethane ureas
can be effectively used in medical applications, particu-
larly in regenerative medicine, where controlled materi-
al degradation without negative effects on surrounding
tissues is required.

Prospects for further research.

Since the conducted studies demonstrated PUUs’
ability for biodegradation and the absence of cytotoxic
effects under in vitro conditions, further plans include
conducting toxicological tests under in vivo conditions
and performing model surgeries on experimental ani-
mals to assess guided bone regeneration using polymer
membrane samples.
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Cy4yacHa pezeHepamugeHa MeOUyUHA aKMuUBHO 00CAiOXYe biocymicHi mamepianu 014 cmumynaayii pocmy ma
8i0Ho8s1eHHA KicmKoeoi mKaHuHu. [lloniypemaHceyosuHu (I1YC) demMoHCmpyomes 8UCOKY MEXAHIYHY MiyHiCme,
biocymicHicmb ma KoHmposneosaHy 6iodecmpykuito, wo pobume ix npudamHumMu 048 CMBOPEHHA MeMbpPaH

y cnpamoeaHili kicmkosili peeseHepauii (CKP).

Biooecmpykuito 1YC 0ocnidmcysanu 3a 3MiHOK MIYHOCMHUX

snacmusocmeli ma cmpykmypu npomszom 1, 3, ma 6 micayie iHkybauii'y 6ionoziuHomy cepedosuwsi 199. 3a daHumu
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I4-cnekmpockonii 8 6ionoziyHomy cepedosuuwyi criocmepizatomscs 3miHU cmpykmypu 1YC e obaacmi viNH (3308
cm™"'ma 3500 cm™), aki ekazyrome Ha pyliHysaHHA a6o nepepo3nodin 00HEBUX 38’A3Ki8. SHUWEHHSA IHMEHCUBHOCMI
cmye vC=0 (1726 cm™") ma SNH (1535 cm™) ceiduume npo 2idponiz ypemaHosux ma cevyo8uHHUX 38’°A3Kis. Mosea
CMyau no2auHaHHA ~1650 cm™ ekasye Ha OecmpyKmueHi 3MiHU & MoniMepHOMY AAHUI03I Mma 3MiHy xapakmepy
B800HesuUX 38°A3Kie. OmpumaHi pesaynemamu nidmeepoxcyroms, WO noaiMmep AKMUBHO 83aemMo0ie 3 bios02iYHUM
cepedosuuwiem, wo npuzeooums 00 (io2o 4acmkosoi decmpyKuii ma cmpykmypHoi modudgikayii. 32i0HO ¢i3uKo-
MexaHiYHuUx surnpobysaHb Yepes 6 micayie iHKybauii MYC empayarome miyHicme npu po3pusi, Wo ceid4ume npo
b6iodecmpykuyito ma 3abe3neyye docmamuili mepMiH hyHKUiOHY8aHHA MeMbBPaH y npouyeci Kicmkosoi pezeHepauii.
JlocnioxeHHa yuMomMOoKCcU4HoCmi MemoOoM MKAHUHHOI Kyabmypu @ibpobaacmie eussuno e8idcymHicmeo
HezamuegHoe2o ernaugy 1YC Ha picm i po38UMOK KAIMUHHUX enemMeHmis, W0 ceidyumeo npo ixHo be3ne4yHicmoe 014
biomeduyHux 3acmocysaHb. Takum YuHom, MYC € nepcrekmusHUM mamepiasnom 015 cmeopeHHsA biope3opbmusHux
MeMbpaH y wenenHo-nuyesiti xipypeii, ujo NOEGHYOMb eheKMUBHY MexaHiYHy nidmpumMKy ma KOHMpPOs608aHY

Oeepadayito 6e3 HeaamusHO20 8MaAUBY HA HABKOAUWHI MKAHUHU.
Knrouosi caoea: crpamosaHa KicmKosa pezeHepauyis, nosaiypemaHce4osuHu, biodecmpyKuid, 6iocymicHicme,

nonimepHi membpaHu, ibpobaacmu.

3B’A30K ny6aiKauii 3 nnaHOBMMM HAayKOBO-AOCAIA-
HUMU poboTamu.

EKcnepvMmeHTanbHi A0CAIAMXEHHA BUKOHYBAa/IUCb B
pamKax HayKoBo-gocnigHoi pobotn «CtBopeHHA 6a-
raTodpyHKLioOHaNbHUX 6i0NOMYHO aKTUBHUX MoniMep-
HUX MaTepianiB Ha OCHOBi 6io4EeCTPYKTYHOUMX MoJiy-
peTaHiB Ta rigporenis», HOMep AepXaBHOI peecTpaLil
0123U100347.

Bcryn.

Cy4acHa wWenenHo-auLeBa Xipypria cTaBuTb nepeg
daxiBUAMM BaXKAMBE 3aBAAHHA 3abe3neyeHHs AKHaMLW-
BMALWOr0 Ta MOBHOLHHOIO BiAHOB/MEHHA BTPAY€HOro
06’eMy KiCTKOBOT TKAHWHW A8 MOKPALLEHHA AK GYHK-
LiOHANbHUX, TaK i eCTeTUYHUX Pe3ynbTaTiB NiKyBaHHA.
JocArHeHHs umx Linei 6e3 3actocyBaHHA epeKTUBHUX
MeToAiB cnpsMoBaHoOi KicTkoBoi pereHepal,ii (CKP) € He-
MOX/IMBUM, LLLO NiAKPECNIOE aKTYasIbHICTb Ta NPAKTUYHY
LiHHiCTb 06paHOro AoCAiAKEHHS.

Ha cborogHi ana nposegeHHa CKP Bigomo BUKOpU-
CTaQHHA AK pPe30pbTUBHMX, TaK | Hepe30pOTUBHMX NoAi-
MepHUX MembpaH, OCTaHHI B CBOI Yepry MoAiNATbCA
Ha NPUPOLHOrO Ta CUHTETUYHOIO NOXOAKEHHS [1, 2].

ICHYIOTb BiZOMOCTI WOAO0 pPAJY CYTTEBUX HeAONiKiB
Hepe3op6TUBHUX MeMBPaH, Lo 0BMEIKYE iX 3acTOCyBaH-
HA B pereHepaTuBHi ctomatonorii. Og4HUM i3 FON0BHUX
MiHYCIB € BUCOKMI PU3MK eKCNOo3uLii, HanpuKknag, y no-
nitetpadropetnneHosux membpaH (e-PTFE), yepes ixHio
BMCOKY MOPUCTICTb, WO MOXe NPM3BecTn A0 iHbeKLuin-
HUX YCKNaZAHEHb Ta HEBAA/OrO NliKyBaHHA [3-5].

MembpaHnu d-PTFE, xoua 1 MatoTb MeHLLY NOPUCTICTb
(meHwe 0,3 MiKpoHa), XapaKTepU3yTbCA HU3bKOI
THYUKICTIO, LLLO MOMKE CMPUYMHUTM TXHIN KONanc y AinaH-
Li aedeKTy Ta BNAMHYTU Ha eDEeKTUBHICTb pereHepaLii.
o6 ycyHyTM Nnpobiemy HegoCTaTHbOI MeXaHiYHOT Kop-
CTKOCTi, 6ynn po3pobneHi TMTaHOBI apmoBaHi e-PTFE i
d-PTFE membpaHu. MpoTe KOPCTKiCTb TUTAHOBOI CiTKK
YCKNAAHIOE il BUAANEHHS, OCKiNbKM Ana dikcayii yacto
BUKOPUCTOBYIOTbCA OPTOMNEAUYHI TBUHTM, LLO MOXKe
CNPUYMHATU A0AATKOBY TPaBMaTM3aL,ito TKaHuH [5, 6].

