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INVESTIGATION OF THE ABILITY TO BIODEGRADABILITY OF
POLYURETHANE FOAM COMPOSITE MATERIALS WITH ALBUCID
AND THE DYNAMICS OF ALBUCID RELEASE IN VITRO

Studies of biodegradability of polyurethane foam (PUF) composite materials with albucid under the influence of biological
medium 199 (BM 199) and saline solution for 2 weeks, 1, 3 and 6 months by methods IR spectroscopy, physical-mechanical
tests, DSC and TGA were conducted. It was found that the influence of BM 199 and saline solution on the structure and
properties of composite materials with albucid is similar. According to the results of physical-mechanical studies under the
influence of model mediums there are processes of biodegradation which are confirmed by a decrease in adhesive strength
after incubation in BM 199 and saline solution. According to IR spectroscopy, biodegradation is accompanied by redistribution
of hydrogen bonds of NH groups of the polymer matrix. The results of studies by the DSC method indicate a decrease of Tg
and increase of ACP of PUF composites with albucid compared to the control, which is associated with increasing of
segmental mobility of macromolecules under the influence of model mediums and due to the albucid release from polymer
matrix. It was found that PUF and PUF composites with albucid in vitro remain heat-resistant materials, because after
incubation in BM 199 and a saline solution there is an increase in TO and Tmax by the TGA method. Studies of the
dynamics of albucid release from the PUF matrix were carried out. It was found that the composite materials are capable to
the prolonged release of the drug. The amount of released albucid is 36.0 % on the 60th day of the experiment, which does
not exceed the therapeutic dose and has no toxic effects. Therefore, polyurethane foam composite materials with albucid can
be proposed as promising materials for use as implants with prolonged action of albucid in ophthalmological surgery.
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Introduction

The ability to biodegradation in the conditions
imitating the environment of the organism is one
of the most important characteristics of polymers
for medical use as this process is accompanied
by changes in the structure of the polymer which
cause changes of properties and it can influence on
the amount of released drug to the internal envi-
ronment of an organism.

Biodegradation of polyurethanes in vivo occurs
by two complementary mechanisms. It is hydro-
lytic and macrophagal. Hydrolytic biodegradation
is manifested in the hydrolysis of ester, urethane
and later ether bonds. Hydrolytic biodegradation
in vivo is identical to hydrolytic biodegradation in
vitro. Macrophage-mediated biodegradation oc-
curs due to the phagocytic activity of macrophages
and foreign body giant cells [1-3]. Experimental
study of polymer biodegradation in the body us-
ing labeled preparations is a time-consuming pro-
cedure. Estimation of effective rates of polymer
weight loss is also difficult due to the lack of suffi-
ciently clear methods for separation of the implant
from connective tissues and experimental errors.
Therefore, predictions of the polymer biodegra-
dability in vivo are based on the results of in vitro
studies.

It is known that the biodegradation process-
es are influenced by such factors as the chemical
composition of polymer, the hydrophilicity of pol-
ymer matrix, the presence of drug substance and
the drug type etc. [4, 5]. The introduction of fillers
in particular drugs into the composition of poly-
mer materials can affect the rate of biodegradation
process. For example, the presence of levamisole
in the composition of epoxy-polyurethane com-
posite accelerates the biodegradation of polymer
base in the biological medium [6].

An important characteristic of polymers for
medical use is the release dynamics of the drug
and its quantity. It is known [7] that the drug re-
lease from polymer composites is influenced by the
chemical nature of polymer and drug, their phys-
ical-chemical properties etc. Such factor as water
solubility of drug determines the mechanism and
kinetics of its release from a polymer matrix. Well
water soluble drugs are released due to diffusion
that promotes swelling of matrix and degradation
of polymer, while poorly water-soluble drugs are
released mainly due to degradation of polymer ma-
trix 8, 9]. Thus, biocompatible PUF on the basis of
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lysine diisocyanate and glycerol developed by the
authors [10] as implant materials are characterized
by controlled long-term release of anticancer drug
7-tert-butyldimethylsilyl-10-hydroxy-camptothe-
cin which occurs by diffusion and passive hydroly-
sis of urethane bonds.

