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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
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

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-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
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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Abstract.

Aim of the study: To compare tissue responses to
xenoperitoneum-derived extracellular matrix (ECM), UltraPro
mesh, and preserved dura mater in a rat model of implant-
associated Escherichia coli infection.

Methods: Abdominal wall repair was performed in 42
rats using ECM, UltraPro mesh, or preserved dura mater
with intraoperative E. coli contamination. Histological and
morphometric evaluations were conducted on postoperative
days 10 and 20, assessing inflammation, abscess formation,
necrosis, neovascularization, and tissue integration.

Results: On day 10, all groups demonstrated acute
inflammation. Abscess and necrosis were significantly lower
with UltraPro than with ECM and preserved dura mater
(p<0.05). By day 20, UltraPro maintained minimal tissue
damage and showed the highest neovascularization and tissue
integration, while preserved dura mater exhibited persistent
inflammation. ECM demonstrated reduced necrosis and signs
of tissue remodeling at later stages.

Conclusion: UltraPro mesh provides superior early resistance
to infection-related tissue damage, whereas potential advantages
of ECM appear context-dependent and are more evident at later
stages.

Key words. Xenoperitoneum-derived extracellular matrix,
UltraPro mesh, dura mater, Escherichia coli, implant-associated
infection, tissue response, angiogenesis, abdominal wall
reconstruction.

Introduction.

Reconstruction of anterior abdominal wall defects is among the
most commonly performed procedures in abdominal surgery.
Despite the widespread use of synthetic mesh implants, which
have significantly reduced hernia recurrence rates, the success
of abdominal wall repair largely depends on the condition of
the surgical field and the severity of the local inflammatory
response [1-3]. Even minimal bacterial contamination may
impair implant integration, intensify acute inflammation, and
lead to mesh-related complications [1,4].

Gram-negative microorganisms, particularly Escherichia
coli, are of major clinical relevance, as they represent one
of the most frequent causative agents of early postoperative
infections following abdominal surgery [4]. Implant-associated
E. coli infection is characterized by a pronounced neutrophilic
response, endotoxin-mediated tissue injury, and destabilization
of the extracellular matrix [5,6]. These factors create
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unfavorable conditions for tissue remodeling and increase the
risk of reconstructive failure.

The ability of E. coli to form stable biofilms on the surface
of various implant materials is a key determinant of its
pathogenicity. Bacterial adhesion and subsequent biofilm
formation significantly reduce the effectiveness of antibacterial
therapy and promote chronic inflammation in the peri-implant
zone [2,7]. As a result, the risk of abscess formation, fistula
development, and implant explantation increases. Therefore, the
selection of implant material for hernia repair in the context of
potential gram-negative contamination is of critical importance.
Recent experimental studies conducted in Kazakhstan have
highlighted the relevance of interactions between biomaterials
and microorganisms, demonstrating antibacterial and antifungal
activity of novel biocomposite materials and underscoring
the importance of material properties in infected surgical
environments [6].

The development ofbiological implants based on decellularized
extracellular matrix (ECM) has substantially expanded
the possibilities of reconstructive surgery. Owing to the
preserved collagen architecture and biologically active stromal
components, these materials provide a more physiological
pattern of integration, induce a less pronounced foreign-body
reaction, and promote neovascularization [8]. Experimental
studies have demonstrated that biological scaffolds can elicit
a regulated immune response and support tissue remodeling
even under contaminated conditions [9]. However, data on the
morphological interaction between ECM-based materials and
host tissues in the setting of E. coli infection remain limited.

In the Republic of Kazakhstan, a novel biological implant
based on xenoperitoneum-derived extracellular matrix has
been developed. Its manufacturing technology, structural and
biomechanical properties, as well as experimental outcomes
under aseptic conditions, have been reported in several studies,
including a national patent and a doctoral dissertation [10-17].
Nevertheless, the impact of gram-negative contamination on
the morphological integration of this material has not been
previously described, highlighting the relevance of studies
aimed at evaluating tissue responses to different implant
materials under E. coli infection.

The aim of this study was to perform a comparative
histological and morphometric assessment of inflammatory
response, angiogenesis, and early tissue remodeling around
xenoperitoneum-derived  extracellular ~ matrix, synthetic
UltraPro mesh, and preserved dura mater in an experimental E.
coli infection model.
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Materials and Methods.
Study design:

A controlled experimental study was conducted to evaluate
morphological changes in the implantation zone of different
materials following targeted E. coli contamination. The study
was performed in accordance with the ARRIVE guidelines and
the ICMJE recommendations regarding reproducibility and
transparency of experimental data.

Randomization and blinding:

Animals were randomly allocated to experimental groups using
a random number generator prior to surgery. Histological and
morphometric evaluations were performed by an investigator
blinded to group allocation to minimize observer bias and
ensure objectivity of the assessment.