Okpemoto npobnemoto € obmekeHe BUKOPUCTaHHA
TUTAHOBMX CiTYAaCTUX MeMbpaH y 30Hax, Ae BaXKNMBa
€CTeTUKa, OCKI/IbKM BOHWU MOXKYTb BYyTU MOMITHUMM Mig,
M’ AKUMKU TKaHUHamu. Kpim Toro, Bci Hepe3op6TUBHI
MeMbpaHn NoTpebytoTb NOBTOPHOTO XipypriuHOro BTPY-
YaHHA ANA BUAANEHHSA NiCNs 3aBEpLUEHHA pereHepaTop-
HOro npouecy, Wo 36iNblye PU3KK YCKAALHEHD | NOAOB-
KYE nepiog, peabinitayii. OTKe, xo4a Hepe3op6TUBHI
MeMBpPaHN AEMOHCTPYIOTb e(EKTUBHICTb Y CTUMYIO-

BaHHI KiCTKOBOI pereHepau,ii, iXx 3aCTOCyBaHHA BMMpaB-
JaHe nwe B NeBHUX KNIHIYHUX BUMAgKaXx, [e nepesaru
nepeBuLLYIOTb MOTEHUiNHI pu3nKK [2, 6, 7].

Bigomi 6iope3opbTnBHIi MembpaHM Ha OCHOBI b6io-
nonimepiB, AKi LWIMPOKO 3aCTOCOBYHOTb Y CNPAMOBaHIi
KicTKOBIl pereHepauii (CKP) 3aBasKku ixHin 6iocymicHo-
CTi, 34aTHOCTi A0 KOHTPO/NbOBAHOI AerpajaLii Ta cnpu-
AHHIO BiAHOBNEHHIO TKaHWH. OCHOBHUMM NpPeLCTaBHUKM
TaKMx MembpaH € MeMbpaHu Ha OCHOBI KOMareHy, XiTo-
3aHy, rianypoHOBOI KMCNOTH, GibpuHY, WOoBKy Towo [1,
2, 8, 9]. MpoTe Hapaay 3 nepeBaraMmn TaknMx membpaH,
iCHYe pAan HedoNiKiB, AKI 06MeXylTb X BUKOPWUCTaHHA
B CKP. OgHieto 3 ocHOBHUX Npobniem € ixHA obmexkeHa
OOCTYMHICTb Ta CKNafHiCTb 06pPOOKM ANA CTBOPEHHSA
KapKacHux cTpykTyp (“scaffolds”), HebaxkaHa imyHHa pe-
aKLin, Wo BMN/IMBAE Ha CTabinbHiCTb NpoLecy, Bapiabenb-
HiCTb LWBWAKOCTI AerpagaLii 6iononimepHux membpaH,
AKa 3aneXuTb Big GepmeHTaTUBHMX NPOLECIB KOXKHOIO
MaLi€HTa, WO YCKNAAHIOE NMPOTrHO3YBAHHA TEPMIHIB Ta
eheKTUBHOCTI BiAHOBAEHHS TKaHWUH [2, 10-12].

BpaxoBytoun HaBedeHe BuLe, cepes, CydacHUX nia-
XOAiB aKTyaSbHUMMW € AOCNIAKEHHA WOAO0 BUKOPUCTAH-
HA CUMHTETUYHUX MONIMEPHUX pe30pboBaHMX MembpaH
(MPM). Lie 3ymOBNEHO HU3KOK MepeBar: YHUKHEHHAM
3aCTOCYBAHHA TKAHWUH TBAPUMHHOTO NOXOAMKEHHS, Biocy-
MICHICTIO, BiACYTHICTIO iMyHHOI BignoBiAi, 36epeKeHHAM
6ap’epHUX PYHKLiN, @ TAKOXK KOHTPO/NIbOBAHOW pe3opb-
L€ Ha Nepiog pereHepaLii KICTKOBOI TKAHMHW. Ha cbo-
roAHi JOCNiAXKEHO Ta BNPOBaAKEHO HU3KY pe3opbTus-
HUX NOJIIMEePHUX MaTepianis A1A CTBOPEHHA MeMbpaH,
WO BMKOPUCTOBYIOTbCA Y CMPAMOBAHIN KiCTKOBI pere-
Hepauii, HanbinblWw NOWMNPEHUMU 3 AKUX € MOAi-O-rig-
POKCUKMCNOTHK, A0 AKMX HanexaTb nonimonoyHa (PLA),
nonirnikonesa Kucnotu (PGA) Ta ixHi kononimepwu poly(L-
lactide-co-glycolide) (PLGA) [8, 9, 13].

OpHak, He3BaxKatoum Ha Te, wWo biogerpagabenvHi
CUHTETUUYCHI MembpaHW Ha OCHOBI NOJI-A-FiAPOKCHMKNUC-
NOT A03BONAOTb YHUKHYTU PU3MKY IMMYHHOI peakLii Ha
6iNKN KonareHy, NPoAyKTH iXHbOT Aerpaaauii (MonovHa
Ta rnikoneea Kucnotu), byaydi npupoaHnmmn metaboni-
TaMW OpraHiamy, MOXYTb CMPUUYMHATU JIOKA/IbHI 3anasb-
Hi peakuji Ta nogpasHeHHs TKaHWH [8]. Tak, 3 pe3ynbTaTiB
AocniaxeHb aBTopiB biocymicHocTi poly (L-D, L-lactide)
(PLDLA) i poly(L-lactide-co-glycolide) (PLGA) B ymoBax
in vitro Ha mogeni KynbTypu ¢ibpobnacTis BUXOAUTH,
O 3a3HAYeHi nonimepu MaktTb 3a40BiNbHY biocymic-
HicTb. [TpoTe BMCOKI KOHLEHTpaLii NPOAYKTIB AeCTPYKU,ii
Ma/Jiu TOKCUYHUI BMNMB HAa BMKOPWUCTOBYBAHI CUCTEMMU

ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meauuunu — 2025 — Bun. 2 (177) / Bulletin of problems in biology and medicine — 2025 - Issue 2 (177)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/

349



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

KY/IbTUBYBAHHSA KAiTUH [14]. TaKoX, iCHytOTb BigomocTi
LLOAO 3anaNbHUX PeaKLilt opraHiamy pisHOro CTyneHto,
noB’A3aHUX 3 Aerpajaliero iMnNAaHTaTiB 3 NoAiNaKTUAY
[15-17], wo, Ak HAacNiAOK, MOKe 3aBa*kaTh GOpPMyBaHHIO
aNIbBEOJIAPHOI KiCTKN.

