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INVESTIGATION OF BIODEGRADATION AND PROPERTIES
OF POLYURETHANE FOAM COMPOSITE MATERIALS WITH
LYSOZYME IN VITRO

The study of biodegradation ability of polyurethane foams composite materials with lysozyme under the influence of saline
solution for 2 weeks, 1, 3 and 6 months by IR spectroscopy, DSC, TGA was conducted. According to the results of IR
spectroscopy under the influence of model medium there are processes of biodegradation, which are confirmed by a decrease
in the intensity of the absorption band vC=0. Along with biodegradation there is a redistribution of hydrogen bonds of NH
and CO groups of polymer matrix. According to DSC after incubation in saline solution there is an increase in Tg and ACp
at the glass-transition (for polyurethane foams and composites with lysozyme in the amount of 5 wt. %), an increase in Tg
and decrease in ACp (for composites with lysozyme in the amount of 1 and 3 wt. %), which indicates the redistribution of
hydrogen bonds under the influence of saline solution and due to lysozyme release. It was found that after incubation in
saline solution there is an increase in TO and Tmax for both polyurethane foams and composite materials with lysozyme by
the method of TGA. Thus, composites with lysozyme in vitro are heat-resistant materials. According to the study results of
the dynamics of lysozyme release composites are capable to the prolonged release of enzyme for 5 days, the amount of which
varies depending on the lysozyme content (43.85-61.97 % of the total amount of the introduced drug) and is sufficient for
the manifestation of antimicrobial activity. The tissue culture method has established the biocompatibility of investigated
materials. For polyurethane foam composite materials with lysozyme more active growth of fibroblastic elements than in the
control and polyurethane foam and slowing down the process of cell degeneration was observed. The obtained results indicate
that polyurethane foam composite materials with lysozyme are promising materials that due to the presence of the enzyme
will have antimicrobial action and can be used in medical practice as polymer composites for the treatment of wounds and
burns.
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Introduction

Polyurethane foams (PUF) are one of the most
widely used materials in medicine due to their
biocompatibility, which conditioned by the
similarity in chemical structure of the urethane
group to the amide group of protein molecule.
In addition, they have a porous structure and a
developed surface that is capable of stimulating
tissue regeneration processes at the implantation
site [1] and they are capable to the prolonged
release of drugs [2].

Considering the aforesaid, PUF composite
materials filled with lysozyme based on
diisocyanate prepolymer as polymer composites
for the treatment of wounds and burns were
obtained. These composite materials due to the
presence of enzyme will have hydrolytic and
antimicrobial action [3].

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. 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
environment of an organism.

To date, the biodegradation mechanisms
of polyurethanes have been established.
Biodegradation of polyurethanes in vivo occurs by
two complementary mechanisms. It is hydrolytic
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 occurs due
to the phagocytic activity of macrophages and
foreign body giant cells [4-6].

Experimental determination of  the
biodegradation timing of polymer in the body
(using labeled preparations) is a time-consuming
procedure. Estimation of effective rates of polymer
weight loss is also difficult due to the lack of
sufficiently clear methods for separation of the
implant from connective tissues and experimental
errors. Therefore, predictions of the polymer
biodegradability in vivo are based on the results of
in vitro studies.

It is known that the biodegradation processes
are influenced by such factors as the chemical
composition of polymer, the hydrophilicity of
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polymer matrix, the presence of drug substance
and the drug type etc. [7, 8]. So, the introduction
of drugs into the composition of polymer materials
can affect the rate of biodegradation processes
[9]. For example, the introduction of tiamulin
fumarate into the composition of composite
materials based on polyurethaneurea accelerates
the biodegradation of the polymer base [10]. At
the same time, due to the presence of amizon in
the block-copolyurethane the polymer materials
remain stable [11]. Hydrophilic drugs accelerate
the polymer degradation by facilitating the water
penetration in the system. In contrast, hydrophobic
drugs slow down the polymer degradation by
hindering the water diffusion into the matrix [8].

Also important characteristic of polymers for
medical use is the release dynamics of the drug
and its quantity. The drug release from polymer
composites is influenced by the chemical nature
of polymer and drug, their physical-chemical
properties etc. [12]. 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
matrix [13, 14]. The ability of polymer materials to
prolonged release of drugs to ensure their uniform
release into the body in acceptable quantity is
important to ensure local therapeutic effect.

