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To create film materials with antimicrobial properties, silver nanoparticles are widely used, which are
introduced, in particular, into polymer matrices. In this work, a mixture of polylactide-polycaprolactone polymers,
taken in a mass ratio of 80-20, was used as a polymer base. These studies will further contribute to the development
of new safe materials, particularly in creating packaging materials for food products, which is undoubtedly an
urgent problem today.

The work aimed to create silver-containing polymer composites based on a mixture of polylactide and
polycaprolactone by vacuum deposition of silver nanoparticles on the surface of the polymer matrix and to study the
structure, morphology, thermophysical, antimicrobial, and genotoxic properties of the obtained composites.

Silver nanoparticles were sputtered on the surface of the PLA-PCL polymer mixture using an FC-1100 ion
sputtering device (JEOL, Japan) for 1, 3, and 5 min. The thickness of the films was 110 um. The structure,
morphology, thermophysical, antimicrobial, and genotoxic properties of composites formed by sputtering silver
nanoparticles on the surface of the polymer were studied using wide-angle X-ray scattering on a device XRD-7000
(Shimadzu, Japan), transmission electron microscopy (TEM) (a JEM-1230 JEOL, Japan), thermogravimetric
analysis (a TGA Q50) (TA Instruments, USA), differential scanning calorimetry (a DSC Q2000) (TA Instruments,
USA), as well as antimicrobial and genotoxic tests.

Using X-ray structural analysis, it was found that the original polymers are characterized by a semi-crystalline
structure, and the presence of metallic silver on the surface of the polymer was confirmed. It is shown that a layer of
silver particles of about 425 nm is formed on the surface of the PLA-PCL mixture for a sputtering duration of
5 minutes.

According to the results of differential scanning calorimetry, it has been found that when sputtering silver
particles on the surface of polymers, the degree of crystallinity increases from 35 to 39 %, and the melting
temperature Ty increases from 168 to 169-170 °C. At the same time, the influence of the metallic layer of silver on
the amorphous phase of the polymer was not recorded.

The antimicrobial activity of PLA-PCL-Ag samples with a spraying duration of 3 and 5 min against S. aureus
and E. coli microorganisms was revealed.

It was found that the studied samples did not show a toxic effect.

Keywords: polylactide, polycaprolactone, silver-containing composite, structure, morphology, thermal
properties, antimicrobial activity, genotoxicity
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INTRODUCTION

The  development of  nanotechnology
contributes to the creation of several nanomaterials
that differ in chemical nature and composition,
shape and structure of particles, purpose, and areas
of application. It should be noted that one of the
most important characteristics of nanomaterials is
the size of the particles included in their
composition [1-4].

Recently, nanocomposite materials based on
polymers of natural origin and metal nanoparticles,
such as copper, silver, and zinc oxide, have
attracted the most attention due to their pronounced
antimicrobial, antifungal, and antiviral properties
[5-7]. For the production of materials with
antimicrobial and antiviral properties, one of the
most promising polymers is polylactide (PLA),
which is made from non-toxic renewable raw
materials. PLA is an environmentally friendly
polymer, biocompatible and biodegradable,
endowed with high mechanical strength and
elasticity [8-10]. These advantages make it
possible to use PLA in biomedicine, the food
industry, and for 3D printing technology [11, 12].

PLA-Ag-chitosan nanocomposites (where Ag
ions have been reduced with benzoxazine as a
reductant) were characterized in [13], while the
size of silver nanoparticles and their antimicrobial
activity were not studied.

Currently, the most common method of
obtaining silver-containing nanocomposites is
the reduction of Ag* ions in the polymer matrix,
which makes it possible to control the
morphology of nanoparticles [6, 14]. For the
production of silver-containing nanocomposites,
chemical [15] or thermochemical reduction [6] is
used, as well as plant extracts are used to reduce
Ag" ions in polymer matrices [16]. When
forming nanocomposites by chemical reduction
of silver ions, reducing agents such as
dimethylformamide [17], hydrazine [15], and
sodium borohydride [18], etc. are used. This is a
fast, efficient, and simple way to fabricate
nanocomposites with controlled morphology, but
chemical impurities that remain in the samples
after the reduction reaction are a problem.
Thermochemical reduction of silver ions is an
environmentally  friendly, effective, and
inexpensive method of manufacturing silver-
containing nanocomposites, but sometimes this
approach requires heating film materials with
silver ions at rather high temperatures [6].

