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Aim. Development and experimental characterization of a bioactive composite based on polylactic acid,
modified with hydroxyapatite and gentamicin, for implant applications.

Materials and methods. PLA-based composites were prepared by solution mixing followed by hot
pressing, with variation of the hydroxyapatite content (0 — 40 wt. %). The microstructure and distribution of
the inorganic filler were analyzed using scanning electron microscopy and energy-dispersive X-ray analysis.
Mechanical properties were evaluated by three-point bending tests with determination of flexural strength and
Young’s modulus in accordance with ISO 178:2019. Antimicrobial activity was assessed in vitro by the agar
diffusion method against standard test strains of Staphylococcus aureus, Bacillus subtilis, Escherichia coli,
Pseudomonas aeruginosa, and Candida albicans.

Results and discussion. The developed composite fabrication approach was shown to provide a ho-
mogeneous microstructure with a dispersed distribution of hydroxyapatite within the polymer matrix without
pronounced macro-agglomeration. An increase in hydroxyapatite content resulted in a systematic decrease
in flexural strength accompanied by a moderate increase in Young’'s modulus, reflecting the trade-off be-
tween stiffness and resistance to bending deformations characteristic of particulate-filled polymer systems.
Gentamicin-containing composites exhibited pronounced antimicrobial activity against Gram-positive and
Gram-negative bacteria.

Conclusions. The obtained results confirm the potential of PLA-based composites modified with hy-
droxyapatite and gentamicin as functional biodegradable materials for implant applications in regions with
moderate mechanical loading, combining mechanical support, bioactivity, and local antimicrobial protection.

Key words: polylactic acid; hydroxyapatite; gentamicin; biodegradable composites; antimicrobial activ-
ity; mechanical properties; bone implants

INTRODUCTION

Modern medicine is facing a steady increase
in the number of traumatic injuries to the musculo-
skeletal system, caused by both age-related degen-
erative changes and the high frequency of road traffic
accidents, sports and domestic injuries [1, 2]. The
restoration of bone tissue in severe fractures, exten-
sive bone defects after tumor resection, or infectious
complications requires the use of bone scaffolds that
promote targeted regeneration of bone structures.
Materials for bone implant structures must meet re-
quirements for providing temporary mechanical sup-
port and the ability to osseointegrate [3].

In clinical practice, metal, ceramic, and pol-
ymer non-biodegradable implants are widely used
to replace bone defects. Metal structures, including
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titanium and cobalt-chromium alloys, are highly du-
rable and long-lasting, but their use may be accom-
panied by stress shielding, corrosion processes, and
the need for secondary surgical intervention [4]. Ce-
ramic materials, including hydroxyapatite-containing
systems, are characterized by high biocompatibility
and bioactivity, but are fragile and have limited me-
chanical reliability. Polymer materials provide good
biocompatibility, but their biological inertness limits
osseointegration processes [5]. A significant disad-
vantage of non-biodegradable implants is the need
for their removal, which increases the trauma of treat-
ment and the risk of complications.

The WHO notes that surgical site infections
(SSls) are among the most common hospital-ac-
quired infections and lead to repeat hospitalizations,
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Figure 1 — Fabrication scheme of bioactive polylactic acid composite

prolonged antibiotic therapy, and increased burden
on the healthcare system [6]. The incidence of SSI
after orthopedic surgery averages 1-5%, and can
reach 30% in cases of open fractures and revision
surgery [7, 8]. In orthopedic traumatology, up to 10-
15% of all surgical interventions are revision surger-
ies aimed at eliminating complications such as non-
union, mechanical instability, and infection; at the
same time, it is after repeat interventions that the risk
of infection increases 2-3 times compared to primary
surgeries [9, 10]. The formation of bacterial biofilms
on the surface of implanted materials plays a signifi-
cantrole in the development of implant-associated in-
fections, which significantly reduces the effectiveness
of systemic antibiotic therapy and contributes to the
chronicity of the inflammatory process [17].

