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Abstract. The influence of the model biological medium
199 on the structure and properties of film materials with
tiamulin fumarate based on polyurethaneurea containing
in its structure the hydrophilic fragments of the copolymer
of N-vinylpyrrolidone with vinyl acetate and vinyl alcohol
has been investigated. According to IR spectroscopy,
under the influence of the biological medium 199 there
are processes of biodegradation of polymer materials
which are accompanied by a decrease in the intensity of
the absorption band vc—g of vinylpyrrolidone ring. It is
established that the introduction of tiamulin fumarate into
polyurethaneurea facilitates their biodegradation, as
evidenced by a decrease of the tensile strength (1.28-2.38
times) and a relative elongation at break (1.36—1.82 times)
after incubation in the biological medium 199 by physico-
mechanical tests. The tissue culture method has
established the biocompatibility of film materials with
tiamulin fumarate. According to the results of micro-
biological studies, bactericidal properties were observed in
relation to the bacteria Staphylococcus aureus and
Escherichia coli. 1t allows using them for production of
drainage in abdominal surgery.

Keywords:  polyurethaneurea, tiamulin  fumarate,
N-vinylpyrrolidone, copolymer, vinyl acetate, vinyl
alcohol, model biological medium 199.

1. Introduction

The polyurethaneurea (PUU) with fragments of the
copolymer of N-vinylpyrrolidone with vinyl acetate and
vinyl alcohol (VP-VA) are of particular importance
among polymer materials of medical use thanks to
biocompatibility, increased hydrophilicity and ability to
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promote the prolonged release of drug substances from a
polymer matrix [1-3]. Therefore, it is expedient to use
them as polymer matrix for medicine biologically active
composite materials.

Considering the aforesaid, PUU based on diiso-
cyanate prepolymer (DPP), 1,6-hexamethylenediamine
(HMDA) as a macrochain extender, the VP-VA

copolymer at different percentage ratio of diamine to
copolymer [4] and bioactive film materials with tiamulin
fumarate on their basis [5] have been synthesized.
Tiamulin fumarate is an antibiotic, which is a semi-
synthetic derivative of the natural origin of an antibiotic
pleuro-mutilin, which is active to gram-positive micro-
organisms and mycoplasma [6, 7]:

One of the most important characteristics of
polymers of medical use is its ability to biodegradation in
the conditions imitating the environment of the organism
as this process can influence the quantity of released drug
substance to the internal environment of an organism. The
results of the researches in vitro will allow predicting
behavior of polymer materials at their further application
in medical practice.

Thus, the authors [8] have conducted research of
the biodegradation of polymer materials with Amison
based on a block-copolyurethane containing the fragments
of VP-VA copolymer in the structure. The stability of the
studied samples in the model medium as a result of
Amizon presence was established.

The investigations of the influence of the model
biological medium on the structure and properties of PUU
with Decamethoxin containing VP-VA copolymer
fragments in the structure have been carried out. The
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beginning of the processes of biodegradation is accom-
panied by a decrease in the elasticity of the samples and a
decrease in the intensity of ve—o [9].

It is known that the biodegradation processes are
influenced by the chemical composition including a ratio
of links of monomers, possible influence of drug
substances [10]. Therefore, for confirmation of the offered
field of use of the developed film materials with tiamulin
fumarate as devices of medical use it is expedient to
investigate the influence of the model biological medium
on their structure and properties.

The purpose of the work is to study the bio-
degradation of PUU with copolymer VP-VA and HMDA
fragments and film materials with tiamulin fumarate
obtained on their basis as well as to study their
bactericidal activity and biocompatibility.

2. Experimental

2.1. Materials

The PUU with VP-VA copolymer and HMDA
fragments in the structure synthesized for different
percentages ratio of HMDA:VP-VA (40:60; 50:50; 60:40;
70:30) and film materials filled by tiamulin fumarate (in the
amount of 1 wt %) on their basis were objects of researches
[4, 5]. Biological medium 199 was used as a model
medium (BM 199) (BioTestLab, Ukraine, pH 7.4-7.7).

2.2. The Method of Incubation
in BM 199

Samples of PUU in the form of 0.5x5.0 cm strips
were placed in sterile tubes, adding 25 ml of a model
biological medium, and kept in a thermostat at the
temperature of (310+1) K for 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 mass at 7= 343 K.