Considering the aforesaid, there is a need to
study the ability to biodegradation and the ability
to release of lysozyme from the polyurethane foam
matrix in vitro. Results of these researches will
allow predicting behaviour of polymer materials in
vivo at their further application in medical practice.

Therefore, the purpose of the work is to study
the biodegradation of PUF composite materials
with lysozyme in vitro, the ability to prolonged
release of lysozyme and biocompatibility.

Experimental

Materials
PUF and PUF composite materials filled by
lysozyme in the amount of 1, 3 and 5 wt. %
synthesized according to the method [3] were
objects of researches.

Sodium chloride solution for infusion (saline
solution) (Novofarm-Biosynthesis, Ukraine)
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containing NaCl (9 mg/ml) and water for
injection was used as a model medium to study
biodegradation.

Distilled water and drug lysozyme (molecular
weight = 14000) (Merck, Germany) were used to
study the dynamics of lysozyme release.

The method of incubation in saline solution

Samples were placed in sterile tubes, poured
25 ml of model biological medium and kept in
a thermostat at a temperature of (37 + 1)°C for
2 weeks, 1, 3 and 6 months. Solutions of model
mediums were changed daily. After defined
incubation 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 of 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°).

Thermophysical properties (glass-transition
temperature (T,), changes of the heat capacity at
the glass-transition temperature (ACP)) 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
atmosphere. Two heating procedures have been
carried out to exclude the influence of the thermal
and mechanical prehistory of the material.

Thermogravimetric ~ characteristics ~ (onset
temperature of thermal decomposition (T,),
temperature of maximum decomposition rate
(T ), weightloss at T ) were studied by TGA. The
study has been carried out within the interval of
temperature from +20 to +700 °C (TA Instrument
Q50) at a heating rate 20°C/min under an air
atmosphere.

The study of lysozyme release from the polymer
samples was performed by spectrophotometric
method. Absorption spectra of the studied
solutions were obtained on the spectrophotometer
“SF-46” in cuvettes with a layer thickness of 1 cm
relative to the comparison solutions ata wavelength
A= (281 +0.5) nm.

Preparation  of  solutions.  Control and
experimental samples (average weight 2 g) were
placed in weighing bottles with the ground-
in stopper, added 20 ml of distilled water. The
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weighing bottles were kept in a thermostat at a
temperature 36.6 °C for 30 minutes, 6 hours, 1, 2,
3, 4 and 5 days. After defined terms the solutions
were poured out and investigated their absorption
spectra. The experimental solutions received
from the samples containing lysozyme in their
composition. Solutions of comparative (control
solutions) obtained from control samples (from
samples which do not contain lysozyme).

The concentration of released lysozyme was
found on the calibration graph. For creation of the
calibration graph of dependence of optical density
of solutions on lysozyme concentration, a series
of lysozyme solutions with different percentage
concentration: 0.0050; 0.0125; 0.0250; 0.0350;
0.0500; 0.0600 and 0.0700 were prepared. Their
absorption spectra were investigated.

The amount of released lysozyme from polymer
samples into the solution (L, %) was calculated
using Equation (1) and (2):

m

L=—"100% |
my
(OY
m=—-—,
1000

where m is the amount of released lysozyme
for certain period of time, g; m is the masse of
lysozyme introduced into the polymer, g C is
the concentration of lysozyme in the investigated
solution, found according to the calibration graph,
mol/L; V is the volume of the solution in which
performed washing-out, ml.

By tissue culture method was conducted the
study of biocompatibility on the culture of tissue
of subcutaneous fatty tissue of white laboratory
rats. The culture of tissues was received by
explantation of pieces of subcutaneous fatty tissue.
It was placed in Carrel flacon with a nutritious
mixture consisting of the biological medium 199
and chicken plasma. In Carrel flacon the samples
of studied polymer materials in the size of 0.5 x 0.5
cm were introduced. Then an embryonic extract
was added and a plasma clot (a solid phase) was
obtained. After the formation of the solid phase
(10-15 min.) the biological medium 199 and the
serum of cattle (a liquid phase) was introduced.
Cultivations were carried out at a temperature of
37 °C. Flacons with explants of subcutaneous fatty
tissue without the addition of polymer samples
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were used as control. The cultures were investigated
under a microscope in a native state.