In this regard, biodegradable polymer materials
capable of providing temporary mechanical support
to bone tissue, followed by replacement with new-
ly formed bone matrix, are of considerable interest.
Among them, special attention is paid to polyester bi-
opolymers, in particular polylactic acid (PLA), due to
its biocompatibility, controlled degradation rate, and
technological suitability for producing scaffolds of
various architectures [11, 12]. At the same time, pure
PLAis characterized by low bioactivity and limited os-
teointegration capacity, which limits its use as a stan-
dalone material for bone implant structures [13, 14].

One effective approach to improving the bio-
logical functionality of PLA is the introduction of in-
organic bioactive fillers, in particular hydroxyapatite
(HA). The chemical composition of hydroxyapatite is
similar to that of the mineral phase of bone tissue,
which determines its osteoconductive properties and
ability to stimulate the adhesion and proliferation of
osteogenic cells. In addition, the dispersed introduc-
tion of HA particles allows the physical and mechan-
ical characteristics of the polymer matrix to be reg-
ulated, which is an important factor in the design of
implant materials for bone tissue [15, 16].

A promising direction in the prevention of im-
plant-associated infections is the creation of materials
with local antimicrobial activity by incorporating anti-
biotics directly into the implant structure. Gentamicin,
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a broad-spectrum aminoglycoside antibiotic, is wide-
ly used in orthopedic practice and can effectively re-
duce the risk of bacterial colonization of the surface
of implanted materials when released locally [18, 19].

Therefore, the development of biodegradable
composites based on PLA modified with hydroxyapa-
tite and gentamicin represents a promising direction
in the creation of implant materials with combined os-
teoconductive and antimicrobial properties.

The aim of the work was to develop and
experimentally characterize a bioactive composite
based on polylactic acid, modified with hydroxyapa-
tite and gentamicin, for implant applications.

MATERIALS AND METHODS

In the study, polylactic acid (PLA, Nature-
Works, Ingeo 4032D, USA) was used as the polymer
matrix. Bioactive additives, including hydroxyapatite
(Ca,,(PO,),(OH),) (Sigma-Aldrich, USA) and gentamicin
sulfate (Sigma-Aldrich, USA), were used to modify the
polymer matrix. Ethyl acetate (Sigma-Aldrich, USA)
was used to dissolve the components.

The production of a bioactive composite based
on polylactic acid, hydroxyapatite, and gentamicin
was carried out in several consecutive stages using
solution and thermal processing methods.

In the first stage, polylactic acid was dissolved
in ethyl acetate at room temperature using an ultra-
sonic bath until a homogeneous solution was ob-
tained. Ultrasonic treatment was used to accelerate
the dissolution of the polymer and prevent the forma-
tion of agglomerates.

In the second stage, hydroxyapatite and gen-
tamicin were sequentially added to the resulting solu-
tion. The mixture was subjected to intensive homog-
enization in order to evenly distribute the inorganic
filler and antibiotic in the poly-lactic acid solution.

In the third stage, the organic solvent was re-
moved by distillation until a solid compound was ob-
tained. The process was carried out under controlled
conditions to minimize the residual solvent content.

The resulting compound was molded by hot
pressing using a thermopress. Pressing was carried
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(a) x2 000
Figure 2 — Images of the surface of PLA-HA-Gen composite obtained using a scanning electron microscope

out at a temperature of 180 °C to obtain flat samples
suitable for subsequent studies of structural, me-
chanical, and antimicrobial properties.

The mechanical properties of the composites
were evaluated by bending tests followed by calcula-
tion of the Young’s modulus. Composite samples with
different hydroxyapatite contents (0%, 10%, 20%,
30%, 40%) were used for the tests.

The tests were performed at a temperature of
23°C and a relative humidity of 50% in a three-point
loading mode in accordance with ISO 178:2019. The
geometric parameters of the samples and the dis-
tance between the supports were selected in accord-
ance with the requirements of the standard. The re-
sults of the tests were used to determine the flexural
strength and flexural modulus of elasticity.

For each composite composition, mechanical
tests were performed on at least five samples. The
results obtained were used to evaluate the effect of
hydroxyapatite content on the mechanical properties
of composite materials.