2.3. Study Methods

2.3.1. Fourier Transforms Infrared (ATR FT-IR)

The absorption spectra in the range of 650-4000 cm™
were measured on a Tensor-37 FTIR spectrometer 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 absorption bands were
assigned as described in [11].

2.3.2. Mechanical tests

The physico-mechanical properties such as tensile
strength at break (o, MPa) and relative elongation at break
(&, %) of the PUU were determined on the tension testing
machine P5 according to the standards.
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The tensile strength at break was calculated using
the expression:

o= h D
b-h
where Fi.x 1S @ maximum load at break of sample, H; b is
a sample width, mm; 4 — thickness of sample, mm.
The relative elongation at break was calculated

using the expression:

E:ATZ.loo )

where Al is an absolute elongation of sample at break,
mm; / is an initial length of sample, mm.

2.3.3. Tissue culture studies

By tissue culture method the study of bio-
compatibility of these materials on the culture of tissue of
subcutaneous fatty tissue of white laboratory rats which in
the conditions of cultivation causes the growth of
fibroblastic and fibroblast-like elements, was conducted
[12]. 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 0.5x0.5 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 the temperature of 310 K. Flacons with
explants of subcutaneous fatty tissue without the addition
of polymer samples were used as control.

The change of the liquid phase of the nutrient
medium and the study of growth and development of
cellular elements of the subcutaneous fatty tissue of white
rats both in the control and experimental groups after 3, 7,
10 and 14 days of cultivation were carried out. The
cultures were investigated under a microscope in a native
state and stained with haematoxylin-eosin and picrofucsin.
For the purpose of standardization of the nature of growth
of cultures, their zones were classified as a compact zone,
a mesh-like zone and a zone of migratory cells. The
criterion for distinguishing of these zones was the nature
of the location of growing fibroblastic elements.

2.3.4. Microbiological tests

Microbiological tests studied the bactericidal
activity of film materials in relation to the most
widespread gram-positive and gram-negative bacteria that
contaminated the surface of the wound, causing its
infectious lesion. The researches were conducted using the
disco-diffusion method according to the recommendations
of the European Committee on Antimicrobial Suscep-
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tibility Testing (EUCAST). Disks (samples of the studied
film materials) were placed in the Petri dish with nutrient
medium, and the microbial loading was 5-10” colony
forming units in 1 ml. Calculations were carried out after
an incubation of crops in the thermostat at the temperature
of 309.6K from 1 to 48 h. The bactericidal action of
samples was evaluated by the presence or absence of
microbial growth under and around the disks, which is a
result of the diffusion of tiamulin fumarate. When zones
of growth inhibition around the disks were visually
measured, the attention was directed to the zones of full
inhibition of microorganisms growth. The diameter of the
zones of growth inhibition was measured with the
accuracy of 1 mm.

3. Results and Discussion

The ability to biodegradation of polymer materials
with VP-VA copolymer fragments in the structure after
their incubation in the model biological medium was
investigated by IR spectroscopy method and by changing
their physico-mechanical parameters before (control) and
after incubation in BM 199 for 1, 3 and 6 months.

3.1. Mechanical Tests

Physico-mechanical tests, namely changes in
tensile strength (o, MPa) and relative elongation at break
(&, %) of polymer systems based on DPP, HMDA, VP-VA
and tiamulin fumarate (1 wt%) obtained at different
percentage ratio of HMDA:VP-VA (40:60; 50:50; 60:40;
70:30) after an incubation in the model biological medium
for 1, 3 and 6 months have been conducted.

According to the results of physico-mechanical
properties studies after incubation in the BM 199 of PUU
with  VP-VA copolymer fragments without tiamulin
fumarate there is a slight increase of tensile strength at
break after 1 month of incubation (Table 1).
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The tensile strength at break of PUU with
fragments of VP-VA copolymer before the incubation in
the BM 199 are in the range of 1.9-2.8 MPa, whereas
after 6 months of incubation — in the range of 1.5-
4.1 MPa (Table 1). Thus, after 6 months of incubation in
the BM 199 of PUU with VP-VA copolymer fragments
there is an increase of tensile strength at break compared
with the control. The exception is PUU with maximum
content of VP-VA copolymer in the structure (synthesized
by the percentage ratio of HMDA:VP-VA = 40:60),
which lose strength characteristics by 1.27 times after 6
months of incubation. Thus, a tendency has been revealed
—increasing the content of copolymer in the structure of
PUU leads to increase in the tensile strength at break to a
lesser extent, and at the maximum amount of copolymer
(60 %) its decrease occurs.

