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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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with Latin symbols.
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3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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MICROSTRUCTURE OF BIOPOLYMER MICRO-FIBROUS SCAFFOLD AND ITS
INFLUENCE ON THE ABILITY TO RETAIN MEDICINES AND TISSUE REGENERATION

Pantus A.V, Rozhko M.M, Paliychuk V.I, Kovalchuk N.Y, Melnyk N.S.

Ivano-Frankivsk National Medical University, Ivano-Frankivsk, Ukraine.

Abstract.

Aim: The aim of the research is to study the microstructure,
antibiotic-absorbing and framework capacity of the fibrous non-
woven PCL matrices designed by us for the regeneration of
tissues and capillaries.

Materials and methods: Samples of microfibrous non-woven
matrices made by our technology out of polycaprolactone
PCL (invention patent of Ukraine Ne 119958) were used in
the work. Antibiotic retention in samples of matrix materials
was evaluated during the 1%, 3, 5% 7% 14%h 18" and 21 days
of the experiment. The experimental part of the research was
performed using 30 laboratory animals (rabbits).

Results: On the basis of microscopic studies of the biopolymer
microfiber matrices obtained by us, the relationship between the
increase in polymer concentration in the sucrose melt and the
increase in the percentage of thicker microfibers was determined.
Microbiological analysis of the antibiotic-absorbing capacity
of the obtained microfibrous biopolymer non-woven matrices
determined that lincomycin impregnated into polymer matrices
is characterized by less stability during storage than cefazolin.
Antibiotic concentrations of the impregnated matrix material
samples were actively maintained at the level of control values
for a period of 5 days. The pathomorphological analysis of soft
tissues atall times of subcutaneous implantation in the experiment
made it possible to determine the fact of regeneration of tissues
and the microcirculatory channel through the entire thickness of
the fibrous matrix. This was confirmed by a significant decrease
in the area of the connective tissue matrix per vessel from
(49345.18+485.63) um? to (24797.47+480.28) um?, an increase
in the cross-sectional area of vessels from (697.61+21.79) um?
to (1321.23+24.82) um? and a decrease in the thickness of
vascular walls from (3.2+0.05) um to (2.65+0.07) pm (p<0.01)
from the periphery to the center of the frame.

Conclusions: These facts, in our opinion, confirm the
framework function of the polymer matrix synthesized by us,
which is also a means of one-time local delivery of the medicine
to the tissues in the damaged area.

Key words. Microfiber biopolymer matrix, histological
analysis, polycaprolactone, antibiotic impregnation, connective
tissue, capillary network.

Introduction.

As of this date, a new direction including a combination of
fibrous materials with therapeutic agents, such as a system
of drugs delivery and living cells, is found in medicine. This
approach allows us to purposefully manage the structural-
functional condition of cells involved in regenerative processes
[1,2].

Natural polymers (hyaluronic acid, collagen, gelatin,
fibrinogen, chitosan, pectins, agarose, alginates, cellulose)
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and synthetic materials (polycaprolactone, polylactide) are
considered to be the promising tools for managed reconstructive
repair of tissues [3-6].

The existing method of formation of porous non-woven
matrices is electrical spinning. The three-dimensional implant
frame due to its architectonics and the presence of active
functional groups (which is determined by the type of polymeric
material) promotes the adhesion and migration of cells into the
tissue defect area, provides complex cascades of intercellular
signal interactions that underlie angiogenesis, trophicity and
reparation [1,7].

In reconstructive surgery of necrotizing infectious processes of
soft tissues, the tissue implants are used simultaneously as local
antimicrobial delivery systems (antibiotics, silver sulphadiazine,
metals nanoxides) into the area of damage [8-11]. In surgical
practice, in particular in surgical dentistry, similar microfibrous
materials, such as frames for bone reconstruction, have not
yet been widely used. Electric spinning is an expensive and
energy-intensive method. In addition, in the process of micro-
and nanofibers’ synthesis, this method uses toxic solvents for
polymers for living cells, and the resulting matrix structure
has very small pores for germination of tissues and capillaries.
Currently, a cheaper and safer method of synthesis of fibrous
matrices and the use of such matrix implants in reconstructive
surgery remains relevant and safe.

Aim. Therefore, the aim of the research was to study the
microstructure, the antibiotic-sortbing and frame capacity of the
fibrous non-woven PCL matrices designed for regeneration of
tissues and capillaries.

Materials and methods.

Fabrication and preparation for research of fibrous biopolymer
non-woven matrix. The fibrous matrix was synthesized
according to the method of centrifugation of the PCL
polycaprolactone and sucrose with the subsequent deposition
of the micro-voltage (patent for the invention of Ukraine Ne
119958). Different concentrations of polymers relative to
sucrose (15 grams of sucrose to 0.02 - 2 grams of polymer) were
used to study the percentage content of the microfibers in the
matrix. Microscopic study was used to analyze the percentage
of the microfibers in the matrix. Thus, the obtained samples of
fibrous frames from each concentration were evenly distributed
on the object glass of the microscope, and by morphometric
analysis, under the increases (%20, x40), and calculated the
percentage of microfibers of a certain thickness.