ISSN 2079-1704. X®TT1. 2025. T. 16. Ne 1

91

Recently, the <“green synthesis” of silver-
containing nanocomposites — the reduction of
Ag® ions using plant extracts [16] has gained
considerable popularity. this approach is
effective but requires considerable time for the
complete recovery of silver ions.

The analysis of the literature has shown that
the results of the study of polymer film materials
based on polylactide and silver nanoparticles,
produced by a simple, effective, and fast method
— spraying silver on the surface of the polymer,
have not yet been published.

The work aims to create nanocomposite film
materials based on polylactide (PLA),
polycaprolactone (PCL), and silver nanoparticles
by spraying silver on the surface of the polymer,
as well as to study their structure, morphology,
thermophysical, antimicrobial, and genotoxic
properties.

EXPERIMENTAL PART

The samples were molded using the following
materials: PLA  filament  (MonoFilament,
Ukraine, M, =274000 g/mol), PCL granules
(China, M, =60000-80000), chloroform (China,
M =119.38), silver foil with thickness 0.1 mm,
99.9 % trace metals basis (Sigma-Aldrich).

PLA-PCL films were obtained by mixing
polylactide and polycaprolactone polymers
separately in chloroform in an 80:20 mass ratio.
Silver-containing nanocomposites were
produced by silver sputtering deposition on the
surface of the PLA-PCL film using the FC-1100
ion sputtering device (JEOL, Japan).

The structure of composites was studied by
wide-angle X-ray diffraction with an XRD-7000
diffractometer (Shimadzu, Japan), the X-ray
optical scheme of which was performed by
passing the primary beam through the sample,
using CuK, radiation (1 =1.54 A) and graphite
monochromator at the temperature T = 2042 °C.

The size of the Ag nanoparticles and their
distribution in the polymer matrix was examined
using a JEM-1230 transmission electron
microscope (JEOL, Japan) at the resolution of
0.2 nm.

The thermal decomposition of samples was
performed using a TGA Q50 (TA Instruments,
USA) under an air atmosphere in the temperature
interval from 20 to 600 °C at the heating rate of
20 °C/min.

Thermal transitions in the samples were
analyzed by differential scanning calorimetry
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(DSC) under air flow using a DSC Q2000
apparatus (TA Instruments, USA) within
temperature intervals of 20-200°C at the
heating rate of 20 °C/min.

The mechanical strength at the failure of the
starting materials and composites based on them
was measured using an AGS-10kNX testing
machine (Shimadzu, Japan) in uniaxial tension
mode at T = 20+2 °C.

In the antimicrobial research, we used the
following reference strains of opportunistic
pathogens: Staphylococcus aureus ATCC 25923
as model Gram-positive bacteria, and
Escherichia coli ATCC 25922 as model Gram-
negative bacteria. The bacterial strains were
obtained from the Ukrainian Collection of
Microorganisms at the Zabolotny Institute of
Microbiology and Virology of NAS of Ukraine.

The antimicrobial activity of the
nanocomposites was studied using the diffusion
method into agar on a solid Mueller-Hinton
nutrient medium. An indicator of antimicrobial
activity was the presence of a clear zone around
the nanocomposite disc. The control was a
nanocomposite disc without silver nanoparticles.
The experiment was carried out three times. The
results were interpreted by the diameter of the
zones of inhibition of microbial growth around
the discs according to CLSI recommendations
[17, 18].

The genotoxicity of the investigated film
materials was studied at the State Institution
“National Scientific Center of Radiation
Medicine, Hematology and Oncology of the
National Academy of Medical Sciences of
Ukraine” [19].

RESULTS AND DISCUSSION

The analysis of wide-angle X-ray
diffractograms of the initial polymer films based
on polylactide (PLA) and polycaprolactone
(PCL) showed that they are characterized by a
semi-crystalline structure (Fig. 1, curves 1, 2).

Analysis of wide-angle X-ray diffractograms
of a polymer mixture based on PLA and PCL,
taken in a mass ratio of 80 : 20, respectively,
showed that this sample also has a semi-
crystalline structure (Fig. 1, curve 3).