All these parameters influencing degradation
and release of drugs should be taken into account
when creating prolonged-release preparations to
ensure a uniform release of drugs to an organism
in an acceptable quantity, which will be sufficient
for the manifestation of biological activity and will
not exert a toxic effect.

Polyurethane foams are widely used as polymer
matrices in the creation of biologically active im-
plant materials with prolonged release of drugs
[11, 12]. Therefore, on the basis of diisocyanate
prepolymer we have obtained PUF composite ma-
terials filled with albucid, which show adhesion,
heat resistance and have a microporous structure
[13]. Studies of cytotoxicity [14], irritant action,
acute systemic toxicity and response of soft tissue
of experimental animals to implantation of the ob-
tained composites [15] were carried out. The re-
sults of studies indicate the absence of toxic and
irritating action, as well as safety in accordance
with international standards. This allowed recom-
mending of PUF composite materials with albucid
as implants for ophthalmological surgery.

However, there is a need to study the ability to
biodegradation and the ability to drug release from
the polyurethane foam matrix in vitro. Results of
these researches will allow predicting behaviour of
polymer materials in vivo at their further applica-
tion in medical practice.

Therefore, the purpose of the work is to study
the ability to biodegradation PUF composite ma-
terials with albucid by changing their structure
and properties under the influence of model me-
diums (biological medium 199, saline solution)
for 2 weeks, 1, 3 and 6 months and the dynamics
of the albucid release from the polyurethane foam
matrix in vitro.

Experimental

Materials. PUF (synthesized based on diisocyanate
prepolymer using catalyst 2,4,6-tris(dimethylami-
nomethyl)phenol) and PUF composite materials
with albucid in the amount of 5 wt. % [13] were
objects of researches.

Biological medium 199 (BM 199) (BioTestLab,
Ukraine, pH 7.4-7.7) and saline solution (Novo-
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farm-Biosynthesis, Ukraine) were selected as a
model mediums to study biodegradation. BM 199
imitates the blood plasma and is a complex mix-
ture of proteins, amino acids, carbohydrates, fats,
salts, hormones, enzymes and soluble gases. Saline
solution (sodium chloride solution for infusion)
contains NaCl (9 mg/ml) and water for injection.

Distilled water and drug albucid (LLC “Vitex”
Pharmacy, Ukraine) (molecular weight = 214.243)
were used to study the dynamics of albucid release.

The method of incubation in BM 199 and sa-
line solution. Samples were placed in sterile tubes,
poured 25 ml of model medium and kept in a
thermostat at a temperature of (37 + 1) °C for 2
weeks, 1, 3 and 6 months. Solutions of model me-
diums were changed daily. After defined incuba-
tion terms in the model medium, the samples were
taken out, washed with distilled water and dried to
a constant masse at room temperature.

Study Methods. The structure was investigated on
a Tensor-37 FTIR spectrometer in the range 650-
4000 cm™ by the MATR method with the aid of a
diamond crystal trapezoidal prism (a number of
reflections of N = 1, an incidence angle of ¢ = 39°).

The physical-mechanical properties, in particu-
lar the adhesive strength was determined on the
tension testing machine P 5 in accordance with
[16]. The movement rate of the active clamp was
10 mm/min. Adhesive bonding were prepared us-
ing steel substrates.

Thermophysical properties (glass-transition
temperature (T,), changes of the heat capacity at
the glass-transition temperature (AC )) have been
studied by the DSC method. The study has been
carried out within the interval of temperature
from -90 to +200 °C (TA Instrument Q2000) at
a heating rate 20 °C/min under nitrogen atmos-
phere. Two heating procedures have been carried
out to exclude the influence of the thermal and
mechanical prehistory of the material.

Thermogravimetric characteristics (onset tem-
perature of thermal decomposition (T;), temper-
ature of maximum decomposition rate (T _ ),
weight loss at T;) were studied by TGA. The study
has been carried out within the interval of temper-
ature from +20 to +700 °C (TA Instrument Q50) at
a heating rate 20 °C/min under an air atmosphere.