For further microbiological and experimental studies, the
prepared by us microfibers were divided into fragments, dried
in a thermostat at 35°C for 10-20 minutes, after which it was
tightly packed into the double packages “Medicom” with a
thickness of 0.6 mm (according to the standards of EN 868-
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5, ISO 11140-1, ISO 11607-1). Sterilization by y-radiation of
micro-fibrous matrices was performed using a linear accelerator
“Elektronika ELU-4".

Experimental Research Methods. Microbiological
investigations. In order to study the hydrophilicity of the
fibrous matrix and its property to keep the drugs (antibiotics)
that are necessary for their local delivery into the wound, a
microbiological examination was performed. Fragments of
collagen were used for microbiological studies. Impregnation of
matrix samples was performed in aseptic conditions by applying
to them some antibiotic solutions with the help of micropipette
(cefazolin at the terminal dose of 30 ug and lincomycin — at
a dose of 10 ug), followed by drying in a dry-air sterilizer at
a temperature of not more than 30°C. The dose of antibiotics
for impregnation into the samples of matrix materials was
determined taking into account the sensitivity of sensory
microbial culture to these drugs [12]. The study used Cefazolin
(Borshchahivskiy CPP, Ukraine) and Lincomycin hydrochloride
(Pharmaceutical firm “Darnytsia”, Ukraine). All samples were
divided into 3 series, which were stored for 3 weeks in different
conditions: at a room temperature, at room temperature in
darkness and in the dark in the refrigerator at a temperature of
+4°C. An additional series of samples with antibiotics applied
to them, was not subjected, and investigated during the 1* day in
wet form. During the 1%, 3%, 5% 7% 14% 18" and 21* day of the
experiment, samples for microbiological studies were selected
out of each series. To evaluate the preservation of antibiotics in
samples of matrix materials and the possibility of their release
in the active state into the environment, the most accessible and
sensitive biological test was used [13]. A culture of sensitive to
the specified antibiotics of the clinical strain S. aureus, identified
on the basis of a complex of morphological and cultural
properties, according to the recommendations of the 9" edition
of “Bergey’s Bacteria Determinant” [14] and Biochemical
Microtests “STAPHYtest 16”, is used as a biosensor. Used in
the study test-strain was checked for the sensitivity to cefazolin
and lincomycin by the disccodiffusion method (discs HiMedia,
India) [12]. The samples selected in the appropriate time were
placed on the surface of a nutrient agar pre-sown with S. aureus
test culture (standardized by optical turbidity of 5x10° CFU/ml).
After cultivation in a thermostat at a temperature of 37°C for
18 hours, the diameters of the growth retardation areas were
determined. The digital images of culture plate count, which
were carried out using the computer program UTHSCSA
ImageTool 2.0 (The University of Texas Health Science Center
in San Antonio, ©1995-1996) [15], were obtained.

Experimental research on animals. To study the frame
function of biopolymer fibrous PCL matrix, namely the formation
of vascularized collagenous matrix on the biopolymer fibrous
frame, experimental studies were performed. The experimental
part of the studies with the use of laboratory animals was
performed with the use of 30 adult mature female rabbits
weighing 1100-1400 g, kept in a vivarium in the usual diet. The
maintenance of animals and manipulations were performed in
accordance with the provisions of the European Convention
for the Protection of Vertebrates (Strasbourg, 1985), “General
Ethical Principles of Animal Experiments”, approved by the I
National Congress on Bioethics (Kyiv, 2001), Law of Ukraine
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“On Protection of Animals from Cruelty” (2006).

All subjects were subcutaneously implanted a polymer fibrous
non-wooven matrix based on PCL polycaprolactaton with the
size of up to 2.5 cm. For this purpose, intravenous premedication
was performed with a solution of atropine sulfate 0.1 %-0.22-
0.27 mg/kg; Dimedrol 1 %-4.6-5.2 mg/kg; Droperidol 0.25
% - 1.25 mg; Ketorolak trimetamine 1 % - 0.1 ml. As an
induction of anesthesia there was used propofol 1 % - 15 mg/
kg intravenously. Propofol of 1 %-25-30 mg/kg/h was also
used to maintain anesthesia. For subcutaneous implantation, the
interscapular area on the back of the animal was chosen. With
the help of a scalpel, an incision was made in the interscapular
area, after which with the help of mosquito bluntly way formed
a “pocket” in the subcutaneous tissue. A fibrous matrix was
subcutaneously placed into the wound. The wound was sewn up
in layers. The sampling of the material, namely a fragment of
soft tissues together with the matrix was performed during the
1%, 2, 3 month of the experiment. As a control, the material
was collected in 20 laboratory animals, namely a fragment of
soft tissues out of the interscapular area of the back, followed by
layer-by-layer stitching up of the defect.