Results and Discussion

To study the ability to biodegradation, PUF and
PUF composite materials with lysozyme were
incubated in the model medium (saline solution)
for 2 weeks, 1, 3 and 6 months. The ability to
biodegradation of studied polymer materials
was evaluated by changes in their structure,
thermophysical and thermogravimetric properties
before and after incubation in saline solution.

The structure of PUF and PUF composite
materials with lysozyme of various concentrations
(I, 3 and 5 wt. %) was investigated by IR
spectroscopic tests before (control) and after
incubation in saline solution. IR spectra were
measured in the range of 4000-600 cm™. Only
fragments of spectra that have changes are
presented.

The absorption band of valence vibrations of NH
groups remained unchanged during 3 months of
incubation in saline solution within the frequency
interval of spectra of PUF 2800-3800 cm™. There
is an increase in the intensity of the absorption
band v, . with an approximate maximum at
3571 cm™ after 6 months. It is connected with
the increase in the number of hydrogen-free NH
groups on the surface layer of the samples (as IR
spectra are removed from the surface of polymer
materials) (Fig. 1, curve 5).

Under the influence of saline solution there
is a decrease in the intensity of the absorption
band v__, of urethane group (1718 cm™) and the
expansion of its maximum in the spectrum range
of 1800-1500 cm™. It indicates the processes of

3000 1700 1500
v, cm’!

3800 3400

Fig. 1. Fragments of IR spectra of PUF before (1) and after
incubation in saline solution for 2 weeks (2), 1 month (3),
3 months (4), 6 months (5)
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biodegradation and the formation C=0O groups
with different hydrogen bond strength, respectively
(Fig. 1, curves 2-5).

Under the influence of saline solution for PUF
composite materials with lysozyme, changes in the
spectral range of 2800-3800 cm™ starting from
2 weeks of incubation are observed. On the IR
spectra of PUF containing enzyme in amount of
1 and 3 wt. % there is an increase of intensity of
the absorption band v, . with an approximate
maximum at 3296 cm™ and the absorption band
Vi With an approximate maximum at 3571 cm™.
It indicates an increase in the number both free
and hydrogen-bonded NH groups in the surface
layer molecules of the samples. In the spectral
range of 1800-1500 cm™ under the influence of
saline solution there is a decrease in the intensity
of the absorption band v__, (1718 cm™) and the
expansion of its maximum (Fig. 2, Fig. 3, curve
2-5).

On the IR spectra of PUF containing lysozyme
in the amount of 5 wt. % there is a decrease in the
intensity of the absorptionband v . . (3296cm™)
and the absorptionband v, . (3571 cm™), which
indicates a decrease in the number of free and
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—2 ?:“—,;:.—:‘-.w.—.—{f__‘_/,._ > e — _,‘_P/ - s —e
3800 3400 3000 1700 1500
v, cm™

Fig. 2. Fragments of IR spectra of PUF+lysozyme (1 wt.
%) before (I) and after incubation in saline solution for 2
weeks (2), 1 month (3), 3 months (4), 6 months (5)
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Fig. 3. Fragments of IR spectra of PUF+lysozyme (3 wt. %)
before (1) and after incubation in saline solution for 2
weeks (2), 1 month (3), 3 months (4), 6 months (5)
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Absorption

3000 1700 1500

1

3400

3800

v, cm’

Fig. 4. Fragments of IR spectra of PUF+lysozyme (5 wt.
%) before (1) and after incubation in saline solution for 2
weeks (2), 1 month (3), 3 months (4), 6 months (5)

hydrogen-bound NH-groups in the surface layer
molecules of the samples. Also under the influence
of saline solution there is a decrease in the
intensity of the absorption band v__ (1718 cm™)
and the expansion of its maximum, as well as for
all samples (Fig. 4, curve 2-5).