MepcnekTUBHUM MaTepiasioM AN BUKOPUCTAHHA AK
membpaH ansa CKP e biocymicHi Ta 3aaTHi go 6iogecTpyk-
Lii noniypeTaHoBi maTepann MeLNYHOrO NPU3HAYEHHS,
AKI MaloTb pAA, nepesar y MNOPIBHAHHI 3 iHWMMM NONi-
MepHUMU MaTepianamu. BoHu 3abe3neyyioTb LWMPLLNIA
[iana3oH MEeXaHIYHUX XapaKTePUCTUK, MOXYTb OyTn
CMHTE30BaHi 3 pery/siboBaHO LWBUAKICTIO bioaecTpyKu,i,
a TaKOX [,03BONAKOTL BAPitOBATU XiMIYHWIA CKNaA oA no-
KpaLLLeHHA B3aEMOZIi 3 OTOUYOUYMMM TKaHUHaMK. Buco-
Ka biocymicHicTb noniypeTaHiB 3abe3neyyeTbcsa HasnBHiC-
TIO B CTPYKTYypi ypeTaHoBux rpyn (-NH-COO-), 6a13bKux
3a ximiyHot 6yaoBOlO 40 MenTuaHoi (amigHoi) rpynu
6inkis (-NH-CO-) [18, 19].

BigoOMO BMKOPUCTAaHHA ypPEeTaHBMICHMX MNOAIMepiB
B pi3HMX 06/1acTAX MegMLMHUM, 30KpeMa fIK HaKiCTKo-
BWX MJIACTUH A/1A OCTeoCuHTe3sy [18], meguuyHux Kneis 3
npopereHepatopHMmu [19] Ta aHTUCENTUYHUMMN BNACTU-
BocTaMM [20, 21], aKi B 3aTBepaifiomy BUrALi ABAA-
I0Tb CO60I0 MOoNIMEpPU 3LMTOT CTPYKTYPU 3 HasIBHUMMU
YPEeTaHOBMMM Ta CEYOBUHHMMM 3B’A3Kamu. HasaBHICTb
ceyoBMHHMUX 3B’A3KiB (-NH-CO-NH-) y cTpyKTypi noniy-
petaHceyoBuHKU (MYC) 3HAYHO BN/AMBAE Ha Moro ¢isu-
KO-MeXaHiYHi Ta XiMi4Hi BNacTMBOCTI. 30Kpema, Cu/ibHa
NOMIAPHICTb CEYOBMHHUX TPyn MiABUWMUTL rigpodinb-
HICTb NONiMepy, a OT)Ke i CNOPIAHEHICTb 3 OTOUYUYMMU
TKaHMHAMM, NPUCKOPIOBATUME TiApOoi3 Yy BOAHOMY ce-
pefoBuLLi, Wo 0cobaMBO BaXKAMBO A1A 6iOpO3KAALHUX
membpaH.

TaKMM YMHOM, 3BarKaloun BUCOKY BiocymicHicTb, pe-
ryNboBaHi Gpi3avKo-XimiuHi Ta mexaHiuHi BnactmsocTi, MYC
MOYTb BMCTyNnaTM NEPCNEKTUBHOK aNbTEPHATUBOMD
iCHYtOUMM NoSIIMEPHMM MaTepianam y CnpsaMOBaHil pe-
reHepaLiii KiCTKOBOi TKaHWHU, MOEAHYHOUYN ONTUMAbHY
MeXaHiyHy NigTPMMKY Ta biogecTpyKuito BignosigHo A0
notpeb KAiHiYHOro 3acTocyBaHHS.

OAHMM i3 KAOYOBUX eTaniB AoCNigMeHb, nos’a-
3aHMX 3 OB6rPYHTYBAHHAM BWKOPWUCTAHHA MONIMEPHUX
membpaH CPK € BUBYEHHA ix 34aTHOCTI Ao BiogecTpyKuii
B MOZAENbHUX YMOBaXx in vitro. OCKiNbKM B yMOBaXx imn-
NaHTauii npoayKTn 6iogecTpyKLii MOXKYTb BNANBATU Ha
nepebir pereHepaTopHUX MPOLECIB, BaXXKAMBUM € [0O-
CNifXKEHHA LMTOTOKCUMYHOCTI NoAiMepHUX MmembpaH 3
BMKOPUCTAaHHAM TKaHUHHOI KynbTypu ¢ibpobnacTis, wo
[,03BOJIIE OLLIHUTK iXHIO BiOCYMICHICTb Ta NOTEHLiNHWI
BMJINB Ha KNITUHHY pereHepau,ito.

OTpuMaHi pesynbTaT A03BOAATL OLLHWUTM Mepchek-
TUBM BMKOPUCTAHHA TaKUX MmaTepianis y biomeanuHmx
LiNAx, @ TaKoXK CNPUATUMYTb IIMBLLIOMY PO3YMIHHIO Me-
XaHi3MiB ix gecTpyKLii y bionorivHoMy cepeaoBULLi.

BpaxoBytoun HaBegeHe, NMOCTAaE HEOOXiAHICTb Y A0-
CNigXKeHHAX MnoTeHUiany noniypeTaHCeYoBWMH fAK MOAi-
MepHUx 6iope3opbTMBHMUX MeMbpaH ANnA CNpAMOBAHOI
pereHepaLii KiCTKOBOI TKaHWHU LWeNenHo-INLEBOI Ai-
NAHKMN.

Merta gocnigKeHHs.

MeToto poboTu 6yn0 BMBYEHHS BiogecTpyKLii Ta bi-
OCYMICHOCTI NoniypeTaHCeYoBUH B YMOBAXx in vitro, ik
NnepcnekTUBHUX MembpaH Aas CNpsMOBAHOI KiCTKOBOT
pereHepaLiii.

06’eKkTH | MeToaM OOCNIOYKEHHA.

O6’eKTW JOCNIAKEHHA — MONIYypPEeTaHCEYOBUHMN, OTPU-
MaHi Ha OCHOBI cymiwi maKpoaiizouiaHaTtis (MAI), cuH-
Te30BaHuX i3 2,4-;2,6-TonyineHgiisouiaHaTy Ta NONIOKCKU-
nponinexrnikonis (MOMI) 3 MONEKYAAPHUMKU Macamm
1002 i 2002 y cniBBigHOwWeHHi 1:1 [22]. Mpwu Ty*KaBiHHI
nia snanMeom Bonorn nositpa MAI 6ynn cbopmoBaHi B
noniypeTaHCe4oBUHM Y BUIAAI NNIBOK 3a4aHoi dopmu
3 ToBWMHOW 0,2 mMm.

IHKyb6auia 3pa3kis MYC y 6ionorivHoMmy cepenoBuLLi
NpPoOBOAMNAACL HACTYMHUM YMHOM: MOJiypeTaHCce4yoBU-
HU Yy BUIIALI NNIBOK PO3MIilllyBaiv B CTEPUbHI BIOKCH,
nicns yoro goaasanun 25 mn 6ionoriyHoro cepegoBuLLa
199 (BC 199) BupobHuuTea TOB «BIOTECT/IAB», Ykpai-
Ha. 3pa3Ku BUTPMMYBa/IM B TEPMOCTATI 33 TemnepaTypm
(37+1)°C npotarom 1, 3 Ta 6 micauis. 3miHIOBaNAN PO3UH
MOZENbHOr0 cepefoBuLLa MpW BTPATi CTEPUALHOCTI,
KOHTPO/IOKOYM 33 3MiIHOK KONbopy cepegosuwa. Micna
3aKiHYEHHA BiANOBIAHUX TEPMIHiB iHKybaLji 3pa3Kku aj-
CTaBann, NPOMMBaNN AUCTUIbOBAHOK BOAOK Ta BUCY-
LWyBanuM 40 NOCTIMHOI MacK 3a KIMHaATHOI TemnepaTypu.