For the implementation of general and special histological
studies of soft tissues, implants with the surrounding capsule
were dissected by mutually perpendicular cuts into 20 identical
segments. There were 9 segments for the study: one centrally
located and 4 segments from paracentral and peripheral zones
each. Histological sections of soft tissues were stained with
hematoxylin and eosin, according to Masson and Van Gieson.
Microscopic analysis of the polymer PCL fibers obtained by us,
and the morphological studies of the tissues were performed
using the light-optical microscope of Leica Dme. In order
to objectify quantitative studies, computer morphometry of
objects in histological preparations was performed with the
help of a Nikon Coolpix 4500 digital camera when using
different microscope lenses (x4, x10, x20, X40) and a computer
programme Image Tool 3.0 for Windows (free license).

Statistical research methods. Statistical analysis of numerical
data was performed using Microsoft Excel 2019 software
(Microsoft Office 2019 (Microsoft). All the quantitative
data obtained in the study corresponded to the normal type
of distribution according to the Shapiro-Wilk’s W-test, and
therefore the interval (M+m) was used to represent their
central tendency: arithmetic mean (Mean) + Standard error. To
assess the reliability of the differences in the results obtained
in comparison with the control group, the parametric t-test
(Student’s test) was used. Hypotheses about the relationship
between the studied parameters were tested by calculating
the Pearson correlation coefficient. A value of p<0.05 was
considered probable. The results of studies of morphological
structure and antimicrobial properties of fibrous non-woven
biopolymer matrix were treated with variational statistics and
single-factor dispersion analysis (ANOVA).

Results and discussion.

As the results of morphometric analysis under a light
microscope, all PCL microfibers in their microstructure can be
divided into certain types, which in one or another amount were
available in all micro-fibrous frames at different concentrations.
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Thus, the longitudinal arrangement of the fibers of the correct
cylindrical shape, organized fibers with thick weave and
transverse arrangement and trabecular transverse arrangement
(Figures 1-3) were noted.

Figure 1. Photo of microfibers with a longitudinal location.
Magnification: ocular lens 10, field lens 40.

Figure 2. Photo of microfibers with thick weave and transverse
arrangement. Magnification: ocular lens 10, field lens 40.

Figure 3. Photo of fibers of the trabecular transverse arrangement.
Magnification: ocular lens 10, field lens 40.

A detailed analysis of the structure of the fibrous matrix showed
the dependence of the percentage content of the microfibers of
a certain thickness on the concentration of polymer in the sugar
melt (Table 1).

According to the results of the performed analysis of the
concentration of fibers of the thermoplastic biopolymer PCL,
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it can be concluded that at very low initial concentrations of
polymer 0.02 - 0.36 g in the sugar melt in fibrous matrixes,
microfibers with the smallest transverse diameter prevailed.
Most fibers were of correct cylindrical shape, longitudinal
orientation with spindle-like defects in thickness (2.439+0.033)
pm, although there were also mesh plexuses of thin
(1.245+0,034) pm of microfibers with wide globes in the center.
Thus, with the increased concentrations of polymer in the
sucrose melt, the percentage ratio of thin microfibers began to
decrease, although it was the majority in the matrix, and instead,
the concentration of thicker organized microfibers of larger
diameter (4.692+0.076) pum increased. The concentration of
such microfibers remained at the level of minimum percentage
values. A certain regression in the number of thick microfibers
was observed at the subsequent increase in the concentration
of polymer 0.38 — 0.80 g. Such a jump-like effect can be
explained by the amount of polymer in the melt, namely: at
low concentrations, the length of such microfibers is small,
leading to uneven stretching, and this leads to twisting, sticking,
and welding together. This conclusion was confirmed by the
morphology of microfibers: the presence of so-called bandages
and globes on their surface. As the polymer concentration
increases at 0.82 — 2.0 g, its volume in the sucrose melts, on
the contrary, allowed the fiber to be fully pulled out, which led
to an increase in the number of more organized both thin and
thick microfibers in the matrix. Of all the types of microfibers,
the fibers both with the smallest thickness (1.638+0,112) um,
(2.83740.058) um, (3.650+0.068) um, and with a larger diameter
(4,530+0,103). +0.098) um, (6.345+0.096) um, (7.407+0.079)
pm, (8.384+0.092) um and (9.443+0.071) um, were noted in
practically uniform percentage. According to their morphology,
these were microfibers with a perpendicular location with the
preservation of their own uniform thickness throughout.

The effect of the concentration of polymer in the sucrose
melt on the percentage content of the microfibers of a certain
thickness in the matrix was confirmed during the statistical
processing of the experimental data obtained by a single-factor
dispersion analysis (ANOVA) (Table 2).