The surface morphology of composite mate-
rials was studied using scanning electron microsco-
py with the Helios 5 CX SEM/FIB system (Thermo
Fisher Scientific, USA). Microstructural analysis was
performed at low accelerating voltages in the range of
3-5 kV, which allowed obtaining high-contrast imag-
es of the polymer sample surfaces. The working dis-
tance during imaging was maintained within 3-4 mm,
and the electron probe current was approximately
100 pA. Images were recorded in secondary electron
(SE) mode.

An integrated energy-dispersive X-ray analysis
(EDS) system was used to evaluate the elemental
composition and spatial distribution of the inorganic
filler. Elemental mapping was performed on areas
corresponding to the SEM observation areas. The
distribution of the main elements, including carbon,
oxygen, and calcium, was recorded at standard de-
tection parameters. The maps obtained were used to
analyze the uniformity of hydroxyapatite distribution
in the polymer matrix volume.
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The antimicrobial properties of composite ma-
terials were evaluated in vitro using the agar diffusion
method. Standard test strains were used as model
microorganisms: Staphylococcus aureus (ATCC
6538), Bacillus subtilis (ATCC 6633), Escherichia coli
(ATCC 25922), Pseudomonas aeruginosa (ATCC
27853), and Candida albicans (ATCC 10231) were
used as model microorganisms.

The initial microbial suspensions were pre-
pared at a concentration corresponding to 0.5 on the
McFarland scale and evenly applied to the surface of
a dense nutrient medium. Composite samples were
molded into 6 mm diameter discs and placed on the
surface of the seeded agar.

Standard discs containing gentamicin (for bac-
terial strains) and nystatin (for C. albicans) were used
as positive controls. Composite samples without anti-
biotic addition served as negative controls.

Bacterial cultures were incubated at 37 °C for
24 hours, while C. albicans cultures were incubated at
28 °C. At the end of the incubation period, antimicrobial
activity was assessed by measuring the diameters of
the zones of microorganism growth inhibition around
the samples using a standard measuring template.

The following activity gradation was used to
interpret the results: no antimicrobial effect — zone di-
ameter less than 10 mm; weak activity — 10-15 mm;
moderate activity — 15-20 mm; pronounced antimi-
crobial activity — more than 20 mm. All measurements
were performed at least three times independently,
and the results were presented as the mean + stand-
ard deviation.

RESULTS AND DISCUSSION

The microstructure of the surface of composite
samples based on polylactic acid modified with hy-
droxyapatite and gentamicin was studied using scan-
ning electron microscopy (Fig. 2a, 2b).

SEM images of the initial surface of the com-
posites, obtained at magnifications of x2,000 and
x10,000, demonstrate a relatively smooth and mor-
phologically homogeneous structure without pro-
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Figure 4. Total EDS spectrum of PLA-HA-Gen composite

nounced porosity and macrodefects (Fig. 2a, 2b). The
observed elongated linear elements are oriented and
are likely due to the processing characteristics of the
material (hot pressing) rather than the formation of mi-
crocracks or disruption of the polymer matrix integrity.

Analysis of SEM images at medium magni-
fication did not reveal any large agglomerates of
micron-scale inorganic filler (Fig. 2b). The matrix
contains dispersedly distributed light inclusions of
submicron size, corresponding to hydroxyapatite
particles. The absence of pronounced aggregation
zones indicates effective dispersion of the filler during
the composite production process and the formation
of a structurally homogeneous material.

SEM analysis at high magnification (up to
x20,000, Fig. 2c) showed that no characteristic signs
of interphase delamination, such as voids, radial mi-
crocracks, or local defects, were found at the phase
boundary, indicating a sufficient level of adhesive in-
teraction between PLA and the inorganic filler. The
absence of sharp boundaries and defective areas
around the particles reduces the likelihood of stress
concentration and premature failure of the material
under mechanical loading.

Energy dispersive X-ray analysis was per-
formed to confirm the presence and spatial distri-
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bution of the inorganic filler. Carbon and oxygen
distribution maps showed a continuous and uniform
surface structure corresponding to the polymer matrix
(Fig. 3a, 3b).