MiyHicTb npu po3pwusi (o, MlMa) Ta BigHOCHe NoAoB-
YKEHHA Npu po3puBi (g, %) cnHTesoBaHux MYC, BU3HAYa-
v 3a 1SO 527-3 Ha moaepHi30BaHin malwuHi 2166 P-5 3i
LBUAKICTIO pO3lUMpeHHaA 3axBaTis (50+5) mm/xB i WBuKA-
KicTio dikcauii pesynbraTie 0,01 c.

I4-cneKkTpu noranHaHHA B obnacti (650—4000) cm?
6ynn 3HATI Ha IY-cnekTpomeTpi 3 dyp’e nepeTBOpeH-
HAM ,Tensor-37" ¢ipmu «Bruker» meTogom nopyLueHoro
NOBHOIO BHYTPiWHbOrO BiabutTa (MMNBB), 3 BUKOPUCTaH-
HAM MNPU3MKU-Tpanewii Kpuctany anmasa (4ncno Bigo-
bparkeHb N = 1, KyT nagiHHA ¢ = 399).

MeTog, TKaHWHHOI KynbTypu ¢ibpobnactis by Bu-
KOPUCTaHUI ANnA ouiHKM BiocymicHocTi 3paskis MYC B
ymoBax in vitro. MeTog, FpyHTYETbCA HA Ky/NbTUBYBaHHI
NiAWKIPHOT KNITKOBMHM Binnx wypis ninii Wistar y cTaH-
OAPTHUX YMOBaX, WO cnpuse pocTy ¢ibpobnacTnyHmx
enemeHTiB [23, 24]. AN OTPUMAHHA TKAHWUHHOT KyNbTy-
pu dibpobnacTiB NpoBOANAN eKCNNaHTaLit0 pparmMeHTiB
NigLWKIPHO-*XMPOBOi KNITKOBMHM LWypiB NiHii Wistar, Aki
po3milLyBann y dnakoHn Kappens 3 }KUBUAbHOK CyMiLl-
wio. Cymiww cknaganaca 3 Asox ¢pas: TBepaa dpasa —nnas-
Ma KpOBi MiBHA Ta emMbpioHaNbHUIA EKCTPAKT Kypsaumx
embpioHiB; piaka ¢asa — cepegosuuie 199 (Biowest,
®paHuia) Ta cMpoBaTKa KpPOBi BENMKOI poratoi xygoom
(Biowest, ®paHuia). Oxepenom pocty ¢ibpobnactny-
HUX efnemeHTiB Oyna KynbTMBOBaHa TKAaHMHA, a came
NiAWKIPHA KNITKOBUHA BiNMX LLypiB.

Yci npoueaypu 3 eKcnepMMeHTaslbHUMM TBapUHaMMU
3AiMCHIOBANNCA BigNOBIAHO A0 NPUHLMMIB, BUKIAAEHUX
y EBpOMencbKili KOHBEHL,i NPO 3axMCT XpebeTHMX TBa-
PWH, WO BMKOPUCTOBYIOTLCA B €KCMEPUMEHTANIbHUX Ta
iHLWKMX HayKoBMX Linsx [25].

MPyny eKCnepuMeHTY: KOHTPOJIbHA (Ky/bTUMBOBAHI
TKaHMHM) Ta JocnigHa (Ha TpeTio f06y KynbTMBYBaHHA
npoBoAATb 3aMiHy pigKoi ¢asu ekcTpakTom 3 BUMNPOOG-
HOro 3paska). [lnA OTpPUMaHHA eKCniaHTaTiB b6yna Bu-
KOopWCTaHa ofHa TBapuHa — binni wyp nopoam Wistar,
cameup, Baroto 150 r. 3aranbHa KibKiCTb OTPUMaHMX
€KCMNAHTaTIB NigLWKiPHO-*XMPOBOT KNITKOBMHM — 30 WITYK
(po3mipom He 6inblue 1,5 mm B nonepeyHuky): 15 — go-
cnigHa rpyna, 15 — KOHTponbHa rpyna. 3aranbHa Kinb-
KicTb ¢dnakoHiB Kapenna 3 ekcnaaHTatamm — 6 WTYK: 3
— KOHTPO/bHA rpyna, 3 — gocnifgHa rpyna.

350

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguumnn — 2025 — Bun. 2 (177) / Bulletin of problems in biology and medicine — 2025 - Issue 2 (177)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

EMO6pioHanbHUA eKCTpakT OyB MNPUroTOBAEHWUN 3
iHKy6aUiiHNX feub Kypen (12 wTyK) 3 10-12-geHHUMHK
embpioHamu.

MogaenbHe cepenoBuLLe ekCTpaKLii — ¢isionoriyHni
po3unH (0,9%-HWii BOAHWI PO3YMH HATPIO XA0pUAY,
dapm.). CniBBiAHOLWEHHA MiXK Barot A0CNAigHOro mate-
piany Ta 06’emom ¢i3ioNnorivHOro pPo3yYnHy CTaHOBWUIIO
200 mr : 1 mn. EKcTpaKkuito nposoanam 3a tTemnepartypum
37°C npotArom 72 rogmH. YMOBM eKcnaaHTauii AK onu-
caHo [24].

Ha 3, 5, 7 i 10 poby npoBoamniv cnocTepeXKeHHA 3a
POCTOM KOMMAKTHOI, CiTKONoAibHOi 30HU i 30HK Mirpy-
toumx ¢ibpobnacTMUHMX enemeHTiB, BMKOPUCTOBYHOUM
mikpockon MICROmed XS 3330LED, ocHaleHui umdpo-
Boto USB kamepoto MDC-500 5 MPix. Kputepiit BuaineH-
HA 30H — XapaKTep po3TalwyBaHHA ¢ibpobracTUUHMX
eNleMeHTiB, Wo pocTyTb [23]. [lo KOMNAKTHOI 30HM Bia-
HOCUAW AINAHKW, A€ KNITUHW PO3TallOBYBANNCA LWi/IbHO
Ta aKTMBHO pocaun. CiTkonoaibHa 30Ha BKAOYana AinsaH-
KM, B AKMX KNITUHHI TAXKI GOpMyBanncsa, aHacTomo3yBa-
JIUCA Ta PO3rany}KyBasnca. 30Hy MIrpytoumnx esnemeHTiB
BM3HAYa/M 3a BEPLWMHAMMU i30/IbOBAHUX KAITUHHUX
TAXKIB, WO BpOCTanu y TBepAy $asy *KMBUALHOIO cepe-
OOBMLA Ta JOCATA/IM MiCUA PO3TallyBaHHA OKPEMO ne-
AUUX KNITUH.

JocnifyeHHA pocTy Ta PO3BUTKY KAITMHHUX ene-
MEHTIB NiALWKIPHOT KNITKOBMHM BinunX LLypiB NpoBognAK
Ha 3,5,7,10i 14 noby.

Pe3ynbTatu AocniaKeHHA Ta ix 06roBopeHHs.

MopiBHANbHI  di3UMKO-mexaHiuHi BuUNpobyBaHHA €
BaXK/IMBMM €TANOM OLiHKM 34aTHOCTI Ao biogecTpyKuii
noniMepHUX maTepianis B ymMoBax in Vitro, OCKiNbKKM 3a
3MiHOK MexaHIYHUX XapPaKTePUCTUK MOMKHA CMPOrHO3y-
BaTM NOBEAIHKY AOCNIAKYBAHMX MaTepianis B peasnbHUX
YMOBaXxX eKcrnyaTalil.