Thus, according to the results of IR spectroscopic
studies of PUF and PUF composites with lysozyme
under the influence in saline solution there are

processes of biodegradation, which are confirmed
by a decrease in the intensity of the absorption
band v__. Along with biodegradation there is a
redistribution of hydrogen bonds of NH and CO
groups of the surface layer of the samples. The
dependence of the above changes on the presence
and concentration of lysozyme in the composition
of composites was established. Thus, for PUF there
is an increase in the number of v, . of the surface
layer only after 6 months, which is probably due to
prolonged exposure to saline solution. Whereas for
PUF composite materials with lysozyme starting
from 2 weeks of incubation there is an increase
(for PUF containing 1 and 3 wt. % lysozyme) and
a decrease (for PUF containing 5 wt. % lysozyme)
in the amount of both v, and v, . It may
be connected with the redistribution of hydrogen
bonds of surface layer due to lysozyme release from
the polymer matrix. The difference in IR spectra of
composites with a maximum lysozyme content (5 wt.
%) may be connected with release of more enzymes.
As a result, the redistribution of hydrogen bonds is
different (which is consistent with changes in ACP).

Table 1. Thermogravimetric characteristics of composites after incubation in saline solution

Samples Periods of incubation | T, °C | T ..°C Weight loss at T, %

control 196,39 300,89 0,62

2 weeks 210,53 333,01 0,86

PUF 1 month 209,12 328,99 0,61

3 months 214,91 328,66 1,15

6 months 207,24 329,30 0,50

control 191,13 299,76 0,70

2 weeks 217,77 335,23 1,10

PUF+lysozyme (1 wt. %) 1 month 220,49 326,14 1,12
3 months 213,93 330,88 0,52

6 months 201,67 329,81 0,57

control 195,73 302,24 0,78

2 weeks 207,89 331,66 0,60

PUF+lysozyme (3 wt. %) 1 month 209,29 333,45 0,85
3 months 221,16 332,36 0,75

6 months 208,91 332,90 0,58

control 179,95 310,72 1,08

2 weeks 211,52 333,26 0,95

PUF+lysozyme (5 wt. %) 1 month 206,46 333,75 1,01
3 months 211,01 342,31 0,91

6 months 206,09 333,20 0,86

ISSN 1818-1724. Ionimepruil scypran. 2022. 44, Ne 1
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The change in  thermophysical and
thermogravimetric properties of PUF and PUF
composite materials with lysozyme of various
concentrations (1, 3 and 5 wt. %) was evaluated
before (control) and after incubation for 2 weeks,
1, 3 and 6 months in saline solution.

According to TGA, onset temperature of
thermal decomposition (T,) of studied PUF before
incubation is 196.39 °C, while after 6 months of
incubation in saline solution it is in the range from
207.24 °C to 21491 °C. T, of PUF composites
with lysozyme before incubation is in the range
of 179.95-195.73 °C, while after 6 months of
incubation it is in the range of 201.67-221.16 °C
(Table 1). Therefore, under the influence of saline
solution there is an increase of T, for both PUF
and PUF composite materials with lysozyme.

T, accompanied by a slight weight loss for all
samples. For PUF before incubation the weight
loss is 0.62 %, after 6 months of incubation in saline
solution itis 0.50-1.15 %. For PUF composites with

lysozyme the weight loss before incubation is 0.70-
1.08 %, after 6 months itis 0.52-1.12 % and depends
on the period of incubation in the model medium.
So, after incubation of PUF with lysozyme for up
to 1 month an increase in weight loss is observed.
In the following terms there is a decrease in weight
loss. After 6 months of incubation the percentage
of weight loss of samples with lysozyme became
less than it was before incubation.

The temperature of maximum decomposition
rate (T__ ) after incubation in saline solution for
both PUF and PUF composite materials with
lysozyme also increases. For PUF T__ before
incubation is 300.89 °C, after incubation it is
329.30-333.01 °C. For PUF composites with
lysozyme T before incubation is 299.76-310.72
°C, after incubation it is in the range from 326.14
to 342.31 °C (Table 1).