The distribution of calcium was finely dispersed
and was not accompanied by the formation of local
areas with increased concentration of the element
(Fig. 2c), which confirmed the uniform dispersion of
hydroxyapatite in the composite volume.

The total EDS spectrum (Fig. 4) was character-
ized by the dominance of carbon, which correspond-
ed to the predominance of the polymer matrix, with
the simultaneous presence of calcium and phospho-
rus associated with the calcium phosphate phase.

It should be noted that EDS analysis data were
qualitative and semi-quantitative in nature and were
used to confirm the elemental composition and distri-
bution of the filler, rather than to evaluate its stoichi-
ometric ratio.

In general, the results of SEM and EDS anal-
ysis indicated the formation of a homogeneous mi-
crostructure of the composite material with a uniform
distribution of hydroxyapatite and the absence of
pronounced interphase defects. Such microstructur-
al organization is an important prerequisite for the
formation of reproducible mechanical characteristics
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Figure 5 — Dependence of the mechanical properties of PLA composites on hydroxyapatite content:

(a) flexural strength; (b) Young’s modulus

and is consistent with the results of mechanical tests,
as well as creating conditions for the realization of the
bioactive and antimicrobial properties of the material.

The dependence of the Young’s modulus
and flexural strength of PLA composites on the hy-
droxyapatite (HA) content is shown in Fig. 5 a, b.

With an increase in HA content, there is a
marked decrease in ultimate flexural strength. For un-
modified PLA, the strength is 110.6£6.3 MPa. When
10% HAis added, the strength decreases to 57.51+4 .4
MPa, which corresponds to a decrease of more than
40%. A further increase in HA content to 20% leads
to a decrease in strength to 45.9+6.9 MPa, and at
30% and 40% HA, the values are 40.7+3.8 MPa and
29.5+2.3 MPa, respectively (Fig. 5a).

At the same time, there is a moderate increase
in Young’s modulus: from 1.92+0.12 GPa for PLA and
PLA-HA-Gen 10% to 2.09+0.15 GPa for the compos-
ite with 40% HA, which reflects an increase in the
stiffness of the material due to the introduction of a
solid inorganic phase (Fig. 5b).

The observed combination of a decrease in
flexural strength and an increase in elastic modulus
reflects the compromise between stiffness and the
ability to deform without breaking that is character-
istic of dispersion-filled polymer composites. As the
hydroxyapatite content increases, the proportion
of the continuous polymer phase capable of plastic
deformation decreases, and the probability of local
stress concentration in the interphase contact areas
increases. At the same time, the results of microstruc-

Table 1 — Growth inhibition diameters of test strains

tural analysis indicate a dispersed distribution of hy-
droxyapatite particles in the polymer matrix without
pronounced macroagglomeration, which reduces the
likelihood of premature crack initiation by structural
defects and causes a smooth change in mechanical
characteristics with an increase in filler content. The
uniform distribution of the rigid phase also contributes
to the reproducible growth of the Young's modulus
due to the more efficient involvement of hydroxyapa-
tite particles in load transfer.

Comparison of the obtained bending strength
values (29 — 58 MPa for composites with 10 — 40 wt.
% HA) with the mechanical properties of cancellous
(trabecular) bone tissue determined by the three-point
bending method shows that the developed compos-
ites demonstrate higher strength values compared to
natural cancellous bone. In particular, according to F.
Mohd Ghazali et al., the average values of cancellous
bone strength in three-point bending are about 17.0
MPa (with a wide range depending on the anatomical
site and tissue morphology) [20]. At the same time, the
values obtained are significantly lower than those of
cortical bone, which indicates the potential applicability
of the developed composites as biodegradable struc-
tures for temporary mechanical support and filling of
bone defects in areas with limited operational load.