3 MEeTOH OLHKM 34aTHOCTI NoniMepHMX maTtepianis
8o b6iogectpykuii 6yan nposedeHi NOPiBHAMbHI ¢i3u-
KO-MeXaHiYHi BMNpobyBaHHA 3pa3KiB MOAIMEepPHUX ni-
BOK A0 Ta nicna iHKybauii B 6ionorivHoMy cepenoBuLi
199 (tabnuua). JocnigsKeHHA cnpsMoBaHe Ha BM3Ha-
YEHHA 3MiH Y MEXaHIYHMX XapaKTEPUCTMKAX maTepia-
Ny, WO MOXYTb CBIZYMTM MPO Npouecn AecTpyKuii abo
CTPYKTYPHUX NEPeTBOPEHb Y NOIMEPHIN MaTpuL,.

3rifHO 3 OTPUMAHMMWU AAHMMMU, MICAA BUTPUMKN B
bionoriyHomy cepenoBuLl npotarom 1 micaua cnocrepi-
ra€TbCA NiABULLEHHA MILHOCTI NPY PO3PMBI Ta SMEHLLIEH-
Hs BIAHOCHOIO BUAOBKEHHS. Lle Moxe 6yTh 3ymoBieHo
penakcauimHMMKM npouecamu nonimepy y cepesoBuLLi
BC 199. OgHak nicna 3 micAuiB iHKybaLil po3noymHa-
€TbCA npouec bioaecTpyKu,ii, AKMI 3aBepLUYETHCA Yepes
6 micAuiB, Ha WO BKA3y€e NOCTYNoBa BTpaTa MexXaHivyHUX
B/IaCTUBOCTEN maTepiany.

Mpouecu bioaecTpyKuii, Wo BigbyBatoTbCA Nig BNAN-
BOM 6i0/IOriYHMX areHTiB, CYNpPOBOAXKYIOTLCA 3MiHaMM
Yy CKNafi Ta CTPYKTYypi nosfimepHUX matepianis. |4-cnek-
TPOCKONIiA € OAHUM i3 HaNepeKTUBHILLMX MeToAiB A0Ci-
OXKEeHHA XiMIYHOT CTPYKTYPU NOoNiMepHNX MaTepianis, WO

Tabnauusa — 3miHa $pisuko-mexaHiuHux Bnactusocreii NYC

nig snamsom BC 199 B vaci

[,03BOJIAE OTPUMATU iHPOPMALLiIHO NPO HAABHICTb PYHK-
LiOHANbHUX TPYN, XapaKTep XiMiYHUX 3B’A3KiB Ta 3MiHW B
nonimepHiin MmaTpuui nig BNJIMBOM 30BHiLWHIiX GaKTOpIB.
3aBAAKM BUCOKIM YyTAMBOCTI L0 MONEKYASPHUX KOAU-
BaHb LLe MEeTOZ, LUMPOKO 3aCTOCOBYETLCA A1 BUBYEHHSA
npouiecis 6iogecTpyKLii nonimepis.

3rigHO oTpumaHux pesynbtatie 14-cnektpu NYC xa-
PaKTEPM3YIOTbCA HA ABHICTIO CMYT MOMIMHAHHA vV,
—-3308 cm™iv,, . — 3500 cm™ (puc. 1, puc. 2). Cmyru
nornnHaHHa 2970 cm?, 2968 cm?, xapakTepusytoTb Ae-
dopmauiiHi konmeaHHA C-H 38’s3Ky.

2868
008 4 : i —— PUS (control)
v | PUS, 1 month
—— PUS, 3 month
0,06 —— PUS, 6 month
é 0,04 4
€ 002-
0,00
-0,02 T T
2600 2800 3000 3200 3400 3600 3800

v, Gm

PucyHok 1 — ®parmeHnTt I4-cnektpy (2600-3800) cm™ NYC
nicns iHKy6auii y 6C 199.

0,54
1u|92 —— PUS (control)
PUS, 1 month
0,44 —— PUS, 3 month
—PUS, 6 month
034
2
g
£921
0,14
0,0-
T . T v T v T - T d T ” T v
600 800 1000 1200 1400 1600 1‘850
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PuUcyHoK 2 — ®parmeHT I4-cnektpy (600-1800) cm MYC
nicns iHKy6auii y 6C 199.

Cnocrepiraetbcs cmyra norinMHaHHA v 1726 cm?
COO-rpyn ypetaHOBOro ¢bparMmeHTy, CMYrv NMOMIMHAHHA
Voc 1092 cmt Ttav, o 1373 cm?, Ta cmyra nomiMHaH-
HA 3 Makcumymom 1535 cm?, wio Bignosigae KonnsaH-
HAm 8, ypeTaHoBoro dparmeHTy. Mig snansom BC 199
CNOCTEPIraeTbCcA NiABULLEHHA iHTEHCMBHOCTI Ha OAMH
micaup iHkybauii v, . —3308 cmtiv,, . —3500 cm?
B MOPIBHAHHI 3 KOHTponem. Mpu noganbluiit iHKybau,i iH-
TEHCMBHICTb v, . — 3500 cm™ Ha 3 Ta 6 micAuis aewo
3HUMKYETBCA, afie 3a/MLIAETbCA OiNblioo B
nopiBHAHHI 3 KOHTponem. CnocTepiraerbcA

nepeposnogin iHTEHCUBHOCTEN CMYr MNOMAK-

3pasku nyc HaHHA 2970 cm™ Ta 2868 cm™?, AKi xapakTepu-
TepMmiH iHKy6au,ii Control 1 month 3 months 6 months 3ytoTb AedpomauinHi KonneaHHs CH-38’A3Ky.
g’“m‘_‘lg“ NPYPOSPHUBL, | 4 9840,04 | 2,90£0,24 | 1,76+0,14 - B o6nacTi (600-1800) cm™ 3i 36inbLIeHHAM
i TepMiHy iHKyb6aLji cnocTepiraeTbCs 3MeHLEH-
BiarocHe NoAoBXeHHA | 334 0437 31240,0+18,0| 660,055 | 75,0474 PMIHY [HKYOaUl piraetb
npu pospusi, £, % HA iHTeHcuBHOCTI v 1726 cm™ Ta 6, 1535
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PucyHoK 3 — Mo4aToK pocTy KAITUH B KYNbTYpi NigLWKipHO-}KUPOBOT
KNITKOBUHM WypiB Ha 3 f06y B KOHTpoi. 36inbluieHHA: x100.
cm™, cmyru noriMHaHHA v o 1092 cm Ta 928 cm * He-
3HAYHO 36iNbLUIYIOTb CBOKO IHTEHCUBHICTb. [HLWi cMyruy no-

TIMHAHHA 6€3 CYyTTEBMX 3MiH.