Thus, at polymer concentrations of 0.02-2 g both in the thinnest
— 1-3 pm (F=2.7975; F>F_ =1.825767, p=0.002469271),
and in thicker PCL fibers of matrices — 3-9 pm (F=2.691;
F>F .., =1.65446; p=0.000442488), the specified pattern was
confirmed.

After analysis of the percentage of fibers in the polymer
scaffold, microbiological studies on its property to prolong the
antibiotic were performed. Initially, with the help of a control
microbiological test on the standard disks, it was determined
that the value of the diameter of the growth inhibition areas of
the test culture were for cefazolin (CZ 30 ug) —29.96+0.14 mm,
lincomycin (L 10 pg) —29.60+0. 17 mm.

Taking into account the results of the sensitivity of the test-
strain of S. aureus, the final doses of antibiotics for impregnation
into material samples were determined. Experimentally we’ve
determined that the sorption properties of matrix materials
are able to keep the volume of water that corresponds to their
weight (1:1, m/v). Samples of matrix materials were divided
into fragments weighing 15.0 mg, which in the surface area
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Table 1. Percentage of PCL microfibers’ content of a certain thickness in a fibrous matrix at different polymer concentrations.

Polymer concentration Microfiber thickness (um)
(@) 1 2 3 4 5 6 7 8 9
pm pm pm pm pm pm pm pm pm
0.02 46.53 34.65 16.83 _ _ _ _ _ _
0.04 61.54 25 13.46 _ _ _ _ _ _
0.06 42.74 33.33 23.93 _ _ _ _ _ _
0.08 42.74 29.06 15.38 5.98 6.84 _ _ _ _
0.10 26.55 9.73 15.93 15.93 7.08 10.62 7.96 6.19 _
0.12 16.82 17.76 14.02 14.95 15.89 8.41 5.61 6.54 _
0.14-0.18 29.23 18.46 16.15 6.15 4.62 4.62 4.62 3.85 6.15
0.20-0.22 12.62 11.65 14.56 9.71 8.74 7.77 10.68 6.80 5.83
0.24-0.26 18.27 23.08 21.15 9.62 9.62 6.73 5.77 5.77 _
0.28-0.30 12.24 16.33 17.35 10.20 12.24 13.27 8.16 10.20 _
0.32-0.36 26.26 25.25 18.18 9.09 8.08 6.06 7.07 _ _
0.38-0.48 51.06 30.85 11.70 6.38 _ _ _ _ _
0.50-0.54 67.01 15.46 10.31 7.22 _ _ _ _ _
0.56-0.80 45.53 32.52 13.82 8.13 _ _ _ _ _
0.82-1.16 24.35 25.22 15.65 14.78 13.04 6.96 _ _ _
1.18-1.28 14.02 15.89 13.08 13.08 13.08 12.15 9.35 9.35 _
1.30-1.36 11.01 10.09 13.76 16.51 12.84 11.01 11.93 12.84 _
1.38-1.46 _ _ 8.62 15.52 13.79 19.83 13.79 12.93 8.62
1.48-1.56 _ _ _ 11.57 19.01 20.66 16.53 14.05 8.26
1.58-1.68 _ _ _ _ 19.08 25.95 13.74 17.56 11.45
1.7-2.0 _ _ _ _ 7.96 19.90 13.43 14.93 9.95

Table 2. Single-factor dispersion analysis (ANOVA) of the exposure to the concentration of polymer in the melt on the percentage content.

Microfiber thickness Fisher’s criterion F P value F critical
PCL-1 pm 271.48 6.31249E-81 1.671357
PCL-2 pym 96.678 2.77647E-58 1.671357
PCL-3 um 57.634 2.11055E-47 1.671357
PCL-4 pm 74.609 8.89312E-53 1.671357
PCL-5 uym 58.749 8.50629E-48 1.671357
PCL-6 pm 28.242 2.34281E-33 1.671357
PCL-7 pm 14.251 1.43119E-21 1.671357
PCL-8 pym 23.21 8.99997E-30 1.671357
PCL-9 pm 28.203 2.48438E-33 1.671357

Table 3. The content of antibiotics in samples of matrix materials before and after the drying procedure (diameters of areas of growth retardation
of test culture S. aureus, mm).

Antibiotics Collagen Polycaprone

Before drying After drying Before drying After drying
Cefazolin 30 mcg 28.91+0.25 29.02+0.44 27.23+0.41 27.78+0.46
Lincomycin 10 mcg 29.64+0.43 29.29+0.47 30.11+0.54 27.31+0.75*

Note: * - p<0.05 when comparing the samples before and after drying.

corresponded to standard paper discs for antibiotic sensitivity
testing. Antibiotics (cefazolin and lincomycin) were pre-
diluted with a sterile isotonic solution to the required working
concentrations. Cefazolin was introduced at the final dose of
30 mcg at the sample, as a solution of 6 pl. Lincomycin was
introduced at the final dose of 10 mcg at the sample, as a
solution of 6 pl.