The study of albucid release from the polymer
samples was performed by spectrophotometric
method. Absorption spectra of the studied solu-
tions were obtained on the “SPECORD M-40"
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device in cuvettes with a layer thickness of 1 cm
relative to the comparison solutions.

Preparation of solutions. Control and experi-
mental samples (average weight 2 g) were placed
in weighing bottles with the ground-in stopper,
added 20 ml of distilled water. The weighing bot-
tles were kept in a thermostat at a temperature T =
(38 £ 1) °C. After defined terms the solutions were
poured out and investigated their absorption spec-
tra. The experimental solutions received from the
samples containing albucid in their composition.
Solutions of comparative (control solutions) ob-
tained from control samples (from samples which
do not contain albucid).

The concentration of released albucid was
found on the calibration graph. For creation of the
calibration graph of dependence of optical density
of solutions on albucid concentration, a series of
aqueous solutions of albucid with different per-
centage concentration: 0.00025; 0.00050; 0.00075;
0.00100 and 0.00125 were prepared. Their absorp-
tion spectra were investigated.

The amount of released albucid from polymer
samples into the solution (A, %) was calculated us-
ing Equation (1) and (2):

A=""100%,

where: A - is the amount of released albucid from
the polymer samples into the solution, %; m - the
amount of released albucid for certain period of
time, g; m, — the masse of albucid introduced into
the polymer, g; C - the concentration of albucid in
the investigated solution, found according to the
calibration graph, %; V - the volume of the solu-
tion in which performed washing-out, ml.
Results and Discussion
To study the ability to biodegradation, PUF and
PUF composite materials with albucid were incu-
bated in the model mediums (BM 199 and saline
solution) for 2 weeks, 1, 3 and 6 months. The influ-
ence of model mediums was evaluated by changes
in their structure, physical-mechanical, thermo-
physical and thermogravimetric properties before
and after incubation.

The structure of PUF and PUF composite materi-
als with albucid was investigated by IR spectroscopic
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Fig. 1. Fragments of IR spectra of PUF before (1) and after incubation in BM 199 (a) and saline solution (b) for 2 weeks
(2), 1 month (3), 3 months (4), 6 months (5) in the range of 3000-3800 cm™!

tests before (control) and after incubation in BM
199 and saline solution. IR spectra were measured
in the range of 4000-600 cm™. Only fragments of
spectra that have changes are presented.

Changes in the valence vibrations of NH groups
in the frequency interval of spectra of 3000-3800
cm™ for PUF were observed. There is an increase
in the intensity of the absorption band v, . with
an approximate maximum at 3571 cm™ after in-
cubation in model mediums. It is connected with
the increase in the number of hydrogen-free NH
groups on the surface layer of the investigated
samples (Fig. 1, curve 2-5).

For PUF composite materials with albucid
changes in the frequency interval of spectra of

Absorption

3000-3800 cm™ were also observed (Fig. 2). There
is a decrease in the intensity of the absorption
band v, . with an approximate maximum at
3571 cm™ after incubation in model mediums. It
is connected with the decrease in the number of
hydrogen-free NH groups on the surface layer of
the samples (Fig. 2, curve 2-5).

Therefore, according to the results of IR spectro-
scopic studies under the influence of BM 199 and
saline solution changes in NH groups involved in
the formation of hydrogen bonds were found. These
changes are due to the redistribution of hydrogen
bonds and are spatial changes in the structure of the
surface layer of the samples (as IR spectra are re-
moved from the surface of polymer materials).