TakoX CnoCTepiraeTbCcA NosABa CMYrM MNOMMHAHHA
npu ~1650 cm? 3i 36inblIEHHAM TepMiHy iHKyb6aLii, Wwo
BKa3Yy€ Ha aKTUBHI CTPYKTYPHi 3MiHK nonimepy nig, Bnau-
BoM bionoriyHoro cepeposuiLa. La cmyra moxe 6ytu
nos’asaHa 3 amigHumu | KonmeaHHamu (vC=0) Kapba-
MiZHMX ab0 ypeTaHOBUX rpyn, LLO YTBOPOOTL BOAHEBI

3B’A3KM 3 Mmoiekynamu soaun abo KOMMNOHeHTaMM cepe-

. *

PucyHoK 5 — KomnakTHa Ta citkonogibHa 30Hu pocty ¢pibpobnacris
Ha 7 poby KynbTMBYBaHHA B KOHTpPOAI. 36inbeHHs: x100.

PUCYHOK 6 — [lereHepaTUBHI 3miHU B KyabTypi ¢pibpobnactis
Ha 14 poby B KoHTpoi: 36inbweHHs: x100.
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PucyHok 4 — Citkonopai6Ha 3oHa pocty $pibpobnaacTuuHmx enemeHTis
Ha 5 f06y KynbTMBYBaHHA B KOHTPOAI. 36inbweHHsA: x100.

[0BULWA. TaKOXK BOHA MOMKE CBIiAUMTM MPO NOMIMHAHHA
BogM, nedopmauiiiHi KonmeaHHA sKoi (OH—O—H) nposs-
NATLCA B Wi 0bnacTi, abo Npo yTBOPEHHA MPOAYKTIB
[erpagauii, Taknx AK BTOPUHHI amigm 4m KapboKcubHi
Kucnotu. Kpim Toro, B3aemogia nonimepy 3 biomoneky-
Nlamu cepeaoBULLA, HAaNPUKNaa 6inkamu, moKe CpuaTu
3POCTaHHI0 iIHTEHCMBHOCTI LiEl cMyrun Yepes agcopbuiito
6iNKOBMX MOIEKY/ HA MNOBEPXHi Nonimepy.

B pesynbtati nposegeHoro |Y-cnekTpockomniyHoro
aHani3y MoMHa AiTW BMCHOBKY, WO Nig Bnansom 6io-
" - i . -

PucyHok 7 — Citkonopai6Ha 30Ha Ta 30Ha pocTy oaMHUYHUX ¢ibpo-
61acTUYHUX enemMeHTIB Ha 5 A06y KyNbTMBYBaHHA NPU BHECEHHI
BUTAXKKM i3 3pasKa: 36inbweHHA: x100.

Vi al . F% F

PucyHoK 8 — KomnaKTHa 30Ha pocty ¢ibpobnacTuuHux enemeHTis
Ha 7 o6y KynbTMBYBAHHA NPU AOCNiAMKEHHI 3pa3ka NYC:
36inbweHHs: x100.

352

ISSN 2077-4214. Bicuuk npo6nem Gionorii i meguuunm — 2025 — Bun. 2 (177) / Bulletin of problems in biology and medicine — 2025 - Issue 2 (177)

https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

JIOriYHOro cepefoBULLa y NosiMmepi BiabyBatoTbCA CTPYK-
TYPHI 3MiHK, AKI NPOABAAOTLCA Y B3aEMOAIT 3 MOJIeKy/a-
MW CepeioBULLA, YaCTKOBIN AeCTPYKLT GYHKLiOHaNbHMX
rpyn Ta JIOKafbHIM pecTpyKTypusauii. MigBULLEHHA iH-
TeHcmBHOCTI cmyr v, (3308 cmt i 3500 cm?t) Ha paHHix
eTanax iHKkybauii cBigYMTb NPO YTBOPEHHA BOAHEBMX
3B’A3KIB i3 KOMNOHEHTAMM CepefoBULLA, @ X 3HUNKEH-
HS 3 Yacom — Npo gecTpykuito NH-3B’A3KiB abo ix nepe-
po3snogin. MNepeposnoain iHTeHcnBHocTel cmyr CH-rpyn
(2970 cm i 2868 cm) BKasye Ha aedopmaLiiHi 3MiHK
B METWU/IbHUX Ta METUIEHOBMUX TPynax. 3MeHLIEHHS iH-
TeHCMBHOCTI v (1726 cm™) i 6, (1535 cm™) cBigunThb
npo ximiyHy moamnoikaLito KapboHiINbHUX i KapbamigHMX
rpyn yepes rigponis UM OKUC/EHHS, TOAi AK 36inblieHHA
iHTeHcmBHOCTI v (1092 cm™ i 928 cm™) moske ByTw
nos’A3aHe 3 yTBOPEHHAM HOBUX edipHUX 3B’ A3KiIB.

Moaga cmyrn ~1650 cm™ € 03HAKOK XiMiYHOI AeCTPYK-
Lii nonimepy, 3miHu 1oro BogHeBMX 3B’ A3KiB i B3aeEMoAT
3 BionoriyHUM cepefoBULLEM, LLO BAIMBAE HA KOO CTa-
BinbHicTb i PyHKLiOHANbHI BAAcTMBOCTI. 3aranom, pe-
3yNbTaTU CBiAYaTb MNPO aKTUBHY B3AaEMOLiO Monimepy 3
6ionoriyHMm cepefoBULLEM, LLO CYNPOBOAKYETLCA MOrO
YaCTKOBO AECTPYKLiE Ta MoandikaLieto.

BugveHHA 4UMOMOKCUYHOCMI 3pa3Kie rnosiypemanx-
cevyo8UHUX mMamepiasnie MemodoM MKAHUHHOI Kynbmy-
pu pibpobaacmis.

OuiHKa unToToKCcMyHocTi MYC € BaXKAMBUM eTanom
OOCNiAXKeHHs BiocymicHOCTI nosimepHUX maTepianis B
KOHTEKCTi MegMuHnX BUPobIiB i maTepianiB, LLO KOHTaK-
TYIOTb i3 TKAaHWMHaMK opraHiamy. OcobanBO aKTyaNbHUM
€ OUiHKA LMTOTOKCMYHOCTI MONIMEPHUX MaTepianis y
KynbTypi ¢pibpobnacTis, ocKinbKu ¢ibpobaacTu € ogHieto
3 K/I0OYOBMX KAITUHHUX NOMYAALIA CNONYYHOI TKAHMHM,
LLLO BiZirparoTb KPUTUYHY PO/b Y NpoLEecax pereHepauii
Ta 3arO€EHHA paH.

Ons pocnipReHHa GiocymicHocTi 3paskiB nonimep-
HUX MeMbpaH Ha OCHOBI NoJsliypeTaHce4yoBMH ByB 3acTo-
COBaHUI METOZ KNITUHHOI KyNbTypu pibpobnacTis, Ak
€ MOZE/IbHO TECT-CUCTEMOIO Y TOKCUKOMIOFIYHOMY eKC-
nepumeHTi [23].

MoyaToK poCTy B KOHTPOAi ByB NpeacTaBNeHN yTBO-
PEHHAM OANUHUYHUX KAITUH BUTATHYTOT dOpMHM, @ TaKOXK
NOOANHOKO Mirpytounmmn ¢ibpobnacTMYHUMKN enemeH-
Tamu, WO Manu BepeTeHonoaibHy dopmy (pmc. 3).

Hagani akTuBHIiCTb pocty ¢ibpobnactuyHmx ene-
MeHTiB 36inbwyBanaca. Ha 5 goby y dnakoHax Kappens
NAOLLi POCTY B OCHOBHOMY NpeACcTaB/eHi 4BOMA 30HaMM
CiTKONOAi6HOM, L0 CKNAAAETHCSA 3 MYYKIB i TAXKIB KNITUH,
AKi pO3TallOBaHi CITKONOAIOHO Ta 30HM Mirpytoumx ene-
MeHTiB (puc. 4).