Experimental Animals and Housing Conditions:

The study included 42 adult outbred white rats of both sexes,
weighing 180-220 g. Animals were housed in the vivarium
of Karaganda Medical University under standard conditions,
including controlled temperature, free access to food and water,
and a fixed light-dark cycle. Animals were selected based on
clinical well-being, absence of external signs of disease, and
body weight compliance (£10%). Each animal was assigned an
individual identification number. Housing conditions complied
with the Guide for the Care and Use of Laboratory Animals
(NIH, 2011). General health status was monitored daily.

Experimental Groups:

The contaminated experimental model included 36 rats
distributed according to three types of implanted materials and
two observation periods—postoperative days 10 and 20. Each
subgroup consisted of six animals.

The following experimental groups were formed:

* Xenoperitoneum-derived extracellular matrix (ECM):

—E. coli,day 10:n=06

—E. coli,day 20:n=06

¢ UltraPro mesh (Ethicon, USA):

—E. coli,day 10:n=06

—E. coli,day 20:n=06

* Preserved dura mater:

—E. coli,day 10:n=06

—E. coli,day 20:n=06

The bacterial contamination was performed using a clinically
relevant E. coli strain isolated from a postoperative surgical site
infection. The strain belongs to the Enterobacteriaceae family
and represents a Gram-negative, facultative anaerobic bacillus.
It is characterized by high adhesive capacity, the ability to form
stable biofilms on implant surfaces, and pronounced endotoxin-
mediated pathogenicity associated with lipopolysaccharide
(LPS) expression. These properties make this strain suitable for
modeling implant-associated infections and early postoperative
inflammatory complications.

UltraPro mesh is a partially absorbable composite surgical
implant  consisting of non-absorbable polypropylene
monofilaments combined with absorbable polyglycolide fibers.
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This lightweight mesh design is intended to reduce foreign-body
reaction while maintaining sufficient mechanical strength and is
widely used in clinical hernia repair, including in potentially
contaminated surgical fields.

Non-infected control group:

A non-infected control group (total n = 6) underwent the same
surgical procedure with implantation of the corresponding
material without bacterial inoculation. To ensure equal
handling, animals received 0.5 mL of sterile 0.9% sodium
chloride solution applied to the implant surface and surrounding
tissues (sterile vehicle control). The control group included n
= 2 animals per material (ECM, UltraPro, and preserved dura
mater).

This group was used for qualitative assessment of baseline
foreign-body tissue response under aseptic conditions and for
validation of the model. Quantitative morphometric comparisons
and statistical testing were pre-specified for contaminated groups
only, which constituted the primary objective of the study.

Implant Materials:

The following materials were used:

1. Xenoperitoneum-derived extracellular matrix
(ECM) — a biological implant obtained through a multistep
detergent—enzymatic decellularization process followed by
gamma irradiation sterilization;

2. UltraPro mesh (Ethicon) — a polypropylene—
polyglycolide composite mesh commonly used in hernia
surgery;

3. Preserved dura mater — a biological material

applied in reconstructive procedures.
All implant samples were standardized to a size of 1 X 1 cm.

Bacterial Agent:

To model an infected surgical field, a clinical strain of E. coli at
a concentration of 10° CFU/mL was used. Prior to application,
the strain was verified using standard microbiological methods.
Contamination was performed intraoperatively by evenly
distributing 0.5 mL of the bacterial suspension over the implant
surface and surrounding tissues. Animals in the control group
received an equivalent volume of sterile physiological saline.

Surgical Procedure:

All procedures were performed under inhalation ether
anesthesia. A midline incision approximately 2 c¢cm in length
was made on the anterior abdominal wall. A standardized
aponeurotic defect measuring 1 x 1 cm was created, and one
of the investigated implants was fixed using interrupted PDS
5/0 sutures. Muscle layers and skin were closed in layers.
Postoperative care included daily clinical observation and
assessment of general condition. Animals were euthanized on
postoperative days 10 and 20.

Histological Sample Collection:

After euthanasia, a tissue block including the implant, adjacent
muscle and connective tissue, and areas of granulation tissue
was excised. The resection margin was at least 5 mm from the
implant edge. Specimens were fixed in 4% neutral buffered
formalin, processed using standard histological techniques,



embedded in paraffin, sectioned at 5 pum, and stained with
hematoxylin and eosin.

Morphological and Morphometric Evaluation.

Qualitative Assessment:

The analysis included evaluation of the inflammatory
infiltrate pattern, predominant cell populations, presence of
microabscesses and necrosis, degree of granulation tissue
maturation, signs of fibrotic remodeling, and involvement of
multinucleated giant cells.

Cellular Morphometry:

Cell counting was performed at x400 magnification in the
implant—tissue interface zone, avoiding areas containing
suture material. At least 300 cells per specimen were analyzed,
including granulocytes, lymphocytes, macrophages, plasma
cells, and fibroblasts/fibrocytes.

Connective Tissue Maturation:

A semi-quantitative scale (0-3 points) was used to assess the
degree of fibrotic remodeling:

0 — absence of mature connective tissue;

1 — focal collagen fiber formation;

2 — pronounced areas of connective tissue formation;
3 — diffuse mature fibrosis.