According to DSC, the T, of the 2nd heating
procedure for PUF before incubation in saline
solution is minus 49.20 °C, while after 6 months of

Table 2. Thermophysical properties of composites after incubation in saline solution

Periods of T,°C AC,]/(g°C)
Samples 1st heating 2nd heating Ist heating proce- | 2nd heating pro-
incubation procedure procedure dure cedure
control -47,10 -49,20 0,2005 0,2135
2 weeks -47,57 -49,23 0,2666 0,2787
PUF 1 month -46,30 -47,63 0,2480 0,2711
3 months -47,18 -47,53 0,2561 0,2494
6 months -45,58 -46,68 0,2875 0,3096
control -50,44 -49,48 0,2502 0,2669
2 weeks -47,09 -48,48 0,2533 0,2721
PUF+lysozyme (1 wt. %) 1 month -48,31 -49,28 0,2652 0,2790
3 months -47,67 -48,27 0,2425 0,2802
6 months -46,92 -46,73 0,2422 0,2444
control -48,39 -49,23 0,2807 0,2894
2 weeks -47,81 -48,56 0,2466 0,2681
PUF+lysozyme (3 wt. %) 1 month -48,21 -48,79 0,2482 0,2683
3 months -46,81 -47,81 0,2521 0,2650
6 months -45,70 -47,80 0,2266 0,2558
control -48,30 -49,86 0,2104 0,2385
2 weeks -47,85 -48,90 0,2300 0,2525
PUF+lysozyme (5 wt. %) 1 month -46,79 -48,02 0,2315 0,2546
3 months -48,33 -49,23 0,2531 0,2664
6 months -47,91 -48,11 0,2451 0,2534
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Table 3. Spectrophotometric study of lysozyme solutions

Solution concentrations lysozyme (C), % Wavelength (A), nm | Optical density (Davg_)
0,0050 281,2 0,1230
0,0125 281,0 0,2981
0,0250 281,2 0,5953
0,0350 281,4 0,8322
0,0500 281,5 1,1850
0,0600 280,8 1,4210
0,0700 280,7 1,6580

incubation it is in the range from minus 46.68 °C
to minus 49.23 °C. T, for PUF composite materials
with lysozyme before incubation is in the range
from minus 49.23 °C to minus 49.86 °C, after 6
months of incubation it is in the range from minus
46.73 °C to minus 49.28 °C (Table 2). Thus, under
the influence of saline solution there is an increase
in T of PUF and PUF composites with lysozyme.

The value of AC, atthe second heating procedure
for PUF before incubation is 0.2135, while after 6
months of incubation is in the range of 0.2494-
0.3096. The value of AC_for PUF composites with
lysozyme before incubation is 0.2385-0.2894,
after 6 months of incubation it is 0.2444-0.2802
(Table 2). Therefore the value of ACp for PPU after
incubation in the model medium increased. The
presence of lysozyme affects the value of AC.
After 6 months of incubation in saline solution for
PUF composite materials with lysozyme filled in
the amount of 1 and 3 wt. % there is a decrease
of AC, whereas for PUF composites containing
5 wt. % of enzyme there is an increase compared
to control. Therefore, after incubation there is an
increase in AC_ for unfilled samples and a decrease
in AC for PUF containing lysozyme. The resulting
changes indicate the redistribution of hydrogen
bonds under the influence of saline solution and
due to the release of lysozyme. The difference is the
increase of AC_ for PUF filled with lysozyme in the
amount of 5 wt. %, which can be due to an increase
in the segmental mobility of the macrochain
as a result of enzyme release in large amount
(compared to 1 and 3 wt. %) and as a consequence
the redistribution of hydrogen bonds different
from other filled samples (which is consistent with
data infrared spectroscopy).

The value of AC for composite materials with

P

lysozyme depends on the period of their incubation
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in saline solution. Up to 3 months there is an
increase in AC, further period there is a decrease.

Therefore, according to DSC the presence of
lysozyme affects the thermophysical properties
of materials in vitro. After incubation in saline
solution there is an increase in T, and AC at the
glass-transition (for PUF and PUF with lysozyme
in the amount of 5 wt. %), an increase in Tg and
decrease in AC (for PUF of composites with
lysozyme in the amount of 1 and 3 wt. %), which
indicates the redistribution of hydrogen bonds
under the influence of saline solution and due to
the release of lysozyme. According to TGA after
incubation in saline solution there is an increase
in T and T__ for both PUF and PUF composite
materials with lysozyme. Thus, PUF composites
with lysozyme in vitro are heat-resistant materials.