Ha 7 poby 30HM pocTy po3ginvnnca Ha Tpu: KOM-
NaKTHY, CITKONOAi6HY, Ta 30HY OAMHUYHUX MIrpyrUmx
enemeHTiB. Habinblua KiNbKiCTb KNITUH, WO AinATbCA,
crnocTepiranacs B ciTkonoAibHin 3oHi (puc. 5).

Ha 10 poby nicna ekcniaHTau,ii BiadbyBaeTbca 36ib-
LWEHHA 30H POCTY, CMOCTEPIraETbCA TKAHMHOMNOAIGHWM
picT. Y KOMMAKTHIW 30Hi BUABAANUCA O3HAKWU AereHepa-
TUBHUX 3MiH OAMHUYHUX GIBPOBNACTUYHUX eNeMEHTIB,
AKi BMparKaNuCb B BaKyosisauii 3 NOAaNnblUMM 3€pHU-
CTUM NepPepoaKEHHAM LLUTOMNAA3MU KAITUH. Ha 14 aoby
KNITMHHA NONyNALA BCTyYNana B CTaZito BUPAKeHOi ae-
reHepadii (puc. 6).

Pict KniTMH Ha 5 poby AOCANiAMKeHb eKCTpaKTiB 3i
3paskiB MYC nNpaKTUYHO He BiAPI3HABCA Bif, KOHTPOIO,

PucyHoK 9 — KoMnaKTHa Ta ciTkonoaibHa 30HU poCTy KAITUHHUX
efieMeHTiB Npu AocniaXKeHHi 3paska NYC Ha 10 goby:
36inbweHHn: x160.

PucyHok 10 — [lereHepaTuBHi 3MiHK pibpobnacTMuHUX enemeHTiB
Ha 14 noby npu AocniAKeHHi nonimepHOro 3paska :
36inbweHHA: x100.

ane 6yna npucyTHA mirpauis ¢ibpobaacTUUHNX enemeH-
TiB MmakpodaronoaibHoi dopmu (puc. 7).

Mopanblie cnocTepexkeHHA 33 POCTOM Y Lmx diako-
Hax He NoKa3ano 3Ha4YHMX 3MiH y OpPMyBaHHI 30H pocTy
HABKOJ/IO eKCMN/aHTaTiB. fIK i B KOHTpOAi, Ha 7 goby ao-
CNiAyKeHb CNOCTEPIratoTbCA TPU 30HM POCTY: KOMMAKTHa,
ciTkonoaibHa Ta 30Ha MOOAMHOKO MIrpyHOUYMUX €/IEMEHTIB,
3yCTPiYalOTbCA KNITUHM NoAiroHanbHoi dopmu (puc. 8).

Ha 10 goby nicns ekcnnaHTaLii y BCix dnakoHax Kap-
pensa 36inblwmaMca naoui 30H pocty ¢ibpobaacTUuHmx
Ta ¢$ibpobnacTonogibHUX enemeHTiB, B MOPIBHAHHI 3
KOHTponem. O3HaKM gereHepaTtMBHUX 3MiH, BUpPAXKEHi
y BaKyoni3zauii KNiTuH, 6ynn npucyTHi B KOMMNaKTHIN Ta
ciTKonoAibHil 30Hax (puc. 9).

Ha 14 poby Ak B gocnigHux ¢dbnakoHax, TaK i B KOH-
TPONbHUX, NONYAALIA KAITUH BCTynana y ¢asy Buparke-
HOT AlereHepau,i, Wo BMABAANOCH B 3HAYHII BaKyoi3aLii
LMTONAA3MM Ta 3€PHUCTOMY NEPEPOSKEHHI T B KNITUHAX
(puc. 10).

TaKMM YMHOM, METOA0M TKAaHMHHOI KynbTypu ¢ibpo-
61acTiB BCTAHOBNAEHO, LLO NPW BHECEHHI eKCTPaKTy 3i
3paskis MNYC B cepenoBuLLEe KyIbTUBYBAHHA AMHaMIKa Ta
XapaKTep PO3BUTKY KNITUHHWUX eNeMeHTIB He Biapi3HA-
JINCb Bif, KOHTPOJIIO.

BucHoBKuM.

1. NoniypeTaHce4YoBMHM NPOAEMOHCTPYBANM 34aT-
HIiCTb [0 KOHTPO/IbOBaHOI HiofAecTpyKuUii y moaenbHUX
ymoBax in vitro. MNpouec AecTpyKLii 3aBepLlyeTbca nNpo-
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TArOM 6 MmicAuiB, WO CynpOBOAKYETbCA MOCTYNOBOIO
BTPATOD MEXaHIYHUX BNACTUBOCTEN Ta CTPYKTYPHUMMU
3MiHamu B nonimepi. I4Y-cnekTpockoniyHMi aHanis nig-
TBEPAMB aKTUBHY B3aEMOAit0 MaTepiany 3 bionoriyHnm
cepefoBULLEM, WO NPM3BOAUTL A0 Moaudikauii GyHK-
LiOHaNbHWUX Tpyn, Tigponi3y, OKUCNEHHA Ta YTBOPEHHA
HOBUX XiMIYHMX 3B'A3KiB.

2. MeToaoM TKaHUHHOT KynbTypu ¢ibpobnactis go-
BeAEeHO BiACYTHICTb LUTOTOKCMYHOTO BNAUBY AOCAIAHUX
3pasKiB NoJsliypeTaHCeYOBMH Ha AMHAMIKY POCTY Ta pO3-
BUTOK KNITUH.

3. OTpumaHi pesynbtaTM A03BONAKOTb PO3rNALaTU
NnoniypeTaHCe40BUHM AK NEepCneKTUBHUI maTepian gna
3aCTOCYBaHHA Yy CNpPsSMOBAHIA pereHepauii KicTKOBOI
TKaHWHU B LWENEenHO-NMLUEBIN AinAHui. BuByeHa 3aaT-
HicTb 00 6iogecTpyKLUii rapaHTye nocTynoBy pe3opbuito
MmembpaHu y npoueci pereHepawii, WO 3HUXKYE PU3UKK

YCKNafHeHb Ta ycyBae noTpeby y BTOPMHHOMY BTPyYaH-
Hi anA ii BUAaneHHa.

4. Pe3ynbTatv AOCNIOKEHHA NigTBEpOXKYHOTb, LWO
NnoniypeTaHce4oBMHU MOXKYTb 6yTM edeKTUBHO BMKO-
PUCTaHI Y MeAMYHMX 3aCTOCYBAHHAX, 30Kpema y codepi
pereHepaTUBHOI MeAUUMHK, Ae HeobXigHa KOHTPO/bOo-
BaHa Aerpagalia matepiany 6e3 HeraTMBHOrO BMNJIMBY Ha
HABKO/INLLHI TKAHUHW.

MNepcnekTMBM NOAANBLUNX [OCNIAMKEHD.