The tensile strength at break of film material
containing tiamulin fumarate in its composition, based on
PUU with VP-VA copolymer fragments before the
incubation in the BM 199 is 3.0-7.3 MPa, whereas after 6
months of incubation it is 1.9-4.3 MPa (Table 1). That is
the decrease of the tensile strength at break of all samples
by 1.28-2.38 times is observed.

Relative elongation at break of PUU with VP-VA
copolymer fragments before the incubation in the BM 199
are in the range of 27-46 %, whereas after 6 months of
incubation — in the range of 22-81 % (Table 2). For PUU
with the minimum content of the VP-VA copolymer in the
structure  (synthesized by the percentage ratio of
HMDA:VP-VA = 70:30) during the incubation in BM 199
there is an increase in relative elongation at break. With an
increase in the content of copolymer in the structure of the
PUU after 6 months of incubation there is a decrease of the
relative elongation at break by 1.23—1.73 times.

Relative elongation at break of all film materials
with tiamulin fumarate after incubation in the BM 199
also decreases, starting from 1 month of incubation (Table 2).
There is a decrease in the relative elongation at break by
1.36-1.82 times after 6 months of incubation.

Table 1
Tensile strength at break of PUU for different ratio
of HMDA:VP-VA after incubation in BM 199
Samples HMDA/VP-VA, % Tensile strength at break, MPa
control | 1 month 3 months | 6 months
40:60 1.9 2.1 2.1 1.5
50:50 1.6 23 23 2.1
+ +VP-
DPPHHMDA+VP-VA 60:40 2.0 2.5 2.8 2.7
70:30 2.8 3.7 4.0 4.1
40:60 5.7 23 1.7 24
. . 50:50 3.0 1.5 2.5 1.9
+ +VP-VA +
DPP+HMDA+VP-VA + tiamulin fumarate 0:40 a1 21 3.0 35
70:30 73 3.6 44 43
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Table 2
Relative elongation at break of PUU for different ratio of HMIDA:VP-VA after incubation in BM 199
- - 5
Samples HMDA/VP-VA, % Relative elongation at break, %
control | 1 month 3 months | 6 months
40:60 38 43 29 22
50:50 27 39 34 22
-+ +VP-
DPPHHMDATVP-VA 60:40 37 42 32 29
70:30 46 80 73 81
40:60 72 56 45 52
. . 50:50 43 29 31 28
-+ +VP-VA +

DPP+HMDA+VP-VA + tiamulin fumarate 60:40 6l ] 20 45
70:30 100 72 76 55

Thus, the effect of the concentration of VP-VA
copolymer in the structure of PUU on their physico-
mechanical properties after incubation in the BM 199 was
detected. For PUU with a minimum content of copolymer
under the influence of BM 199 there is an increase of
strength characteristics, while increasing the content of the
copolymer causes a decrease of strength (at 60 % of
VP-VA) and relative elongation at break (from 40 % of
VP-VA). For film materials with tiamulin fumarate based
on PUU with fragments of copolymer VP-VA in the
structure there is a decrease of tensile strength and relative
elongation at break of all investigated samples. It allows
concluding that the introduction of tiamulin fumarate into
the PUU contributes to their biodegradation, which is
probably due to release of tiamulin fumarate from the
polymer matrix.

3.2. Spectroscopic Investigations

In order to determine the influence of BM 199 on
the structure of investigated polymer materials, IR-
spectroscopic investigations of samples before the incuba-
tion (control) and samples after incubation in BM 199
were conducted. To detect the influence of tiamulin
fumarate on the process of biodegradation of film
materials, infrared spectra of PUU with fragments of VP-
VA copolymer in the structure and film materials with
tiamulin fumarate on their basis were removed. To detect
the influence of the chemical composition on the process
of biodegradation of polymer materials, the infrared
spectra of PUU synthesized for different percentages ratio
of component were removed.

The IR-spectra of the PUU with VP-VA copolymer
fragments synthesized at different percentage ratio of
components (40:60; 50:50; 60:40; 70:30), and film
materials with tiamulin fumarate obtained on their basis
were measured.

Fig. 1 shows infrared spectra of PUU with VP-VA
copolymer fragments in the structure synthesized by the
percentage ratio of HMDA:VP-VA = 70:30 before and
after incubation in BM 199. By comparing these spectra,

it is revealed that specified PUU remained unchanged
after the incubation in the BM 199.