Obtained results of IR spectroscopic and
thermophysical tests allowed concluding that
the release of lysozyme from the polymer matrix
is probable. However, quantitative proofs are
necessary for polymers of medical appointment.
Therefore, the study of its release was carried out
by spectrophotometric method.

PUF composite materials with lysozyme of
various concentrations (1, 3 and 5 wt. %) were
objects of researches of the dynamics of lysozyme
release from polymer matrix.

The value of optical density of lysozyme
solutions (prepared to create a calibration graph)
at the maximum of the band at wavelength \ =
(281+0.5) nm are presented in Table. 3.

The calibration graph of dependence of the
optical density on concentration of lysozyme
solutions is a straight line passing through the
origin of coordinates. Thus, the possibility of
quantitative analysis of lysozyme release by this
method is confirmed.
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Table 4. The study results of the dynamics of lysozyme release

The amount of released lysozyme
period of Optical depsi— Yolume / dilu- | Concentra-tion from the beginning of the
eriod of study | ty of solution, | tion of extract, of lysozyme, from the moment of the study
@,,) V, ml/ times G % previous definition, m, g
m, g %
PUF+lysozyme (1 wt. %)
30 minutes 1,2827 10/ - 0,0543 0,00543 0,00543 27,15
6 hours 0,3638 10/ - 0,0154 0,00154 0,00697 34,85
1 day 0,1795 10/ - 0,0076 0,00076 0,00773 38,65
2 days 0,1039 10/ - 0,0044 0,00044 0,00817 40,85
3 days 0,0685 10/ - 0,0028 0,00028 0,00845 42,25
4 days 0,0472 10/ - 0,0022 0,00022 0,00867 43,35
5 days 0,0260 10/ - 0,0010 0,00010 0,00877 43,85
PUF+lysozyme (3 wt. %)
30 minutes 4,2309 10/3 0,0597 0,01791 0,01791 29,85
6 hours 1,2686 10/ - 0,0537 0,00537 0,02328 38,80
1 day 0,7276 10/ - 0,0308 0,00308 0,02636 43,93
2 days 0,3945 10/ - 0,0167 0,00167 0,02803 46,72
3 days 0,2315 10/ - 0,0098 0,00098 0,02901 48,35
4 days 0,1441 10/ - 0,0061 0,00061 0,02962 49,37
5 days 0,0780 10/ - 0,0033 0,00033 0,02995 49,92
PUF+lysozyme (5 wt. %)
30 minutes 9,3973 10/6 0,0663 0,03978 0,03978 39,78
6 hours 1,9985 10/2 0,0423 0,00846 0,04824 48,24
1 day 1,3300 10/ - 0,0563 0,00563 0,05387 53,87
2 days 0,8433 10/ - 0,0357 0,00357 0,05744 57,44
3 days 0,4229 10/ - 0,0179 0,00179 0,05923 59,23
4 days 0,3803 10/ - 0,0161 0,00161 0,06084 60,84
5 days 0,2669 10/ - 0,0113 0,00113 0,06197 61,97
The results of measurements and calculations ] 3
of lysozyme release from polymer samples are | _ 60 - et
presented in Table. 4. i /ﬂ 2
Accordingtotable4, therelease oflysozyme from | & ] " 1
the PUF matrix occurs in the range from 43.85to | § 40 - / i
61.97 % from the total amount of introduced drug | = / —
in 5 days. For samples of composite materials filled ; 1 /
with lysozyme in the amount of 5 wt. % thereisa | & , -
maximum enzyme release, which is 61.97 % in 5 | &
days. |
Graphically the results of the dynamics of 0 . : .
release are presented in Figure 5. 0 1 2 3 4 5
It is known that for the treatment of purulent t, days

wounds, burns and frostbite wipes soaked in 0.05
% lysozyme solution are applied [15]. The obtained

results (Table 4) indicate that the concentration of
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Fig. 5. The dynamics of lysozyme release from composite
materials filled with enzyme in the amount of 1 wt. % (1),
3 wt. % (2), and 5 wt. % (3)
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e f
Fig. 6. The Growth of fibroblasts culture on the 7th day of
cultivation in a flacon with control (a), PUF (b),
PUF+lysozyme (1 wt. %) (c), PUF+lysozyme (3 wt. %) (d),
PUF+lysozyme (5 wt. %) (e, f)

released lysozyme is sufficient for the exhibit of
antimicrobial activity.