OCKi/IbKK 33 pe3yabTaTaMn NPOBEAEHNX AOCNIAKEHD
MYC npoaemoHCTpyBanm 34aTHICTb A0 bioaecTpyKuii Ta
BiACYTHICTb LMTOTOKCUMYHOIO BMJINBY B YMOBAX in Vitro,
B MOAA/NbLIOMY 3aM1aHOBAHO TOKCUMKOOTiYHI BUNPOOY-
BaHHA B YMOBaXx in vivo Ta NpoBefeHHA MOAEeNbHUX one-
paLili Ha eKcnepuMeHTaNbHUX TBAapUHAX WoAO0 Hanpas-
NIeHOT pereHepauii KiCTKOBOI TKAHWHWU 3 BUKOPUCTAHHAM
3paskiB nofimepHUX membpaH.
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BIOPE3OPETUBHI MEMBPAHU A1 CMPAMOBAHOI PEFTEHEPALLIT KICTKOBOI TKAHMHW HA OCHOBI NOAIY-
PETAHCEYOBUH

AeHuceHko B. ., PoxxHos A. C.

Pestome. Y poboTi npeacTaBneHo pesyabTaTi BCebiYHOro AochiaxKeHHs biogecTpykuii Ta 6iocymicHocTi noni-
ypeTaHceyoBuH (MYC) AK NepcneKTMBHOrO maTepiany AN BUTOTOBNEHHA 6iope3opbTUBHUX MembpaH, Wo 3acTo-
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METOAUN TA METOAUKU / METHODS AND METHODOLOGIES

COBYIOTbCA Y CNPAMOBaHIN KicTKOBil pereHepau,ii (CKP). 3pa3ku MYC iHkybyBanu B bionorivHomy cepegouui 199
npotarom 1, 3 i 6 micAyis. Micna KOXHoro etany iHKy6aLii npoBoAnAM OLiHKY i3MKO-MeXaHi4YHWX BNAaCcTUBOCTEN Ta
CTPYKTYpU meToaom I4-cneKkTpockonii. biocymicHicTb 3paskKiB nosimepHUX membpaH Ha OCHOBI NOiypeTaHCeYoBMH
OLLHIOBaIM METOAOM KAITUHHOI KynbTypu ¢ibpobnacTis, AKMIA € MOAENBHOI TECT-CUCTEMOID Y TOKCUKONOTIHHOMY
eKkcnepumeHTi. 3a pesynbratamm [Y-cnekTpockoniyHoro aHanisy nig aieto 6ionoriyHoro cepegoBumLLa B Monimepi Big-
6yBatoTbCA 3HAYHI CTPYKTYPHI 3MiHK, 30Kpema B3aeMOZiA PYHKLiOHaNbHUX FPYN 3 MONEKYNaMK cepefoBuLLLa, YacT-
KOBa [AECTPYKLia XiMiuHMX 3B’A3KIB Ta /I0Ka/ibHa nepebyaosa nosimepHoro faHutora. OTpuUMaHi cnekTpu ceigdatb
NPO 3HWUMKEHHSA IHTEHCUBHOCTI CMYT MOMTMHAHHS, XapaKTePHUX 419 YPETaHOBUX i CEYOBUHHMX 3B'A3KiB, 30i/bLUEHHS
rigpodinbHOCTI Ta NOABY HOBUX PYHKLiIOHANBbHUX TPYN, XapaKTepHUX ANA NPOAYKTIB riaponisy. 3a pesynbtaTamu
di3nKo-mexaHiuHMX BUNPOobyBaHb BCTAHOB/IEHO, LLO NpoLuec HioAeCTPyKLii MOYMHAETLCS Nicas 3 MicALLIB iHKybaLii 1
[0CAra€e BUpaXkeHoi ¢pasn yepes 6 micAuiB, Ha WO BKA3y€E NOCTYNoBa BTPaTa MeXaHiYHMUX BNAaCTUBOCTEM maTepiany.
MeToaoM TKaHWHHOT KyAbTypu ¢ibpobaacTiB BCTAHOBAEHO BiACYTHICTb LLUTOTOKCMYHOI Aii 3 BOKY nonimepy: picT,
mopdosioria Ta noagin KNiTUH He Manun BiAXWNEHb Yy NOPIBHAHHI 3 KOHTponem. OTpMMaHi pe3ynbTaTM AEeMOHCTPY-
10Tb, WO MYC MmatoTb BUCOKY BIOCYMICHICTb, KOHTPOIbOBAHY Aerpajalito, MexaHiuHy CcTabiNbHICTb Ha paHHiX eTanax
pereHepaLii Ta MOXXyTb b6yTN ePeKTUBHO BUKOPUCTaHI AK pe30pbTuBHI MembpaHu B LenenHo-nu1LeBil Xipyprii, 3a-
be3neyytoun edeKkTUBHUI bap’epHUt edeKT Ta 3HMKYIOUM NoTpeby y NoBTOpHOMY BTpydaHHi. NMYC moxyTb 6yTH
epeKTMBHO BUKOPUCTaHI Y MeAMYHUX 3aCTOCYBaHHAX, 30Kpema y cdepi pereHepaTUBHOI MeANLNHM, Ae HeobxiaHa
KOHTPO/IbOBaHa Aerpajauia maTepiany 6e3 HeraTMBHOro BM/IMBY HA HAaBKOMLLHI TKAHWUHW.

Knto4oBi cnoBa: cnpsaMoBaHa KicTKOBa pereHepau,is, nosiypetaHce4oBUHK, BiogecTpyKuisa, biocymicHicTb, noni-
MepHi membpaHu, pibpobaactu.

BIORESORBABLE MEMBRANES FOR GUIDED BONE REGENERATION BASED ON POLYURETHANE UREAS

Denysenko V. D., Rozhnov A. S.

Abstract. This study presents the results of a comprehensive investigation into the biodegradation and
biocompatibility of polyurethane-ureas (PUUs) as a promising material for the development of bioresorbable
membranes applicable in guided bone regeneration (GBR). PUUs specimens were incubated in biological medium
199 over periods 1, 3, and 6 months. After each incubation period, physical-mechanical properties and structural
characteristics were evaluated using FTIR spectroscopy. The biocompatibility of the PUUs-based polymer membranes
was evaluated using a fibroblast cell culture model, which serves as a standard test system in biomedical toxicity
screening. FTIR spectroscopic analysis revealed significant structural changes in the polymer under the influence
of the biological environment, including interactions of functional groups with surrounding molecules, partial
degradation of chemical bonds, and local restructuring of the polymer chain. The obtained spectra demonstrated a
decrease in the intensity of absorption bands associated with urethane and urea linkages, increased hydrophilicity,
and the emergence of new functional groups typical of hydrolysis products. Physical-mechanical testing confirmed
that the biodegradation process begins after 3 months of incubation and reaches a pronounced stage by 6 months,
as evidenced by the gradual loss of mechanical properties. Fibroblast culture testing showed no cytotoxic effect
from the polymer: cell growth, morphology, and division were comparable to the control. These results demonstrate
that PUUs exhibit high biocompatibility, controlled degradation, and mechanical stability during the early stages of
tissue regeneration. These properties make PUUs suitable for use as resorbable membranes in maxillofacial surgery,
providing an effective barrier function and minimizing the need for secondary surgical intervention. PUUs can be
effectively applied in medical contexts, particularly in regenerative medicine, where controlled material degradation
without adverse effects on surrounding tissues is required.

Key words: guided bone regeneration, polyurethane ureas, biodegradation, biocompatibility, polymer mem-
branes, fibroblasts.
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