Absorption

T T T T X 1
3800 3600 3400 3200 3000

v, cm’t

3800 3600 3400 3200 3000

v, cm’t

Fig. 2. Fragments of IR spectra of PUF composites with albucid before and after incubation in BM 199 (a) and saline
solution (b) for 2 weeks (2), 1 month (3), 3 months (4), 6 months (5) in the range of 3000-3800 cm™
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Table 1. Adhesion strength of PUF and PUF composite materials with albucid after incubation in model mediums

Samples o MPpa
control 2 weeks 1 month 3 months
BM 199
PUF 1.16 0.41 0.20 0.20
PUF + albucid 1.16 0.00 0.00 0.00
Saline solution
PUF 1.16 0.20 0.20 0.41
PUF + albucid 1.16 0.20 0.20 0.41

Physical-mechanical studies, namely changes

in adhesive strength of PUF and PUF composite
materials with albucid after incubation in model
mediums for 2 weeks, 1 and 3 months have been

conducted.

According to the results of studies of physi-
cal-mechanical properties after incubation in BM

199 there is a decrease in the adhesive strength by
5.8 times for PUF and a complete loss of adhesive
strength for PUF composite materials with albucid
(Table 1).

After incubation in saline solution of PUF and
PUF composite materials with albucid there is a
decrease in adhesive strength by 5.8 times after 2

Table 2. Thermogravimetric characteristics of PUF and PUF composites with albucid after incubation in model

mediums
Samples Periodsti(;fnincuba— T é 7:,'“(”:*’ Weight loss at T, %
BM 199
control 172.05 313.26 0.78
2 weeks 205.56 331.07 0.66
PUF 1 month 201.62 326.21 0.79
3 months 212.64 330.75 1.07
6 months 204.42 324.31 0.58
control 162.84 303.83 0.87
2 weeks 185.77 303.07 1.30
PUF + albucid 1 month 186.99 319.65 0.93
3 months 203.10 316.14 0.85
6 months 206.90 319.85 0.71
Saline solution
control 172.05 313.26 0.78
2 weeks 210.53 333.01 0.86
PUF 1 month 209.12 328.99 0.61
3 months 21491 328.66 1.15
6 months 207.24 329.30 0.50
control 162.84 303.83 0.87
2 weeks 182.81 311.05 0.56
PUF + albucid 1 month 200.45 308.78 0.52
3 months 202.31 318.00 0.55
6 months 200.56 321.73 0.47
ISSN 1818-1724. Honimepruil xcypran. 2022. 44, Ne 2 149
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Fig. 3. Dependence of glass-transition temperature (a) and heat capacity (b) of PUF (I, 3) and PUF composites with
albucid (2, 4) on the term of their incubation in BM 199 (1, 2) and saline solution (3, 4) (2nd heating procedure)

weeks and 1 month, and some increase in adhesive
strength after 3 months. After 3 months of incu-
bation in saline solution, the decrease in adhesive
strength is 2.83 times compared with the control
(Table 1).

The change in thermophysical and thermo-
gravimetric properties of composite materials was
evaluated after incubation for 2 weeks, 1, 3 and 6
months in BM 199 and in saline solution.

According to TGA, onset temperature of ther-
mal decomposition (T) of studied PUF before
incubation is 172.05 °C, while after incubation it
is in the range of 201.62-212.64 °C (in BM 199)
and 209.12-214.91 °C (in saline solution). T, of
PUF with albucid before incubation is 162.84 °C,
while after incubation it is in the range of 185.77-
206.90 °C (in BM 199) and 182.81-202.31 °C (in
saline solution) (Table 2). Consequently, after in-
cubation in model mediums there is an increase
of T, for both PUF and PUF composite materials
with albucid.

T, accompanied by a slight weight loss for all
samples. For PUF before incubation the weight
loss is 0.78 %, after incubation in BM 199 it is 0.58-
1.07 %, after incubation in saline solution it is
0.50-1.15 %. For PUF composites with albucid be-
fore incubation the weight loss is 0.87 %, after incu-
bation in BM 199 it is 0.71-1.30 %, after incubation
in saline solution it is 0.47-0.56 % (Table 2). Thus,
after incubation in model mediums, the weight
loss at T, for PUF and PUF with albucid changes
nonlinearly, while after 6 months of incubation it
decreases (Table 2).
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The temperature of maximum decomposition
rate (T, ) after incubation in BM 199 and saline
solution for both PUF and PUF composite mate-
rials with albucid is increased. For PUF before in-
cubation the T is 313.26 °C, after incubation it is
in the range from 324.31 °C to 331.07 °C (in BM
199), from 328.66 °C to 333.01 °C (in saline solu-
tion). For PUF composites with albucid before in-
cubation the T is 303.83 °C, after incubation in
BM 199 it is in the range from 303.07 °C to 319.85
°C, after incubation in saline solution it is in the
range from 308.78 °C to 321.73 °C (Table 2).