Data on intramuscular use of lysozyme in
the amount of 0.15 g are also known [15]. Thus,
the amount of released enzyme (Table 4) is not
excessive, so it will not have a toxic effect. In
addition, the absence of toxic effects of the drug
was proved by the results of tissue culture studies,
which indicate the biocompatibility of PUF
composites with lysozyme.

Therefore, according to the study results of the
dynamics of lysozyme release it was found that PUF
composite materials are capable to the prolonged

a

c d
Fig. 7. The beginning of degenerative changes of fibroblasts
on the 10th day of cultivation in flacon with control (a),
PUF (b), PUF+lysozyme (1 wt. %) (c), PUF+lysozyme (5
wt. %) (d)

release of lysozyme. It is possible to obtain a coating
for medicine with different amounts of released
drug depending on requirements by varying the
lysozyme content in the PUE.

To study the biocompatibility of polymer materials
and the influence of prolonged form of lysozyme
on the growth and development of the culture of
fibroblastic elements, researches of PUF and PUF
composite materials with various concentrations
of lysozyme (1, 3 and 5 wt. %) were conducted by
tissue culture method. Flacons with explants of
subcutaneous fatty tissue without the addition of
polymer samples were used as control. The study of
growth and development of cellular elements of the
subcutaneous fatty tissue of white rats after 3, 7, 10
and 14 days of cultivation were carried out.

According to the obtained results, the migration
of fibroblastic elements in flacons with PUF and

Fig. 8. The degenerative changes of fibroblasts culture on the 14th day of cultivation in flacon with control (a), PUF (b),

PUF+lysozyme (3 wt. %) (¢c)
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PUF composite materials with lysozyme began
on the 3rd day of cultivation, as well as in control
flacons. The primary zone was formed by single
spindle-shaped cells, and thread-like structures
oriented perpendicular to the surface of the
explants in most cases. There were also single cells
of irregular polygonal form.

On the 7th day of cultivation there was the
formation of three growth zones around the
explants, as well as the control. It is a compact zone
consisting of cells of spindle-shaped and polygonal
form, a mesh-like zone consisting of bunches and
thread-like structures of cells located in a grid, and
zones of single migratory elements (Fig. 6).

It should be noted that the growth of fibroblastic
elements around the PUF composites with
lysozyme is much better than around the sample
without lysozyme. There is a compaction of the
zone of migratory fibroblasts due to the formation
of new spindle-shaped cells and there are cells that
migrate into the polymer pores (Fig. 6 ¢, d, e).

In flacon with PUF without lysozyme (Fig.
6 b) the migrating cells are located at a distance
from the sample; the shape of the cells varies from
spindle-shaped to polygonal.

On the 10th day of cultivation tissue-like
growth around explants was observed. In Carrel
flacons with composite materials with lysozyme
the areas of growth zones of cell were significantly
wider compared with control and PUF without
lysozyme. The growth zone of single migrating
cells expanded and was characterized by a large
variety of cell forms. In the compact zone there
were signs of degenerative changes of individual
(Fig. 7).

In flacon with PUF without lysozyme (Fig.
7 b) on the 10th day of cultivation an increase
of cellular elements in most polygonal forms is
observed. But unlike control and polymer samples
with lysozyme degenerative changes are detected
in compact and mesh-like zones.

On the 14th day of cultivation the cell population
entered the phase of degeneration, which
manifests itself in considerable vacuolization of
the cytoplasm and its granular rebirth in the cells
in both control and experimental flacons (Fig. 8).
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TOCHIIDKEHHSA BIOJETPAJIALIIT TA BJIACTUBOCTEN TIIHOIIOMIYPETAHOBUX KOMITO3UIIVMHUX
MATEPIAJIIB 3 JII3OIMMOM 3A YMOB IN VITRO