During the 1* day of the experiment, the content of antibiotics
in samples of matrix materials was examined immediately after
application of solutions and after drying of the samples for 60
minutes. Cefazolin activity procedure of drying of samples
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(both collagenous and polycaprone) was absolutely not affected
(Table 3).

Lincomycin activity in the drying process has not changed only
in the case of impregnation of the antibiotic into a collagenous
matrix. A slight decrease in the activity of lincomycin was
observed on the polycprolacton matrix after drying.

The assessment of preservation of antibiotics in matrix
material samples was performed during the 1%, 31, 5% 7% 14
18" and 21% day of the experiment. The obtained experimental
data indicate that both medicines used (both Cefazolin and
Lincomycin) in significant quantities were stored in both
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collagenous and polycaprolacton matrices throughout the
observation period. This is evidenced by the formation of
expressive, comparable in size areas of inhibition of growth of
test culture of Staphylococcus aureus.

The antimicrobial activity of impregnated cefazolin samples of
polycaprolacton matrix was kept at the initial level for 3 days, a
collagenous matrix — for 5 days. After 7 days of storage ata room
temperature the activity of impregnated cefazolin decreased at
9.0 % (p<0.05) on a collagenous matrix, on polycprolacton —
at 16.4 % (p<0.05). The decrease in the activity of cefazolin,
impregnated into the collagenous matrix, continued until the
14th day of observation (it reached 20.7 %, p<0.01), but at a
longer period of samples’ storage (during the 18" -21% days) has
already stopped. During the same time, a progressive decrease
in cefazolin activity impregnated into a polycaprolactone matrix
was observed. At the end of the observation period (after the 21+
day of storage), the diameter of the growth retardation of the test
culture decreased at 35.2 % (p<0.01).

Antimicrobial activity of matrices samples impregnated with
lincomycin decreased during their storage at a rapid pace.
During the 7% day of observation of the diameter of the growth
inhibition areas of test culture S. aureus, around the collagenous
matrix samples decreased at 21.4 %, polycaprolactone — at 39.8 %
(p<0.01). The progressive decrease in the activity of lincomycin,
impregnated into a collagenous matrix, continued until the end of
the observation period (the 21* day) and reached 37.6 % (p<0.01).

The impact of storage of matrix materials samples on
antimicrobial activity of antibiotics impregnated into them, was
confirmed during the statistical processing of the experimental
data obtained by single-factor dispersion analysis (ANOVA)
(Table 4). For all the studied samples of matrix materials,
reduction of the activity of impregnated antibiotics during
storage for 3 weeks was statistically reliable.

Table 4. Single-factor dispersion analysis (ANOVA) of the influence of
storage of matrix materials samples on the antimicrobial activity of the
impregnated antibiotics.

Fisher’s

Studied samples o . P value F critical
criterion F

Collagen + Cefazolin  26.57417 0.000239 4.747225

Polycapron + Cefazolin 18.75035 0.000978 4.747225

Collagen + Lincomycin 19.66946 0.000814 4.747225

Policaprone 12.81067  0.003788  4.747225

Lincomycin

Thus, it can be concluded that antibiotics impregnated into
a collagenous matrix are stored slightly better than when
impregnated into polycaprolactone, which is associated with
a smaller pore diameter in collagen and, accordingly, a better
pronounced capillary effect. However, the concentration of the
antibiotic that was maintained on a polycaprolactone matrix
is sufficient for a pronounced antimicrobial effect at the initial
stages of tissue regeneration.

The results of the morphological evaluation of tissues and
capillaries around and inside of the polymeric fibrous non-
woven matrix in its subcutaneous implantation indicated a
certain nature of the regeneration of vessels and connective
tissue (Tables 5-8).
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The pathomorphological examination of the soft tissues of
implants’ areas of the 1-month period determined that the inter-
fibrous spaces were filled with connective tissue in the central,
paracentral, and peripheral areas. Collagenous fibers were
tightly arranged, merging into a continuous mass; between them
the main substance of the connective tissue was traced. In the
connective inter -fibrous tissue of the central and paracentral
areas, the number of full-blooded, mainly of small caliber
vessels with an average cross-sectional area (1321.23+24.82)
um? and (739.56+21.86) um? (p<0.05), has increased, that is
larger than the peripheral area and wall thickness — (2.65+0.07)
pm and (3.09+0.05) um (p<0.05), but less than in the peripheral
area (Figures 4 and 5).

Figure 4. The I° month of the experiment, paracentral area of
implanted matrix. Staining: hematoxylin and eosin. Magnification:
ocular lens 10, field lens 10. 1 — groups of fibers of the polymer matrix,
2 — perifibrous circular location of connective tissue fibers, 3 — mature
connective tissue of interfibrous space.