Absorption
H N“ii

4000 3500 3000 2500 2000 1500 1000
\[ cm'l
Fig. 1. IR-spectra of DPP+HMDA+VP-VA (70:30) before (1)
and after incubation in BM 199 for 1 month (2); 3 months (3)
and 6 months (4)

On the infrared spectra of film materials with
tiamulin fumarate which are received based on PUU with
VP-VA copolymer fragments in the structure at the
percentage ratio of HMDA:VP-VA = 70:30 after incuba-
tion in BM 199 there is a decrease of intensity of the
absorption band vnp.fee With the approximate maximum of
3506 cm™ and narrowing of the absorption band vy pend
with the maximum of 3316 cm” with a simultaneous
increase of its intensity (Fig. 2). It demonstrates an
increase in the number of NH groups bound by hydrogen
bonds. The intensity of the absorption band vc—o of
vinylpyrrolidone ring with the maximum of 1660 cm”
during incubation in the model biological medium
gradually decreases, and the intensity of the absorption
band deformation vibrations of NH groups with the
maximum of 1632 cm™ increases (Fig. 2). It is connected
with the increase in the number of NH groups on the
surface of the samples due to spatial changes in the
surface layer molecules (as IR spectra are removed from
the surface of polymer materials).
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Fig. 2. IR-spectra of DPP+HMDA+VP-VA (70:30) with tiamulin fumarate before (1)
and after incubation in BM 199 for 1 month (2); 3 months (3) and 6 months (4)
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Fig. 3. IR-spectra of DPP+HMDA+VP-VA (50:50) before (1)
and after incubation in BM 199 for 1 month (2); 3 months (3) and 6 months (4)
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Fig. 4. IR-spectra of DPP+HMDA+VP-VA (50:50) with tiamulin fumarate before (1)
and after incubation in BM 199 for 1 month (2); 3 months (3) and 6 months (4)

After incubation in the BM 199 on the infra-red = 50:50 and on the infra-red spectra of film materials with
spectra of PUU with VP-VA copolymer fragments tiamulin fumarate obtained based on these PUU the
synthesized by the percentage ratio of HMDA:VP-VA =  changes are identical. The infra-red spectra demonstrate
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the decrease of the intensity of the absorption band vy fee
with the approximate maximum at 3515 cm™ (for unfilled
PUU) (Fig. 3) and 3506 cm™ (for film materials with
tiamulin fumarate) (Fig. 4), the narrowing of the
absorption band vnppong With the maximum at 3316 cm’!
with a simultaneous increase its intensity (Figs. 3 and 4),
the decrease in the absorption band vc—o of
vinylpyrrolidone ring with the maximum at 1660 cm™ and
the increase of the intensity of the absorption band
deformation vibrations of NH groups with the maximum
at 1632 cm™ (Figs. 3 and 4).

Thus, according to the results of IR spectroscopy,
we can conclude that after incubation of the studied
materials in the BM 199 there is a decrease of intensity of
the absorption band vnpee and narrowing of the absorption
band vnmbeng With a simultaneous increase of its intensity
(for PUU (50:50) and all film materials with tiamulin
fumarate). It demonstrates an increase in the number of
NH groups bound by hydrogen bonds. There is also a
decrease of the intensity of the absorption band vc—o of
vinylpyrrolidone ring, which obviously indicates the
processes of biodegradation and increase of the intensity
of the absorption band deformation vibrations of NH
groups (for PUU (50:50) and all film materials with
tiamulin fumarate), which is connected with increase in
the number of NH groups on the surface of the samples
due to spatial changes in the surface layer molecules (as
infrared spectra are removed from the surface of polymer
materials). Thus, the results of the studies allowed
determining the dependence of the above-mentioned
changes from the presence of tiamulin fumarate in the
composition of PUU and from the concentration of VP-
VA copolymer in their structure. The changes on the
infrared spectra are observed for samples of PUU with
high content copolymer in the structure (50 %) and for all
film materials with tiamulin fumarate.
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3.3. Tissue Culture Studies

To study the biocompatibility of polymer materials
and the influence of prolonged form of tiamulin fumarate
on the growth and development of the culture of
fibroblastic elements researches were conducted by tissue
culture method.