This is confirmed by the presence (Fig. 1,
curve 1) of multiple diffraction maxima of
discrete type on the background of an imaginary
amorphous halo with a peak at 26, ~ 15.1° on
the diffraction pattern. An average value of d
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period of close location of PLA macromolecular
chain fragments, according to Bragg equation
[20]:

d = A(2sindn) %,

where A is the wavelength of characteristic
X-radiation (1=154 A for CuK,-radiation),
equal to 5.8 A, for PCL, this value is 4.1 A.
Relative crystallinity level X of PLA was
calculated according to Mathews method [20]:

Xer = ch(ch + Qam)fl‘ 100,

where Qc is the square of diffraction maxima
which characterize the crystalline structure of
polymer; Qg + Qam is the total square of the
diffraction pattern in the interval of dispersion
(26,+26,), where the amorphous-crystalline
structure of the polymer is observed.
Calculations have shown that X, value is
approximately equal to 62.5 %, while for PCL
this value is 43.5 %.

The diffractogram of the PLA-PCL polymer
mixture contains diffraction maxima that
characterize the crystal structure of both
individual PLA and PCL polymers. Due to the
higher content of PLA in the composite (80 % by
mass), the diffraction maxima responsible for the
crystalline structure of this polymer are more
intense (curve 3 and curves 1, 2).

/, rel.units.
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Fig. 1. Wide-angle X-ray diffractograms of (1) the

PLA,; (2) the PCL; and (3) the PLA-PCL

The presence of sprayed Ag nanoparticles
for 5 min on the surface of the PLA-PCL sample
(mass ratio of polymers 80 : 20) was confirmed
by the method of Wide-angle X-ray diffraction
(Fig. 2). This is indicated by the presence of two
diffraction maxima at 26, ~ 38° and 44°, which
characterize the crystalline structure of metallic
silver.
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I, rel.units. Fig. 3 shows the image of the silver layer,
which is formed on the surface of the PLA-PCL
80| film as a result of sputtering Ag nanoparticles.

From the microphotographs, it can be seen
that a layer of Ag nanoparticles with a thickness
of ~425nm is formed on the surface of the

As ag PLA-PCL film (with a sputtering time of 5 min).
\ \ Analysis of the histogram of the fractional
composition of nanoparticles has shown that

: ; silver particles can form small aggregates

a0t

0 1 1

O 10 R ey 0% (Fig. 3). The shape of nanoparticles in the

PLA-PCL-Ag samples obtained by sputtering is
Fig. 2. Wide-angle X-ray diffractograms of the close to spherical.

PLA-PCL-Ag (sputtering time 5 min)

023 )
————

Fig. 3. Photomicrographs of transmission electron microscopy of silver-containing nanocomposites based on polylactide
and polycaprolactone with silver nanoparticles formed by sputtering deposition (sputtering time 5 min)
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Fig. 4. Curves of (a) TGA and (b) DTGA of the PLA, the PCL, the PLA-PCL, and PLA-PCL-Ag composites with
sputtering times of 1, 3, and 5 min

Fig. 4 shows the TGA and DTGA curves of mass loss in the temperature range of 70-130 °C
polylactide (PLA), its PLA-PCL mixture, and in the amount of 6.5 % for PLA and 10.5 % for
the PLA-PCL-Ag sample. All curves show a the PLA-PCL mixture.
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The weight loss of the films in this
temperature range can be explained by the
removal of solvent residues - chloroform during
heating. The mass loss process of composites
begins at 70 °C, which is slightly higher than the
boiling point of chloroform (61.1°C), i.e.
solvent residues in this temperature range change
to a gaseous state and diffuse from the films. As
can be seen, there are more chloroform residues
in the PLA-PCL mixture, which is due to the
looser molecular structure in mixtures of
incompatible polymers [21]. The temperature of
the onset of thermal destruction for PLA is

332.6 °C, for the PLA-PCL mixture it is 3°C
lower and 329.4 °C, which may be due to the
less dense molecular structure of the mixture.
The maximum temperature of DTGA (that is, the
highest rate of thermal destruction) is the same
for all films except PLA and is ~ 371 °C. For
PLA, this value is somewhat higher 373.4 °C.

As for the coke residue (that is, the polymer
residue that did not burn at 500 °C), it is 0.96 %
for the PLA-PCL mixture and close to zero for
pure PLA. The parameters of the composites are
given in Table 1.