Figure 5. The I month of the experiment, the peripheral zone of the
matrix. Staining: according to Mason. Magnification: ocular lens
10, field lens 10. 1 — giant cell reaction in the peripheral zones of the
implant, 2 — plethoricalvessels of interfibrous connective tissue.
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Table 5. Indices of the area of connective tissue matrix per one vessel at all terms of subcutaneous implantation of a scaffold.

Peripheral area of the implant

Implantation terms
P ()

1 month 49345.18+485.63*
2 months 79913.72+475.06*
3 months 90988.20+538.68*

Paracentral area of the implant

Central area of the implant (um?
(nm?) P (um?)

37698.96 +454.65* 24797.47+480.28*
58769.85+359.14* 53247.584+506.26*
84875.36+535.57* 85014.29 +568.40*

Note: *~ p<0.05 when comparing the indices with each previous area and with the control.

Table 6. Indices of cross-sectional area of vessels at all terms of subcutaneous scaffold implantation.

Peripheral area of the implant

Implantation terms
P (pm?)

1 month 697.61+21.79*
2 months 2458.87+65.10*
3 months 3480.68 +31.18

Paracentral area of the implant
(um?)

739.56+21.86

2552.04+50.85

4524.9+41.39*

Central area of the implant (um?)

1321.23424.82*
3268.46+57.24*
6040.34+59.48%*

Note: *~ p<0.05 when comparing the indices with each previous area and with the control.

Table 7. Indices of the average thickness of the vascular walls at all terms of subutaneous scaffold implantation.

Tmplantation terms Peripheral area of the implant

(pm?)
1 month 3.2+0.05%*
2 months 6.87+0.06*
3 months 13.5+0.08

Paracentral area of the implant Central area of the implant (um?)

(um?)

3.09+0.05 2.65+0.07*
5.73+0.05* 4.95+0.08*
7.0+0.05* 6.28 +0.05*

Note: *~p<0.05 when comparing the indices with each previous area and with the control.

Table 8. Indices of thickness of collagenous fibers at all terms of subcutaneous scaffold implantation.

Implantation terms Peripheral area of the implant

(pm?)
1 month 56.18+0.40
2 months 83.72+0.61
3 months 156.28+0.67

Note: *~ p<0.05 when comparing the indices with each previous area.

During the 2% term, the structure of connective tissue was
slightly different from the previous period of the experiment
in the peripheral, paracentral, and central areas of implants.
Instead, there was an increase in the number of thin-walled
vessels, mostly of small caliber of the capillary type, which have
sprouted from the periphery, as evidenced by the increase of the
area of cross-section of the peripheral up to (2458.87+65.10)
um?, paracentral up to (2552.04+50.85) um? central up to
(3268.46+57.24) pm? (p<0.05), and the reduction of the thickness
of the vascular walls from peripheral (6.87+0.06) um to the central
(4.95+0.08) um (p<0.05). This is confirmed by a proportional
reduction in the area of the tissue in one vascular section, compared
to the previous period of the experiment (Figure 6).

During the 3 month of the experiment, an increase in the
cross-sectional area of the vessels from the periphery to the
center (from 3480.68+31.18 um? up to 6040.34+59.48 pm?,
p<0.05) was determined. In the investigated areas of the matrix,
the connective tissue is represented mainly by heterogeneous
connective tissue fibers, which in some areas are located more
loosely with a mostly tortuous course of fibers, and in others — more
compact. Also, the area of the connective tissue matrix in the cross
section of the vessel (Figure 7) has also proportionally increased.

The results of morphological study showed a high correlation
between the area of the connective tissue matrix per vessel,
the cross-sectional area of the vessels, the average thickness of
the vascular walls and the thickness of the collagenous fibers
around the matrix fibers (Table 9).
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Paracentral area of the implant Central area of the implant (um?)

(pm?)

42.55+0.64* 20.41+0.53*
78.24+0.77* 73.49+0.61%
106.72+1.56* 80.24+0.63*

Table 9. The degree of correlation between components of the fibers

and scaffold.

ﬁ;s; :::s(: Matrix The term of experiment

indices areas 1 month 2 months 3 months
Areafor 1  Peripheral r=-0.974 r=-0.874 =-0.966
vessel Paracentral r=-0.874 r=-0.927 r=-0.942
Vascular

area Central r=-0.901 r=-0.899 r=-0.855
Areafor 1  Peripheral |r=0.929 r=0.926 r=0.916
vessel Paracentral r=0.934 r=0.958 r=0.940
Vessel wall

thickness Central r=0.968 r=0.973 r=0.968
Vascular Peripheral |r=-0.943 r=-0.971 r=-0.929
area Paracentral |r=-0.910 r=-0.855 r=-0.871
Vessel wall

thickness Central r=-0.962 r=-0.955 r=-0.892
Areafor 1  Peripheral r=0.942 r=0.940 r=0.908
vessel Paracentral r=0.968 =0.941 = 0.956
Capsule

thickness Central r=0.953 r=0.786 r=0.936
Vascular Peripheral  |r=-0.983 r=-0.767 r=-0.902
area Capsule Paracentral r=-0.841 r=-0.893 r=-0.964
thickness  Central r=-0.959 =-0.897 r=-0.664