The antimicrobial properties of composite ma-
terials were evaluated by the agar diffusion meth-
od using standard test strains of Gram-positive and
Gram-negative bacteria, as well as yeast-like fungi.
Quantitative results are presented in Table 1, and

Growth inhibition diameters of test strains, mm
Title S. aureus B. subtilis E. coli P. aeruginosa C. albicans
(ATCC 6538) | (ATCC 6633) | (ATCC 25922) | (ATCC 9027) | (ATCC 10231)
PLA-HA-Gen 20,0+1,0 33,0+1,4 19,3+1,4 29,7+1,0 —
PLA 8,3+1,0 6,7+0,8 6,0+1,0 7,0£1,2 —
Gentamicin sulfate 15,0+0,3 29,0+0,3 15,0+1,0 26,0+0,3 —
Nystatin - - - - 20,3+0,1
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characteristic examples of zones of inhibition of mi-
crobial growth are shown in Fig. 6.

Samples of unmodified polylactic acid did not ex-
hibit pronounced antimicrobial activity against the test
strains studied, as confirmed by the small diameters of
the growth inhibition zones, which did not exceed 6-8
mm. This result indicates the biological inertness of the
polymer matrix and excludes the contribution of PLA to
the suppression of microbial growth.

PLA composites containing gentamicin formed
pronounced growth inhibition zones for all bacterial
strains studied, including S. aureus, B. subtilis, E.
coli, and P. aeruginosa. For S. aureus and E. coli,
the diameters of the growth inhibition zones were
20.0£1.0 mm and 19.3+1.4 mm, respectively, while
for B. subtilis and P. aeruginosa, the most pronounced
antimicrobial effect was observed (33.0£1.4 mm and
29.7£1.0 mm, respectively) (Table 1). The values ob-
tained correspond to moderate and pronounced anti-
microbial activity and indicate the preservation of the
biological activity of gentamicin after its introduction
into the polymer matrix.
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A comparison of the antimicrobial effect of
composite samples with that of standard gentamicin
discs showed that the inhibition zones formed by the
PLA composite with gentamicin are comparable and,
in some cases, exceed the values for gentamicin
sulfate discs (Table 1). It should be emphasized that
under the conditions of the agar diffusion test, the
composite material is a solid matrix from which the
antibiotic diffuses into the environment, while stand-
ard discs provide a rapid initial release of the active
substance. The observed comparable efficacy indi-
cates the availability of gentamicin for diffusion from
the polymer matrix volume and the functional viability
of the composite system as a carrier of the antimicro-
bial agent.

The composite samples showed no antimicro-
bial activity against C. albicans, which is consistent
with the known spectrum of action of gentamicin sul-
fate. The formation of pronounced growth inhibition
zones exclusively for the standard antimycotic drug
nystatin confirms the correctness of the methodology
and the validity of the experimental conditions.
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Taken together, the data obtained demonstrate
that the developed PLA composite provides effective
local antimicrobial activity against clinically significant
bacterial strains, including P. aeruginosa, which is of-
ten associated with implant-related infections. At the
same time, the polymer matrix acts as a structural
carrier of the antibiotic, ensuring its availability for
diffusion into the environment without loss of biolog-
ical activity. Quantitative assessment of gentamicin
release kinetics requires further research and is
planned for subsequent stages of the work.

CONCLUSIONS

This work demonstrates the possibility of ob-
taining biodegradable PLA composites modified with
hydroxyapatite and gentamicin, intended for use in
implant structures with simultaneous support for bone
regeneration and reduction of the risk of infectious
complications. The developed approach ensures
the formation of a homogeneous microstructure with
a dispersed distribution of the calcium phosphate
phase in the polymer matrix without pronounced
macroagglomeration and interphase defects.

Mechanical tests revealed a regular decrease
in flexural strength with an increase in hydroxyapa-
tite content, accompanied by a moderate increase in
Young’s modulus. This combination reflects the com-
promise between stiffness and resistance to bending
deformation characteristic of dispersively filled poly-
mer systems. The obtained flexural strength values
exceed those of cancellous bone tissue, which deter-
mines the prospects for their use in areas with mod-
erate loads.