Table 1. TGA data for polylactide, PLA-PCL mixture, and PLA-PCL-Ag composites obtained during different

times of silver sputtering

Loss of mass

The beginning
of thermal

The maximum Coke residue at

Sample at 70-130 °C, destruction rate of thermal 500 °C,
% oC ' destruction, °C %
PLA 6.5 332.6 3734 0,00
PLA-PCL 10.5 329.4 3711 0.96
PLA-PCL-Ag (1 min) 6.4 322.9 3713 0.08
PLA-PCL-Ag (3 min) 6.4 3229 3713 0.96
PLA-PCL-Ag (5 min) 6.4 322.9 3713 2.10

As can be seen from Fig.4, in the
temperature range of 70-130 °C, the mass loss
of PLA-PCL-Ag composites with different
amounts of silver (that is, with different
sputtering times) is equal to each other and
amounts to 6.4 %, while the mass loss of the
mixture PLA-PCL is 10.5 %. This result can be
explained by the partial evaporation of the
remaining chloroform at room temperature when
placing the PLA-PCL film in a vacuum chamber
for sputtering, which reduced its content in the
polymer to 6.4 %. The difference in sputtering
time did not affect this process, since the bulk of
the remaining solvent evaporated immediately
after pumping out the vacuum chamber.

The temperature of the onset of thermal
destruction for the PLA-PCL sample is 329.4 °C,
while for metal-containing compositions it is
6.5 °C lower and equals 322.9 °C on average.
The sprayed metallic layer of silver contributes
to better heat transfer from the device chamber
to the polymer part of the sample and the
temperature of the onset of thermal destruction
decreases. At the same time, the maximum on
the DTGA curves, which corresponds to the
highest rate of thermal destruction, is the same
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for all composites and equals 371.3 °C. The
amount of coke residue is insignificant and
ranges from 0.077 to 2.1 %, depending on the
spraying time.

Fig. 5 shows the DSC curve of the PLA film.
As can be seen, three temperature transitions are
observed on the curve, namely, glass transition
in the temperature range of 58-62 °C, cold
crystallization at 100-150 °C, and melting in the
temperature range of 155-180°C. The
parameters of these three transitions are
presented in Table 2. The presence of a large
peak of cold crystallization indicates that during
the heating process, some part of the amorphous
phase in the polymer is ordered and transformed
into a structured crystalline phase. Upon further
heating, the crystalline phase formed during cold
crystallization melts and gives an endothermic
peak on the DSC curve.

The degree of crystallinity of the composites
x was calculated from the equation

AH

=—"_100%
X mAH ° °

m
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where AHn is the heat of fusion of the
composite, AH’, is the heat of fusion of PLA
with 100 % crystallinity (93 J/g) [22], m is the
mass fraction of PLA in the composite. From the
data in Table 2, it follows that the heat of
crystallization AHcr and the heat of melting AHn
of polylactide differ significantly, namely
AHi/AHn =0.63. It  follows that cold
crystallization gives a share of 0.63 of the degree
of crystallinity, the rest is the initial crystallinity
of PLA, i.e. y=105% for PLA, which was
obtained after the first run in the equilibrium
state, and y=17.9% caused by cold
crystallization.

Fig. 6 presents DSC thermograms for
mixtures of polylactide with polycaprolactone
(PLA-PCL) in a mass ratio of 80-20. It should
be noted that the DSC curves do not show their
exo- and endothermic peaks of PCL, in
particular, the melting temperature of PCL is
about 60 °C, but the corresponding endothermic
peak is absent.

That is, it can be assumed that the polymeric
component of PCL in the mixture affects only
the crystallization and melting of polylactide.
Indeed, the heat of crystallization in the mixture
increases dramatically compared to PLA (24.25
compared to 16.56 J/g), and the temperature of
crystallization decreases significantly (118.3
compared to 135.3 °C). This indicates that the
second component of the mixture contributes to
the intensive flow of cold crystallization. As a
result, the resulting degree of crystallinity of

PLA-PCL mixtures is significantly higher than
that of the original PLA (y is 35.0 compared to
28.4 %).