According to DSC, the T of the 2nd heating
procedure for PUF before incubation is minus
48.64 °C, while after incubation it is in the range
from minus 46.85 °C to minus 49.38 °C (in BM
199), from minus 46.68 °C to minus 49.23 °C (in
saline solution). The value of Tg for PUF with al-
bucid before incubation is minus 48.4 °C, after in-
cubation it is in the range from minus 48.46 °C to
minus 51.14 °C (in BM 199), from minus 49.00 °C
to minus 50.56 °C (in saline solution). That is the
presence of albucid affects the value of T of stud-
ied materials. After incubation in model mediums
of PUF composites with albucid there is a decrease
in T compared to control (Fig. 3a).

e value of AC at the glass-transition at the
second heating procedure for PUF before incu-
bation is 0.2767, while after incubation it is in
the range of 0.2641-0.3175 (in BM 199), 0.2494-
0.3096 (in saline solution). ACP for PUF compos-
ites with albucid before incubation is 0.2429, after
incubation it is in the range of 0.2692-0.2899 (in

ISSN 1818-1724. Polymer journal. 2022. 44, Ne 2
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Table 3. Spectrophotometric study of albucid solutions

Solution concentrations of albucid, C, % Wa;?lsrr;gth’ Optical density, Davg_
0.00025 257.0 0.1766
0.00050 255.9 0.3418
0.00075 256.0 0.5031
0.00100 257.1 0.6650
0.00125 256.5 0.8285

BM 199), 0.2717-0.2885 (in saline solution). The
presence of albucid also affects the value of AC,
which after incubation in model mediums of PUF
composites with albucid increases compared to
control (Fig. 3b).

The decrease in T, and increase in AC  after
incubation of PUF composites with albucid in
model mediums compared to the control can be
explained by the increase in segmental mobility
of macrochains due to redistribution of hydrogen
bonds under the influence of BM 199 and saline

solution and due to the albucid release from poly-
mer matrix.

In this case, the values of T, and AC, of all sam-
ples depend on the incubation period and change
nonlinearly. Thus, for PUF and PUF composites
with albucid there is a decrease in T, and an in-
crease in AC for 2 weeks. For PUF further stay in
model mediums leads to an increase in T, and a
decrease in AC, while for PUF with albucid fur-
ther stay in model mediums leads to an increase
inT, and AC compared to the previous term. The

Table 4. The results of the study of the dynamics of albucid release

Concentration of albucid The amount of released albucid
Period of | Optical density . . o
study, day | of solution, D_ (accf[)iﬁl”g:;}?e Ccizbra' from the (rin(émept of the from the beginning of the study
» Lo previous definition, m, g m, g %
1 0.9791 0.00145 0.00580 0.00580 5.50
2 0.7655 0.00113 0.00678 0.01258 11.92
3 0.6441 0.00095 0.00190 0.01448 13.72
4 0.7134 0.00105 0.00063 0.01511 14.32
5 0.6563 0.00097 0.00058 0.01569 14.87
6 1.1030 0.00163 0.00033 0.01602 15.18
9 1.6350 0.00238 0.00143 0.01745 16.54
12 0.5099 0.00075 0.00150 0.01895 17.96
15 0.4563 0.00067 0.00134 0.02029 19.23
18 0.3648 0.00054 0.00108 0.02137 20.25
21 0.2428 0.00036 0.00072 0.02209 20.94
24 0.3185 0.00047 0.00094 0.02303 21.83
30 0.8079 0.00119 0.00238 0.02541 24.08
35 0.5083 0.00075 0.00150 0.02691 25.50
40 0.6438 0.00095 0.00190 0.02881 27.31
45 0.7591 0.00112 0.00224 0.03105 29.43
50 0.9624 0.00142 0.00284 0.03389 32.12
55 0.6913 0.00102 0.00204 0.03593 34.05
60 0.6980 0.00103 0.00206 0.03799 36.00