On the basis of the studies performed, it was found that the
growth and formation of collagenous fiber occurred through the
entire thickness of the fibrous polymer matrix in three mutually
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Figure 6. The 2" month of the experiment, the peripheral area of
implanted matrix. Staining: according to Van Gieson. Magnification:
ocular lens 10, field lens 20. 1 — sections of groups of polymer fibers,
2 — connective tissue fibers, 3 — vessels of the microcirculatory bed.

Figure 7. The 3 month of the experiment, the paracentral area of
the implanted matrix. Staining: hematoxylin and eosin. Magnification:
ocular lens 10, field lens 40. 1 — the areas of the elements of a non-
woven polymer matrix location, 2 — compactly located circular-
oriented connective tissue fibers forming a capsule around groups of
implant fibers, 3 — fibroblasts and vessels of connective tissue.

perpendicular directions. This was confirmed by the fact that
in all terms and zones the same type of circular organization
of fibers with their compact arrangement was observed. The
analysis of the thickness of the connective tissue capsule showed
a clear dependence on the implantation period and the implant
area. Thus, the decrease in the thickness of collagenous fibers
from the periphery to the center within a separate term indicated
that at the time interval the fibers of peripheral departments
began to be organized rather than those of paracentral and
central ones. The opposite was observed when comparing the
terms within a separate zone, in the direction of increase from
the smallest to the largest period, having indicated the extension
of the course of biosynthetic processes within a separate implant
sector, which was indicated by the presence of fibroblasts in
almost all areas.
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On the basis of the performed analysis of the dynamics
of changes in the vascular indices, it can be concluded that
there is a uniform regular-proportional development of the
microcirculatory bed inside the fibrous matrix. The conclusion
is confirmed by a number of indices, namely, a proportional
decrease in the thickness of the vascular walls at all terms and
areas of study with an increase in the area of their cross-section
from the periphery to the center, which indicates the branching
of the capillary net from larger vessels on the periphery and to
the smaller ones in the centre. On the other hand, this peculiarity
of the structure also indicates active hemodynamics in the
center of the fibrous matrix, which may be associated with
active biosynthetic processes in paracentral and central areas.
This type of structure is also explained by the beginning of the
hydrolysis of the material as a compensatory mechanism aimed
at active removal of hydrolysis products from tissues to ensure
biological equilibrium between synthesis and destruction.
Reduction of the indices of the area of connective tissue area
by one cross section of the vessel indicated the proportionally
increasing number of vessels from the periphery to the center.
In our opinion, these facts confirm the frame function of the
polymer matrix synthesized by us. That is, a group of polymer
fibers creates a kind of underlayment for it.

Conclusion.

Therefore, the matrix materials developed by us are not only
a frame for tissue regeneration, but also a means of disposable
local delivery of the medicine into the tissues in the area of
damage. Considering the reasons provided, one can predict
their highest efficacy in terms of prevention of postoperative
infectious complications. This is especially true in surgical
practice, since even the strict adherence to the rules of aseptics
cannot protect against the ingress of single microbial cells
from the surface into the area of surgery. Immediate contact of
microbial cells with an elute antibiotic into implanted matrix,
causes their rapid death and excludes the realization of their
invasive potential. Pathogenic and opportunistic pathogenic
microflora is represented mainly by streptococci, staphylococci
and actinomycetes, which are mostly characterized by high
sensitivity to cephalosporins in lincosamides (which led to the
choice of antimicrobials for this development).
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PE3IOME

MHUKPOCTPYKTYPA BUOIIOJIMMEPHOI'O
MHUKPOBOJIOKHUCTOI'O CKA®OJIJA U EE
BJIUAHUE HA CIIOCOBHOCTb VYJIEPXKHUBATDH
JEKAPCTBA U PETEHPAIIUIO TKAHHU

IHantyc A.B, Poxxo H.M, Iammituyk B.A, Kopaabuyk
H.E, Measnux H.C.

Npano-dpankoBckuii HaIlMOHAJBLHEIN
yHuBepcureT, IBaHO-DpaHKUBCK, YKpanHa

MEIUITUHCKUI
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Heas muccienoBaHuss — H3YYUTh  MHUKPOCTPYKTYDY,
AHTUOMOTHK-COPOUPYIONIYI0O W  KapKacHyl0 CIOCOOHOCTh
CO3/IaHHBIX HaMH BOJOKHHUCTBIX HeTKaHbIXx PCL MaTpukcoB
MpeIHa3HAYCHHBIX JJIS pereHepaIiy TKaHeH U KaluJuIIpOB.