Heat flow (a.u.)
0,0¢

0,4}
0,8}
-1,2} |exo

-1,6}

50 100 150 200
T,°C

Fig. 5. DSC thermogram of the initial polylactide
film material

Heat flow (a.u.)
0,0

-0,4}
-0,8}

-1.2} |exo

-1,6f

50 100 150 200
T,°C
Fig. 6. DSC thermogram of the PLA-PCL mixture,
taken in a mass ratio of 80-20

Table 2. Parameters of DSC thermograms of polylactide, its PLA-PCL mixture, and silver-containing composites

based on the PLA-PCL mixture

Tg, Tcr, AHcr, Tm, y 4

Sample oC oC 3 oC AHm, J/g %

PLA 61.6 135.3 16.56 169.5 26.44 28.4
PLA-PCL 60.7 118.3 24.25 167.7 26.06 35.0
PLA-PCL-Ag (1 min) 60.5 119.2 21.88 169.0 22,95 30.8
PLA-PCL-Ag (3 min) 60.6 118.8 26.76 169.0 29.12 39.1
PLA-PCL-Ag (5 min) 60.9 120.6 23.10 170.5 28.94 38.9

The melting temperature of the mixture is
~2°C lower than that of pure PLA and an
additional high-temperature shoulder appears at
the endothermic melting peak, indicating a
complex structure of the crystalline phase that is
formed during cold crystallization. As for the
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glass transition temperature, it decreases by
~ 1 °C in the mixture compared to PLA.

Fig. 7 shows DSC thermograms of the
PLA-PCL mixture with silver sputtering for 1, 3,
and 5 min.

As can be seen, the thermograms are similar
to each other, but there is an increase in the
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degree of crystallinity » from 35 to 39%
(excluding PLA-PCL-Ag (1 min) and the
melting temperature Ty, from 168 to 169-170 °C.
This is evidence of the effect of silver particles
penetrating the polymer film to a certain depth
and causing a nucleating effect during polymer

Heat flow (a.u.) Heat flow (a.u.)

crystallization. At the same time, there is no
effect of the metallic silver layer on the
amorphous phase, since the glass transition
temperature Ty of the composites practically
does not change compared to the pure PLA-PCL
mixture (Table 2).

Heat flow (a.u.)

0,0 | /\ 0,0p \\ " 0.0r \
) | A

0,4} 0,4k m \ 0,4}

[ B
0.8} || -0,8} \ ([ -0,8} \

I || |
1.2} [ [ 1.2} e ‘H 1.2} oo I

w |
16p . . . 16p . L -16¢
50 100 150 200 50 100 150 200 50 100 150 200
T, °C T, °C T,°C
a b c

Fig. 7. DSC thermograms of composites based on a PLA-PCL mixture with silver nanoparticles sprayed for 1 (a), 3

(b), and 5 min (c)

At the next stage, studies of the tensile
strength of film materials based on polylactide
and polycaprolactone, as well as samples with
silver sprayed on their surface, were conducted.

Polylactide exhibits moderate mechanical
properties with a maximum elongation at a break
of less than 2 %. When adding 20 % by weight
of polycaprolactone to polylactide, the
elongation at break increases to 22.4 %.
PLA-based films showed the highest tensile
strength, namely 33.3 MPa. The tensile strength
of the sample based on polylactide and
polycaprolactone is 26.7 MPa (Fig. 8).

350 1

30

Stress, MPa

0 2 4 6 8 10 12 14 16 18 20 22 24
Strain, %

Fig. 8. Stress-strain curves of film materials based
on polylactide (1) and its mixture with
polycaprolactone (2)
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When sputtering PLA-PCL films with silver,
the tensile strength and elongation to break the
samples decrease. As the sputtering time
increases, the elongation to break in the samples
decreases (Fig. 9).

30
25+
20+

15+

Stress, MPa

10 {

0 5 10 15 20 25 30
Strain, %

Fig. 9. Stress-strain curves of film composite
materials of pure PLA-PCL sample (1) and
PLA-PCL samples with silver sputtered for 3

(2) and 5 min (3)

The study examined the antimicrobial
activity of film materials made from PLA and
PCL polymers with Ag nanoparticles deposited
on the polymer surface for 1, 3, and 5 minutes.