HocnimkeHo 3aTHICTD IO 6ionerpanaui’1’ IIIHOIO/IIyPETAHOBMX KOMIIO3ULIHAX MaTePialiB 3 Ii30UMMOM IIiJ] BIZIMBOM
(hisionorivyHOro po3uMHy IpOTAroM 2 TIDKHIB, 1, 3 1 6 MicAnis inky6auii merogom IY-cnekrpockomii, ICK, TTA. 3a
pesynbraramy [Y-crekTpockorii Iij BIVIMBOM MOJE/IbHOIO CepefioBUINa BifOyBaroThca nponecu 6iogerpagaril, mpo
10 CBiYNUTh 3HVDKEHHSA IHTEHCUMBHOCTI CMYTU IIOIJIMHAHHA (VC:O) 3 OJJHOYACHUM I1ePEPO3IOJI/IOM BOJJHEBUX 3B’513-
kiB NH- i CO-rpyn nonimepHoi Matpuui. 3a ganumu [JCK micnsa inky6anii y ¢isionoriuHomy pos3unHi criocrepiramm
MigBUILLEHHA TC i ACp IIpY CKIyBaHHI (/14 HiHOMOMIypeTaHiB Ta KOMIIO3UTIB 3 Ti30IMMOM Y KiZIbKOCTi 5 % Mac.), mifBu-
IeHH TC Ta 3HVDKEHHS ACP (w11 KOMIIO3MTIB 3 JIi30LMMOM Y KinbkocTi 113 % Mac.), 1[0 CBif4NTb PO HepepO3NOAiNT
BOJHEBX 3B A3KiB IIiJ BIVIMBOM (}i3i0/10riYHOTO pO34MHy Ta BHAC/TIOK BUBIIbHEeHHA ni3onumMy. Merogom TTA Bcra-
HOBJIEHO, 11O Tic/A inKy6anil y disionoriunomy posumni criocrepiraerbcs migsuimenns T posn, T2 T,.. s, posin, 1K V1A
IiHOMO/TiypeTaHiB TaK i I KOMIIO3UIITHNX MarepiasiB 3 misonnmom. OT)ke, KOMIO3UTH 3 JIi30LMIMOM 32 YMOB in
Vitro 3aMMIIA0TbCA TEPMOCTINIKMMY MaTepianaMi. 3a pe3yabTaTaMyl HOCTiKeHb AMHAMIKY BUBITbHEHH JTi301[UMY,
KOMITO3UTY 3[jaTHi [JO IIPOJIOHTOBAHOTO BUBIIbHEHHsI (ePMEHTY IPOTSITOM 5 fi6, KIZIbKICTb SIKOrO Bapiioe 3a/Ie)XHO
Bip BMicTy nmisonumy (43,85-61,97 % Bif 3arajabpHOI KiZIBKOCTI BBEJEHOTO IIpeIapaTy) Ta € LJOCTATHLOIO JyIA IIPOABY
AQHTUMIKpOOHOI aKTUBHOCTI. MeTOIOM KY/IBTYpM TKaHVH BCTAHOBJIEHO, 110 OCIiKYBaHi MaTepiamm € 6iocymicHIMM.
[ niHomosiypeTaHOBMX KOMITO3MIIITHMX MaTepiaiB 3 JIi30LMMOM CIIOCTepiramu 6i1bll akTUBHMIL picT ¢ibpobia-
CTMYHMX e/IeMeHTiB, HDK y KoHTpori 1 I1ITY Ta crioBinbHeHHA mpomuecy mereHepanii kmitnH. OTpUMaHi pesynbTaTn
CBiZj4aTh, 110 IiHOMOMiypeTaHOBI KOMIIO3UIIiMHI MaTepialn 3 1i3OLMMOM € IEePCIEKTUBHUMY MaTepiaaMu, AKi 3aBJs-
KI HasBHOCTI (pepMeHTy OYAyTb MaTu aHTMMIKPOOHY /iif0 Ta MOXYTb OYTV BMKOPVCTAHI B MEEUIHIN IIPAKTUL 5K
IO/IiMepPHi KOMIIO3UTY [I/IsA IIKYBaHHs PaH Ta OIKiB.

Kniouosi cnosa: miHoMmoniypeTaH, KOMIO3NUIIIHMI MaTepiar, ni3onyM, ¢isionorivumit po3uns, 6ioferpagaris.
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