The objects of research were PUU with fragments
of VP-VA copolymer in structure synthesized for the ratio
of HMDA:VP-VA = 70:30 and polymer materials with
tiamulin fumarate obtained on their basis. Flacons with
explants of subcutaneous fatty tissue without the addition
of polymer samples were used as control.

According to the results, on the 3™ day of
cultivation the beginning of growth of fibroblastic
elements was observed. Both in control flacons and in
flacons with a polymer sample without tiamulin fumarate
the beginning of growth was represented by the formation
of single cells of elongated form and by the single
migrating fibroblastic elements, which had a spindle-
shaped form (Fig. 5a).

For the samples of film materials with tiamulin
fumarate migration of fibroblastic elements in Carrel
flacons also began on the 3™ day, but distinct from the
control flacons there were single cells of irregular round
form (Fig. 5b).

On the 7" day of cultivation in both flacon with a
polymer sample without tiamulin fumarate and in flacon
with a film material with tiamulin fumarate (Figs. 6b, 6c¢)
there was the formation of three growth zones. 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 of the spindle-shaped
and polygonal form. The surface of growth and external
characteristics of cells did not differ significantly from the
control samples (Fig. 6a).

Fig. 5. The beginning of growth on the culture of subcutaneous fatty tissue of rats on the 3™ day of cultivation in flacon with
control (a) and in flacon with film material with tiamulin fumarate (b)
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Fig. 6. Growth of tissue culture of fibroblasts on the 7" day
of cultivation in a flacon with control (a), in a flacon with a
polymer material without tiamulin fumarate (b), and in a
flacon with a film material with tiamulin fumarate (c)

On the 10™ day of cultivation in flacon with control
and in flacon with a polymer sample without tiamulin
fumarate the areas of compact zone, a mesh-like zone and
zones of migratory fibroblasts were enlarged. There was
tissue-like growth of cell. In flacon with control in a
compact zone there were signs of the beginning of
degenerative changes (Fig. 7a).

<)

For the polymer sample with tiamulin fumarate,
growth of cell under the surface of the polymer sample is also
observed. Separately lying cells of polygonal form are found
larger in size than in the control. There were signs of the
beginning of degenerative changes in the compact and mesh-
like zones (Fig. 7b), whereas for control samples the signs of
degenerative changes were only in the compact zone.

b)

Fig. 7. Growth of the culture of fibroblasts and the beginning of degenerative changes
on the 10th day in flacon with control (a) and in flacon with film material with tiamulin fumarate (b)
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b)

Fig. 8. Degenerative changes in the culture of fibroblasts on the 14th day in flacon with control (a)
and in flacon with film materials with tiamulin fumarate (b)

On the 14™ day, the cell population in all flacons
entered the phase of expressed degeneration, which
manifests itself in considerable vacuolization of the
cytoplasm and its granular rebirth in the cells. It corresponds
to the dynamics of growth and development of tissue
culture of fibroblasts for this period (Fig. 8).

Thus, according to the results of researches by
tissue culture method, the culture of fibroblasts cultivated
with polymer materials with tiamulin fumarate and
without a drug substance is in a stable growth stage, as
well as the control one. Taking into account the absence
of significant changes in the growth and development of
cellular elements for all investigated samples in comparison
with the control ones, we can conclude that there is no
toxic effect of the studied materials on cultured cells.
Therefore, the samples of film materials can be
characterized as biocompatible.

3.4. Microbiological Tests

The results of microbiological studies of film material
with tiamulin fumarate showed the absence of growth of the
bacterial culture Staphylococcus aureus with the growth
inhibition zone diameter of 50 mm (Fig. 9a, 1) and the
absence of growth of the bacterial culture Escherichia coli
(crops from under polymer materials) (Fig. 9b, 1), that was
not observed in the study of polymer samples without
tiamulin fumarate (Fig. 9a, 2 and Fig. 9b, 2).

The bactericidal activity of tiamuline fumarate in
relation to the most widespread gram-positive and gram-
negative bacteria was compared with the biological
activity of Decametoxin, which has a pronounced
bactericidal effect [13]. According to the results, the
bactericidal activity of tiamulin fumarate is not inferior to
the known Decametoxin (Fig. 9a, 3, Fig. 9b, 3).

a)

b)

Fig. 9. Effect of film materials with tiamulin fumarate (1) and without tiamulin fumarate (2) and film materials with
decamethoxin (3) on the bacterial cultures Staphylococcus aureus (a) and Escherichia coli (b)
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Biological activity studies have shown that samples
of the studied film materials with tiamulin fumarate have
a biological action in relation to the test cultures of
bacteria of Staphylococcus aureus and Escherichia coli,
which was manifested by the lack of growth of
microorganisms under samples and the presence of
growth inhibition zones around the samples.