It was shown that the formed PLA-PCL
polymer materials with Ag nanoparticles, which
were sprayed for 1min, did not exhibit
antimicrobial activity against any of the test
cultures of microorganisms (Table 3). The
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studied films with Ag nanoparticles sputtered for
3 and 5min showed antimicrobial activity
against S.aureus and E.coli. Thus, after
24 hours of incubation at 37 °C, a clear zone was
observed around the disks of the PLA-PCL-Ag
samples with sputtering times of 3 and 5 min,
indicating an inhibition of microbial growth. The
diameters of the growth retardation zones for S.
aureus were 13.80+0.50 mm in the sample
where silver sputtering was carried out for 3 min
and 14.82+0.60 mm in the sample where silver
sputtering was carried out for 5 min (Table 3,

Fig. 10). The diameter of the growth retardation
zone for E.coli was 16.44+0.70 mm for the
sample sputtered for 5min (Fig.10). The
PLA-PCL-Ag film sample was sputtered with

silver for 3min and showed a slight
antimicrobial effect. The diameter of the growth
retardation zone for E.coli  measured

11.02+0.40 mm. In the control samples (without
Ag nanoparticles) of PLA and PLA-PCL, active
growth of test microorganisms and the absence
of growth retardation zones were observed
(Fig. 10).

Table 3. Antimicrobial activity of PLA-PCL-Ag films against conditionally pathogenic microorganisms

Spraying time, Polymer systems

Diameter of growth retardation zones, mm

min S. aureus E. coli
0 PLA 0 0
0 PLA-PCL 0 0
1 PLA-PCL-Ag 0 0
3 PLA-PCL-Ag 13.80+0.50 11.02+0.40
5 PLA-PCL-Ag 14.824+0.60 16.44+0.70
S. aureus
E. coli

PLA-PCL-Ag

PLA-PCL

Fig. 10. Antimicrobial activity of PLA-PCL films with Ag nanoparticles deposited on the polymer surface for 5

minutes

Thus, it was shown that the polymeric
materials PLA and PLA-PCL, with Ag
nanoparticles, sputtered for 5 minutes and
exhibited the highest antimicrobial effect against
S. aureus and E. coli.
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Nanoparticles of various metals can
penetrate living cells, bind to nucleic acids, form
DNA adducts, cause DNA damage, integrate
into biological membranes, lead to cell death or
oncotransformation, reduce proliferative activity,
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penetrate cell organelles, and variously change
the functions of biological structures. Therefore,
it is necessary to ensure the biosafety of the
investigated composites. The genotoxicity of
samples is an important indicator of biosafety.

The genotoxicity (mutagenicity) of polymer
films was studied on the culture of peripheral
blood lymphocytes of healthy volunteers using
cytogenetic and molecular genetic methods.

To determine the mutagenicity of polymer
films PLA, PLA-PCL, PLA-PCL-Ag (sputtering
time 5min) using the cytogenetic research
method, it is necessary to study the spontaneous
level of chromosome aberrations, which is an
important quantitative characteristic of the
mutation process.

Therefore, we conducted our assessment of
the spontaneous level of chromosome

aberrations of volunteer donors. It was found
that the value of the spontaneous level of
chromosome aberrations for volunteer donors
was 2.0%=+1.2 and it is represented by
aberrations of the chromatid type — single
fragments and chromosome type - paired
fragments. All other metaphase plates 98 %
contained normal chromosomes that did not have
structural rearrangements (Fig. 11). It is known
that the most common type of spontaneous
aberrations, which is characteristic of healthy
individuals, are single and paired fragments
(acentric aberrations), that is, the simplest
structural damage to chromosomes, which,
according to various authors, account for almost
90 % of the total number of aberrations
(Fig. 12, 13).

Fig. 11. Metaphase plate 46 XX. Norm

Fig. 12.

98

Metaphase plate 46 XX with a paired fragment (indicated by arrows)
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Fig. 13.

During co-cultivation of the original
polymer films PLA, PLA-PCL, PLA-PCL-Ag
(sputtering time 5 min), formed by the irrigation
method from a solution with peripheral blood
lymphocytes, no statistically significant p > 0.05
increase in the frequency of chromosome
aberrations was observed, by the control values
(Fig. 14). The spectrum of chromosome
aberrations during co-cultivation of peripheral
blood lymphocytes and polymer films is
represented by chromatid breaks and paired
fragments.

Analyzing the obtained values of the
frequency of chromosome aberrations during the
cultivation of peripheral blood lymphocytes with
polymer films PLA, PLA-PCL, PLA-PCL-Ag
(sputtering time 5 min), no mutagenic effect of

Metaphase plate 46 XX with a single break (indicated by arrows)

these nanocomposites was noted, but this is
possible due to the effective work of the body’s
reparative systems.