ISSN 1818-1724. Ionimepruil scypran. 2022. 44, Ne 2
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Fig. 4. The dynamics of albucid release from PUF
composite materials

increase in AC after 2 weeks for PUF composites
with albucid is different from unfilled PUE. This
indicates an increase in segmental mobility of
macrochains due to redistribution of hydrogen
bonds under the influence of BM 199 and saline
solution and due to the albucid release from poly-
mer matrix.

Therefore, according to DSC, the presence of
albucid affects the thermophysical properties
of materials. After incubation of PUF compos-
ites with albucid in BM 199 and saline solution
there is a decrease in T and increase in AC at the

" J . .
glass-transition compared with the control. This
is due to an increase in the segmental mobility of
macromolecules under the influence of model me-
dium. According to the results of TGA, after incu-
bation in model mediums there is an increase in
the values of T and T _for both PUF and PUF
composite materials with albucid. Consequent-
ly, PUF composites with albucid after incubation
remain heat-resistant materials to a temperature
of 185.77 °C (in BM 199) and 182.81 °C (in saline
solution).

PUF composite materials with albucid (in the
amount of 5 wt. %) were objects of researches of
the dynamics of albucid release from polymer ma-
trix.

The values of optical density of aqueous solu-
tions of albucid (prepared to create a calibration
graph) at the maximum of the band at wavelength
A = (256+1) nm are presented in Table 3.

The calibration graph of dependence of the opti-
cal density on concentration of albucid solutions is
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a straight line passing through the origin of coor-
dinates. Thus, the possibility of quantitative analy-
sis of albucid release by this method is confirmed.

The results of measurements and calculations of
albucid release from polymer samples are present-
ed in Table. 4.

The table shows that the incubation of samples
for 60 days leads to the release of albucid in an
amount of 36.00 % from the total amount of intro-
duced drug.

Graphically the results of the dynamics of re-
lease are presented in Fig. 4.

The amount of released albucid does not exceed
the therapeutic dose [17], so it will not have a toxic
effect. In addition, absence of toxic effects of the
drug was proved by the results of tissue culture
studies, studies of irritation and acute systemic
toxicity, which indicate the biocompatibility and
safety of PUF composites with albucid [14].

Thus, studies of the dynamics of albucid release
from the polymer matrix of PUF composites were
carried out. It is established that the composite
materials are capable to the prolonged release of
the drug. The amount of albucid on the 60th day of
the experiment is 36.0 % from the total amount of
introduced drug. Therefore, the studied PUF com-
posites with albucid can be proposed as promising
implants with prolonged action of albucid for use
in ophthalmological surgery.

Conclusions

The ability to biodegrade of polyurethane foam
composite materials with albucid under the influ-
ence of BM 199 and saline solution for 2 weeks, 1,
3 and 6 months was investigated. It is established
that the influence of BM 199 and saline solution on
the structure and properties of composite materi-
als with albucid is similar. After incubation of PUF
composites with albucid in model mediums there
are processes of biodegradation, which are con-
firmed by a decrease in adhesive strength and are
accompanied by redistribution of hydrogen bonds
of NH groups of the surface layer of the samples.
There is also a decrease in T and an increase in
AC under the influence of model mediums and
due to the albucid release from the polymer ma-
trix, as well as increasing the heat resistance of
the studied materials. Studies of the dynamics of
albucid release from the PUF matrix were carried
out. It was found that the composite materials are
capable to the prolonged release of the drug, the
amount of which is 36.0 % on the 60th day of the

ISSN 1818-1724. Polymer journal. 2022. 44, Ne 2
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experiment. Therefore, PUF composite materials | plants with prolonged action of albucid for use in
with albucid can be proposed as promising im- | ophthalmological surgery.
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TOCHIIDKEHHA 3IATHOCTI 1O BIOAETPAJTAIIIT TIHOIIONIYPETAHOBMX KOMIIO3UIIMHMX
MATEPIAJIIB 3 AJIbBYIIMIOM I JMHAMIKNM BUBUIbHEHHA AJIBEYIIVIAY 3A YMOB IN VITRO