Thus, the film materials with tiamulin fumarate
based on PUU with fragments of copolymer VP-VA and
HMDA in the structure are biocompatible, capable to
biodegradation with simultaneous release of tiamulin
fumarate from a polymer matrix, which shows bacte-
ricidal activity. Therefore, they can be used for production
of drainages in abdominal surgery.

4. Conclusions

The studies of the influence of the model biological
medium on the structure and properties of hydrophilic
PUU with fragments of copolymer VP-VA and macrochain
extension HMDA in the structure and hydrophilic film
materials on their basis with tiamulin fumarate were
carried out. According to the results of physico-
mechanical tests, for film materials with tiamulin fumarate
after their incubation in the BM 199 there is a decrease of
the tensile strength and relative elongation at break, unlike
in unfilled PUU. It is possibly due to the release of the
drug substances tiamulin fumarate from the polymer
matrix. The results of IR spectroscopic studies showed the
changes of absorption bands of groups which are capable
to form hydrogen bonds and a decrease of the intensity of
the absorption band vc-o of vinylpyrrolidone ring. The
obtained results testify to biodegradation of polymer
materials under the influence of BM 199. By the tissue
culture method, the absence of toxic effects of film
materials with tiamulin fumarate on the cultured cells
been has established. By the microbiological studies, the
manifestation of bactericidal properties on the bacteria
Staphylococcus aureus and Escherichia coli has been
established. Considering the aforesaid, the studied
biomaterials can be used for production of drainages in
abdominal surgery.
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BUBYEHHS BIOJETI PAJIALIL, BIOCYMICHOCTI
TA BAKTEPUIIMTHOI AKTUBHOCTI IIVIIBKOBUX
MATEPIAJIIB 3 TIAMYJIIH ®YMAPATOM HA
OCHOBI ITOJITYPETAHCEYOBHH

Anomauin. /locnioxceno enuueé mooeibHo20 OioN02IUH020
cepedosuwa 199 na cmpykmypy ma énacmugocmi niiekosux mame-
planie 3 miamynin Gymapamom Ha OCHOGI NONLYPEMAHCEHOBUH, SIKi
micmame Y cmpykmypi 2iopoinvhi gpacmenmu xononimepy N-
GIHIINIPONIOOHY 3 GiHilayemamom ma GiHIIOBUM chnupmom. 3a
Oanumu 19-cnexmpocrkonii, nio eniueom 6iono2iunozo cepedoguuya
199 giobysaromucsi npoyecu biodecpadayii norimepHux mamepianis,
WO  CYNPOBOONCYIOMbCS  SHUMCEHHAM — [HMEHCUBHOCMI  cMy2u
NOIUHAHHSL V¢ BIHIINIPONIO0H08020 Kinbya. Di3uKo-mexaHiuHuMu
BUNPOOYBAHHAMU 8CIAHOBILIEHO, WO B8€0CHHs MIAMYIIH hymapany
00 cknady noniypemanceyogun cnpuse ix 6biodespadayii npo wo
cgiouums 3nudICeHHsi 3Havens miynocmi (y 1,28-2,38 paszu) ma
BIOHOCHO020 N000BdIcenHsi npu pospusi (v 1,36-1,82 pasu) nicis
inkybayii y 6ionoeiunomy cepedosuwi 199. Memodom xymvmypu
MKAHUH  BCIMAHOGNIEHA OIOCYMICHICMb WIIBKOBUX Mamepianie 3
miamynin  pymapamom. 3a  pesynomamamu  MIKpOOIONOSIUHUX
docniodiceny cnocmepizanu nposie OaKMepuyuoOHUx 61ACMUEoCcmeri
sioHocHo 6axmepiti Staphylococcus aureus ma Escherichia coli, wo
0ae  MOJNCIUBICIb  BUKOPUCHOBYBAMU  IX ONid  BUSOMOBNIEHHS
OpeHaicie 8 abOOMIHANbHI XIpypeii.

Knwuosi cnoea: noniypemanceuosuna,
mapam, Kononimep, N-8iHInniponiooH, eiHiayemam,
cnupm, mooenvhe bionoziune cepedosuwye 199.

miamynin - py-
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