A molecular genetic method was also used
to determine the genotoxicity of polymer films.

First, using the classical Somet assay
method, the value of background individual
indicators of DNA damage of individual cells in
a volunteer donor, which served as a control,
was determined.

It was found that in the volunteer donor, the
control of % DNA yield was 20.4+0.7 %. During
the co-cultivation of LPK with PLA, PLA-PCL,
PLA-PCL-Ag (sputtering time 5 min) films, the
% DNA vyield was 18.92+0.51 %, 14.38+0.37 %,
and 16.2+0.61 %, respectively, which was within
the control (Fig. 15).

The frequency of chromosome aberrations

Frequency of aberrant cells
Ok MW o o s B

CONTROL

FLA

i oo 0

FLA-PCL FLA-PCL-Ag

Fig. 14. The frequency of chromosome aberrations during co-cultivation of polymer films PLA, PLA-PCL, PLA-
PCL-Ag (sputtering time 5 min) with peripheral blood lymphocytes
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% DNA

25

COMNTROL
Fig. 15.
5 min) with peripheral blood lymphocytes
TailMoment
10
2
B
5
4
3
2
1
: CONTROL
Fig. 16.

with peripheral blood lymphocytes

The next histogram (Fig. 16) shows the data
of the Tail Moment indicator. It was shown that
the values of Tail Moment ranged from
5.99+0.42 to 8.9+0.5 in the studied samples
during the simultaneous cultivation of polymer
films and peripheral blood lymphocytes.

It should be noted that there is no
statistically significant difference between the
minimum and maximum individual TM values
in the presented group.

CONCLUSIONS

In this article, film composite materials based
on polylactide polymer, its mixture with
polycaprolactone, and PLA-PCL mixture with
sputtered silver nanoparticles were investigated at
different times.

Using the method of wide-angle X-ray
scattering, it has been found that the investigated

100

15
10
5

PLA-PCL PLA-PCL-Ag

Level of % DNA during cultivation of polymer films PLA, PLA-PCL, PLA-PCL-Ag (sputtering time

FLAPCL PLA-PCL-Az

TM level during the cultivation of polymer films PLA, PLA-PCL, PLA-PCL-Ag (sputtering time 5 min)

film polymers are characterized by a semi-
crystalline structure, and the presence of metallic
Ag particles on their surface was confirmed. The
analysis of the morphology of the samples showed
that a layer of silver nanoparticles with a thickness
of ~425nm is formed on the surface of the
PLA-PCL polymers (with a sputtering time of
5 min).

According to DSC data, it was established that
when sprinkling silver on the PLA-PCL mixture,
there was an increase in the degree of crystallinity
y from 35 to 39 % and the melting temperature T
from 168 to 169-170 °C of the polymer, which is
evidence of the influence of silver particles, which
penetrate the polymer film to a certain depth and
have a nucleating effect during polymer
crystallization. At the same time, the effect of the
metal layer on the amorphous phase of the polymer
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is not observed, since the glass transition
temperature Tc does not change.

It was established that the best mechanical
indicators, in particular mechanical elongation,
were shown by the original film based on
PLA-PCL.

It was shown that the polymeric materials PLA
and PLA-PCL, with Ag nanoparticles, sputtered
for 5 min and exhibited the highest antimicrobial
effect against S. aureus and E. coli.

When studying the genotoxicity of
biopolymer films using cytogenetic and
molecular genetic methods, it has been found
that the films do not exhibit a toxic effect.

This work was partially realized in the frame
of the project from the National Research
Foundation of Ukraine (Development of
antimicrobial packaging biopolymer materials and
technology of their welding for long-term food
storage). Application ID 2022.01/0019).
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Jlnia cmeopenns  nuigkosux mamepianie 3 AHMUMIKDOOHUMU — BIACMUBOCHAMU  WUPOKO  BUKOPUCHOBYIOMbCS
HAHOYACMUHKU  CPIOAA, 5IKI 6800SMbCS, 30Kpemd, 6 NONMepHi mampuyi. Y yill pobomi sK NOMIMEPHY OCHOBY
BUKOPUCTOBYBAIU  CYMIUL NOJIMEPIE  NOAIAKMUO-NONIKANPOLAKMOH, 635mux vy macosomy cniegionowenni 80-20. L]i
00CTOIHCEHHSL 8 NOOATLLUOMY CHPUSIIMUMYNTb PO3POOYT HOBUX DE3NEeYHUX MAMEPIaie, 30KpemMa npu CMEOPeHHI NAKYSAIbHUX
Mamepiania OJisi Xap4o8ux NPOOYKMis, Wo Ha Cb0200HI, 6E3NEPEUHO, € AKMYAILHOI NPOOIEMOIO.