In vitro antimicrobial studies confirmed the pres-
ervation of the biological activity of gentamicin and the
formation of pronounced local antimicrobial activity
against clinically significant bacterial strains. Taken
together, the results confirm the potential of PLA-HA-
Gen composites as functional biodegradable materials
for regenerative medicine and orthopedics.
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Llenb uccnedosaHusi. Pa3paboTka n akcnepumeHTanbHas Xxapaktepuctnka 6uoakTMBHOrO KOMnosmTa
Ha OCHOBE MOMMMOJTOYHOW KUCMOTbI, MOANMULNPOBAHHOIO MTMAPOKCUMANaTUTOM UM FreHTaMULUMHOM, ANS UM-
NNaHTauMOHHbBIX NPUMEHEHNIA.

Mamepuarnbl u memodsl. KoMnoauTel Ha ocHoBe PLA nonyyanu MeTofoM pacTBOPHOrO CMeLLeHUs ¢
nocrnegyowumM ropsyMM npeccoBaHNeM C BapbMpoBaHUeEM coaepxaHus rugpokcmanatuta (0 — 40 mac. %).
MWKpOCTPYKTYpY M pacnpeneneHne HeopraHM4eckoro HanonHUTENsT aHanuM3npoBanM MeTogamMmu CKaHUpyHo-
LLIe SMNEKTPOHHOW MUKPOCKOMNUN U SHEPTrOANCNIEPCUOHHOIO PEHTIEHOBCKOro aHanuaa. MexaHuyeckne cBon-
CTBa OLEHMBANM B UCMbITAHUAX Ha U3rMG B peXXMME TPEXTOHEYHOIO Harpy>XeHust C pac4eTom NPOYHOCTU Npwu
n3rnbe n moaynsa KOHra B cootBeTcTBMM cO cTaHaapTom ISO 178:2019. AHTUMUKPOOHYI0 aKTUBHOCTb OLIEHU-
Banu in vitro metogom anddysmm B arap B OTHOLLEHNN CTaHAAPTHbIX TeCT-lWTaMMoB Staphylococcus aureus,
Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa v Candida albicans.

Pesynbsmamel u 0bcyxdeHue. Noka3aHo, Y4TO pa3paboTaHHbIN NOAX0A, K MOyYEHMIO KOMNO3nToB obe-
crnevvBaeT hopMuUpoBaHMe OQHOPOAHON MUKPOCTPYKTYPbI C AUCNEPCHbLIM pacnpeaeneHmeM rugpokcmanartu-
Ta B NONMMepHOK MaTpuLe 6e3 BbipaXXeHHON MakpoarnomMmepauuun. YeenuueHme cogepxaHus rmgpokcuana-
TUTa NPMBOAUT K 3aKOHOMEPHOMY CHUXXEHMIO MPOYHOCTY Npu n3rnde npyu 0gHOBPEMEHHOM YMEPEHHOM POCTE
mMoaynsi FOHra, YTo oTpaXkaeT KOMMPOMMUCC MEXAY KECTKOCTbIO 1 COMPOTUBIIEHNEM U3rMOHBbIM AecdopMaumsm,
XapaKTepHbIN AN OMCNepPCHO-HaNOMHEHHbIX NONMMEPHBIX cuctem. KoMnosuTel, cogepxaliue reHTaMuuuH,
OEMOHCTPUPYIOT BbIP@XXEHHYI0 aHTUMUKPOOHYH akTUBHOCTb B OTHOLLEHUW PaMMONOXUTENBHBIX U FPaMOoTpy-
uarenbHbIX bakTepui.

Bbigodbl. Pesynbratbl UccriegoBaHWs NOATBEPXXOAT noTeHuman PLA-koMnosuToB, moamnduumpo-
BaHHbIX MTMAPOKCUANaTUTOM U FrEHTaMULMHOM, B Ka4ecTBe (PYHKLMOHamNbHbIX Bropasnaraembix matepuanos
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anda nMmnnaHTauMoHHbIX I'IpVIMeHeHVIVI B 30Hax C ymepeHHoﬂ SKCﬂﬂyaTaLlMOHHOVI Harpy3|<017|, co4yeTarwmnx
MeXaHN4YEeCKYH0 NoaAEPXKKY, OMOaKTUBHOCTb U JTOKalibHYHO aHTVIMVIKpOGHyI'O 3alunTy.