MaTtepuansl U MeToAbl: B paboTe ncroiap30BaHbl 00pa3mbl
MHUKPOBOJIOKHUCTBIX HETKAHBIX MAaTPHKCOB H3TOTOBJICHHBIX
o pa3paboTaHHON HaMU TEXHOJIOTUH M3 IOJIMKAIPOJIAKTOHA
PCL (narent Ha uzobperenue Ykpaunbl Ne 119958). Ouenky
COXpaHEHHA AaHTHUOMOTHKOB B  00pa3max  MaTPUKCHBIX
MaTepHualioB BBIMIOIHIIN Ha 1-#, 3-#, 5-#1, 7-#, 14-i1, 18-tiu 21-i
JICHb SKCIIEpUMEHTa. DKCIIEPHUMEHTAIbHAs YaCTh UCCIIETOBaHUN
npoxoania Ha 30 1a00paTOPHBIX JKUBOTHBIX (KPOJIHMKAX).

PesyabTaThl: Ha ocHOBE IpOBeIeHHBIX MHUKPOCKOIUYECKUX
HCCIICIOBAaHUA  IONYYCHHBIX  HAMH  OHMOIOJIMMEPHBIX
MHKPOBOJIOKHHCTBIX MAaTPHUKCOB YCTaHOBJIEHA 3aBHCHMOCTH
MEXJly YBEIMYEHHEM KOHIICHTPALMU TOJHMEpa B pacIulaBe
caxapo3bl M yBEIHUYEHHEM IIPOLIEHTHOTO cojepxaHus Ooiee
TOJICTBIX ~MHKPOBOJIOKOH. MHUKPOOHONIOTHYECKUH — aHATU3
AHTUOUOTHK-COPOUpYIOIIEH CIOCOOHOCTH MOJTy9EeHHBIX
MHUKPOBOJIOKHUCTBIX OHMOMOJIMMEPHBIX HETKAaHBIX MAaTPHKCOB
YCTaHOBMJI, YTO UMIIPETHUPOBAHHBIN B OJIMMEPHbBIC MATPUKCHI
JIMHKOMHIMH XapaKTepU3yeTcs MeHbIIeH CTaOMIbHOCTHIO
B TIpoliecce XxpaHeHus, ueM 1edazonuH. KoHieHTpanun
AQHTUOMOTHKOB HMMITPETHUPOBAHHBIX HCCIETYEMBIX O00pa3lioB
MaTPUKCHBIX MaTEpHaNOB Ha YPOBHE KOHTPOJBHBIX 3HAYCHHUN
AKTUBHO COXpaHAIUCh B TeueHue 5 nHel. IIpoBeneHHbIN
naToMOpGhOJOTHYSCKU aHanM3 MSITKAX TKaHed Ha BCeX
TepMHHAX CyOKyTaHHOW MMIUIAHTAllMM B JKCIEPUMEHTE
MO3BOJIMJI  YCTAaHOBUTHh  (DaKT pereHepalud TKaHed u
MHUKPOIUPKYIATOPHOTO PYCIIa Yepe3 BCIO TOJIIY BOJIOKHUCTOTO
MaTpuKca. ITO HOATBEP)KJAIOCH JOCTOBEPHBIM YMCHBIICHHEM
IUIOIIATM COEAMHUTEIFHOTKAHHOTO MaTpUKCa Ha OJUH COCY.
ot (49345,18+485,63) mxm> 1o (24797,47+480,28) Mrm?,
YBEJIMYEHUEM IUIOIAAN ITONEPEYHOr0 CEUEHHsS COCYJIOB OT
(697,61+21,79) mxm? (1321,23+24,82) MKM? U yMEHBIIEHHEM
TOJIIMHBI CTEHOK cocynoB oT (3,2+0,05) mxm mo (2,65+0,07)
MKM (p<0,01) ot nepudepuu k HeHTPY Kapkaca.

BoiBoabl: VYkazaHuble (axkTbl, IO HalleMy MHEHHIO,
MTOJTBEPKAAIOT KAPKAaCHYI0 (PYHKIHMIO CHHTE3MPOBAHHOTO
HaMH ITOJIMMEPHOTO MaTPUKCA, SIBJISIONIETOCS TAaKXKe CPEICTBOM
OZHOPA30BOM JIOKAJIbHOU TOCTABKU IIpenapara B TKaHU B 30HE
TTOBPEXKICHHUS.

KiroueBble cj10Ba: MHKPOBOJOKHHUCTBIM OHOMOIMMEPHBII
MaTPUKC, THUCTOJOTMYECKHH aHanmM3, IOJIMKAIPOJIAKTOH,
HMIpErHanus aHTHUOMOTHKAMH, COEIWHUTENbHas TKaHb,
KalUIspHAs CETh.
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