Memoro pobomu Oyno cmeopenHs CpIONIOBMICHUX NONIMEPHUX KOMNO3UMIE HA OCHOGI CyMiwil NONAKMuoy i
NONIKANPONIAKMOHY ULIXOM 8aKYYMHO20 HANUIEHHS HAHOYACMUHOK CPIONA HA NOBEPXHIO NOTIMEPHOL Mampuyi ma GUEYeHHs!
CMPYKmMypu, Mopgonoeii, mennogizutnux, AHMUMIKpOOHUX Ma 2eHOMOKCUYHUX 61ACIUBOCIIEN 00EPHCAHUX KOMNOSUMIE.

Hanunenna nanouacmunox cpibna na nogepxuto cymiwi 6iononimepis IIJIA-IIKJI euxonysanu 3a 00nomo2or
npunady FC-1100 ion sputtering device (JEOL, Japan) mpomseom 1, 3 ma 5 xe. Toswuna niieox cmanosuia
110 mxm. Cmpykmypa, mopgonozis, menio@izuuni, aHmuMiKpoOHi ma 2eHOMOKCUYHI 6IACMUBOCE KOMNO3UMIS,
CPOPMOBAHUX WASAXOM HANUTEHHS HAHOYACMUHOK CpIOna HA NOGEPXHIO NOXimepd, OO0CHIONCEHO 3a 00NOMO2010
WUPOKOKYMHO20 PO3CiI08anHs penmeaeniscokux npomenie na npuiaoi XRD-7000 (Shimadzu, Sfnownis), mpancmicitinor
enexmponnoi mikpocxonii (TEM) (JEM-1230 JEOL, Anonis), mepmozcpasimempuunozo ananizy (TGA Q50) (TA
Instruments, USA), oupepenyianvroi cxanysanvnoi karopumempii (DSC Q2000) (TA Instruments, USA), a makoarc
AHMUMIKPOOHUX A 2eHOMOKCUYHUX GUNPOOYBAHD.

Memoodom penmeenocmpykmypro2o ananizy 6y10 6CMaHO61eHO, Wo GUXIOHI DIONOAIMeEpPU XapaKkmepusyiomvcs
HAani6KpUCMANIYHOK CMPYKMYPO mda RIOMEEPONCEHO HAAGHICHb MemAniuHo20 cpibna Ha noeepxui nonimepa.
THokazano, wo na nosepxui cymiuii IIJIA-TIKJI ymeoproembcst wap 4acmuHok cpionia moswurorw 0ausvko 425 nm 3a
uac HanunemHs 5 xs.

3a pesynomamamu ougheperyianbHoi CKaHy8aANbLHOI Karopumempii 6y10 8UABILEHO, WO NPU HANULEHHI YACMUHOK
cpibna na nosepxmio bOiononimepie nidguwyemvca cmyninb kpucmaniunocmi 3 35 0o 39 % ma memnepamypa
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nnaenenusi Ty, 3 168 00 169-170 °C. Ilpu yvomy eniugy memane6ozo wiapy cpioia Ha amop@hy gasy nonimepa me
saghikcosano. Busieneno anmumixpobny axmuenicmo 3spaskie I[1JIA-TIIKJI-AQ 3 mpusanicmio nanuienns 3 ma 5 x
woodo mikpoopeanizmie S. aureus ma E. coli. Byro ecmanoeneno, wo Oocniodxcyseani 3pazku He NPOSAGISIU
MOKCUYHO20 eekmy.

Knrouosi cnoea. noninakmuod, noaikanponakmow, CpibIOSMICHUNL KOMNO3UM, CMpYKmypa, mopgonoeis,

mepMiYHi 81ACMUBOCMI, AHMUMIKDOOHA AKMUBHICIb, 2EHOMOKCUYHICMb
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