Krroyesbie cioga: NONUMMOMOYHAs  KUCNOTa, rmapokcmanatuTt; reHTaMununH; 6M0pa3naraeMble
KOMMO3WUTbI; aHTI/IMI/IKp06HaFI aKTMBHOCTb; MEXaHUYeCKMe CBOMCTBA; KOCTHbIE MMMNIIaHThI
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3epmmeydiH Mmakcambl. VIMNnaHTauusanblk KONgaHyFa apHanfFaH T[MAPOKCUanatuUTIEeH KaHe
reHTaMMUMHMEH MoandmrKauusnaHFaH NoNunakTUKanblK KbILKbIN HerisiHgeri 6MoakTUBTI KOMNO3UTTI a3iprey
)KOHEe 3KCMEPUMEHTTIK cunarray.

Mamepuandap xoeHe odicmep. PLA HerisiHgeri KoMno3autTep epiTiHAINIK apanactbipy aaiciMeH,
KeriHHeH rugpokcuanatut Menwepid (0 — 40 mac. %) e3repTe OTbIpbIN, bICTbIK NPECTEY apKblbl anbiHAbI.
MWKpOKypbINbiM MeH GeriopraHnKanblK TONThIPFBILUTBIH, Tapanybl CKaHepneyLli aNeKTPoHAbIK MUKPOCKOMNMUS
XoHe 3Heproaucnepcusanblk PeHTreHdik Tangay apictepiMeH 3epTTtengi. MexaHukanblk kacuettepi 1ISO
178:2019 cTaHgapTbiHa COMKEC VLU HYKTENi XYKTeY peXumiHaeri niny cbiHakTapbiHAa miny 6epikTiri MmeH FOHr
MoAyniH ecenTey apkbinbl 0aranaHgbl. AHTUMUKPOOTLIK B6enceHainik in vitro xarganga arapra guddysus
apicimeH Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa xaHe Candida
albicans ctangapTTbl TECT-WTamaapbiHa KaTbICTbl OaFanaHapl.

Hamuxenep xeHe marikbinay. Komno3nTrepai anygblH a3iprieHreH Tacini nonumepnik matpuuaga
rMapoKcuanaTuTTiH arkblH MakpoarfioMmepauusacelid OMCnepcTi TapanybiMeH BipTekTi MUKPOKYpPbINbIMHBIH
KanbinTacyblH KaMTaMacbI3 eTeTiHi kepceTingi. mapokcnanatuT MenLwepiHib, apTybl Winy 6epikTiriHiH 3angbl
TypAe TemeHpageyiHe xoaHe KOHr mogyniHiH GipkanbinTbl ecyiHe anbin kernegi, 6yn AncnepcTi TONTbIpbifFaH
NoNUMeEpPHIK Xyrenepre ToH KaTTbINbIK NEH Winy gedopmMauusanapbiHa Te3iMainik apacbiH4arbl KOMNPOMUCTI
kepcerteni. KypamblHOa reHTaMuumH 6ap KOMMO3UTTEP FPaMOH X8He rpamTepic GakTepusanapra KaTbiCTbl
anKblH aHTUMUKPOOTBLIK Bencenainik kKepceTTi.

KopbimbiHObiniap. AnNbIHFAHHATDKENEP TMAPOKCUanaTUTNeHXaHe reHTaMMUMHMEH MognduKaumsnaHraH
PLA-kOMNo3nTTepAiH MexaHuKanbIk kongayabl, BMOaKTUBTINIIKTI XXaHe XKeprinikTi aHTUMUKPOOTbIK KOPFaHbICTbI
YWNecTipeTiH, nanganaHy >XYKTeMecCi opTawa armakTapgarbl UMNNaHTauusanblK KongaHyfFa apHanfaH
dyHKLMOHaNablK 61obIablpaiThiH MaTepuangap peTiHaeri aneyeTiH pactangpl.

Kinm ce30ep: nonunakTukanblk KbILKbIM; TMOPOKCUaNaTuT; reHTaMULUMH; BUobIAbIpaiTbIH KOMNO3UTTEP;
AHTUMUKKPOOTLIK GenceHAainiK; MexaHKarnblK KacMeTTep; CyMek MMniaHTTaphbl
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