[TpoBeneHi TOCTImKEHHS 3AaTHOCTI 10 Giomerpamarii ninononiyperanosux (I1I1Y) xoMmnosuniiiHux Marepiais 3 alb-
OynumoM mix BIumBoM GiomoriynHoro cepeposyma 199 (BC 199) i ¢isionoridHoro po3dymHy IpOTAroM 2-X TIDKHIB,
1, 3 i 6 mic. metogamu IY9-crexTpockomii, ¢isuko-mexaniunummy Bunpo6ysannamy, JCK i TTA. BecranosneHo, 1o
BB bC 199 i disionoriyHoro po3unHy Ha CTPYKTYpY Ta BIACTUBOCTI KOMIIO3ULIHUX MaTepialiB 3 albOyLIUIoM
aHajIoriynmit. 3a pesynbraramy $isUKO-MeXaHIYHUX HOCTIKEHb IIiJ BIUIMBOM MOJE/IbHIX CepefjOBUIL BiOyBarThCA
npouecu 6ionerpanaui’1’, PO IO CBiJYUTDb 3HVDKEHHA afre3iifHOI MilTHOCTI Imic/iA iHKy6aui'1' BbC 1991 Q)isionorquOMy
posuyHi. 3a ganumu [Y-crnexTpockomnii 6iogerpaganis cynpoBOIKY€ETbCA Iepepo3OofiIoM BOfHeBUX 3B A3KiB NH-
rpyn nonimMepHoi Marpuii. Pesynbraru Bumpo6ysanb metogiom JICK cBimgarh mpo sumkennsa T, i mifBuimeHHs ACp
ITITY KOMIO3KTiB i3 a1bOYLNIOM HOPIBHSHO 3 KOHTPOJIEM, 1110 OB SI3aHO 3 IiABUIEHHIM CETMEHTA/IBHOI PyX/IMBOCTI
MaKpOMOJIEKY/I IIiJi BIVINBOM MOJIeIbHUX CepPeOBMIL i BHACIINOK BUBIIbHEHHA albOyLuAy 3 IIOIiMepHOI MaTpuIii.
Metopom TTA BcranoBieHo, mo ITITY Ta IIITY xoMmos3nutu 3 anbOynyoM 3a YMOB in Vitro 3a/IMIIa0TbCs TePMOCTIli-
KMMU Matepiagamy, ajpke micid inky6anii y BC 199 i disionoriunoMy posunHi criocTepiraeTbes MiABUIEHHA 3HAYEHb

nort. posion, & Dae. s, posin Jocrnmimpkeno nyHaMiky BuBimbHeHH: anpOynuny 3 IIITY marpuiii Ta BCTaHOBJIEHO, IO KOMIIO-
3UIIiVIHI MaTepianm 3[JaTHi ;O TPOIOHTOBAHOTO BUBiIbHEHH:A 36,0 % /TiKapchKoi pedoBMHN Ha 60-y 1106y €KCIIEPVMEHTY,
IO He TIepPeBNIIYE TePANeBTIYHY 03y Ta He YMHUTb TOKCUYHOTO BIUIMBY. ToMy, miHOMO/iypeTaHOBI KOMIIO3MIIilTHI
MaTepian 3 abOYINAOM MOXYTh Oy TI 3aIIPOIIOHOBAHI SIK ITePCIEKTIBHI MaTepiay /sl BUTOTOB/IEHHS IMIUIAHTATIB
3 IIPOJIOHTOBAHOIO Ji€l0 aIbOyLuAy B 0TarIbMOJIOTiuHii Xipypril.

Kniouoei cnosa: ninonosniyperaH, KOMIO3ULIHNIT MaTepias, anbbyuus, 6ionoriune cepenosuiie 199, disionoriunmii
pO3YMH.
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