Scoring Parameters:

Mean scores (X + SD) were calculated for the following
parameters:
abscess formation (0—4 points);
necrosis (0-3 points);
depth of inflammation (0—4 points);
neovascularization (0—4 points);
cellular infiltration and tissue integration (0—4 points).
Detailed scoring criteria are provided in the Results section.

Statistical Analysis:

Data processing was performed using IBM SPSS Statistics
26.0 and Microsoft Excel 2019. Given the small sample size
and ordinal nature of several variables, nonparametric statistical
methods were applied. Comparisons among three materials at
the same time point were conducted using the Kruskal-Wallis
test (H, df, p). Comparisons between independent groups
at postoperative days 10 and 20 were performed using the
Mann—Whitney U test (U, p). Data are presented as mean =+
SD for clarity, while statistical evaluation was conducted using
nonparametric tests. Differences were considered statistically
significant at p < 0.05.

Ethical Approval:

The experimental protocol was approved by the Local Ethics
Committee of Karaganda Medical University (Protocol No. 3,
dated 27 February 2024). All procedures complied with the
European Convention for the Protection of Vertebrate Animals
(ETS No. 123), the Guide for the Care and Use of Laboratory
Animals (NIH, 2011), and the regulatory requirements of the
Republic of Kazakhstan.

Results.

In the non-infected control animals, implantation of all
materials resulted in a mild foreign-body tissue reaction without
abscess formation or necrosis, supporting the adequacy of the
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aseptic surgical model. Therefore, the pronounced abscess
formation and necrotic changes observed in the experimental
groups should be interpreted as being primarily driven by
bacterial contamination rather than implantation alone.

Cellular Composition of the Inflammatory Infiltrate:

Quantitative assessment of the cellular inflammatory infiltrate
on postoperative days 10 and 20 following implantation and
targeted E. coli contamination is presented in Table 1.

Day 10. In all study groups, a pronounced inflammatory
response was observed, characterized by a predominance of
granulocytes and lymphocytes. In the ECM group, the number
of granulocytes and lymphocytes was 177.7 + 7.8 and 55.3 =
9.1, respectively. In the UltraPro group, these values were 172.2
+ 12.8 and 47.8 + 4.4, while in the preserved dura mater group
they reached 194.0 + 25.8 and 47.3 £+ 9.4, respectively.

The macrophage response was most pronounced in the
UltraPro group (40.2 + 12.4), whereas lower values were
recorded in the ECM and dura mater groups (28.7 + 2.6 and
21.3 £ 12.6, respectively). The number of fibroblasts/fibrocytes
on day 10 remained low in all groups: 15.7 + 4.0 in the ECM
group, 32.2 + 10.5 in the UltraPro group, and 20.7 + 6.4 in the
dura mater group.

Morphologically, the ECM group demonstrated the
formation of granulation tissue with areas of granulocytic
and lymphomacrophage infiltration, as well as localized
microabscesses and small necrotic foci (Figure 1).

In the UltraPro group, focal lymphocytic infiltration and an
attenuating perivascular granulocytic reaction were observed.
Small and medium-sized abscesses were identified around the
mesh elements (Figure 2).

In the dura mater group, diffuse leukocytic infiltration with the
presence of microabscesses around the implant was observed
(Figure 3).

Day 20: By day 20, a divergent inflammatory response was
observed among the study groups. The ECM and UltraPro
groups demonstrated a significant decrease in the number of
granulocytes compared with postoperative day 10, to 146.0 =
16.7 and 106.2 + 6.0, respectively (p < 0.05). Concurrently,
an increase in lymphocyte counts was noted in these groups,
reaching 85.8 + 9.9 in the ECM group and 80.2 + 11.7 in the
UltraPro group (p < 0.05 compared with day 10), indicating a
shift toward a more chronic inflammatory phase.

In contrast, no significant changes were observed in the dura
mater group compared with day 10, with granulocyte and
lymphocyte counts of 192.8 +31.0 and 43.0 £ 11.3, respectively
(» > 0.05). Morphologically, the ECM group exhibited the
formation of loose connective tissue; however, pronounced
granulocytic and lymphomacrophage infiltration persisted
(Figure 4).

In the UltraPro group, more mature connective tissue was
formed, accompanied by scattered lymphohistiocytic infiltration
and a persistent perivascular inflammatory reaction (Figure 5).

In the dura mater group, microabscesses and focal lymphocytic
infiltration persisted (Figure 6).

Abscesses and necrosis: The assessment of abscess formation
and necrotic changes in the implantation zone is presented in
Table 2.
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Figure 1. ECM, E. coli, day 10. Fragments of the implant with granulocytic and lymphomacrophage infiltration and areas of forming connective
tissue. Well-demarcated necrotic foci and microabscesses. Hematoxylin and eosin staining, x100.

Figure 2. UltraPro mesh, E. coli, day 10. Areas of forming connective tissue around the mesh elements; small to medium-sized abscesses within
the implantation zone. Hematoxylin and eosin staining, *100.

Figure 3. Preserved dura mater, E. coli, day 10. Dura mater (black arrow) with adjacent connective tissue (black asterisk) showing diffuse
leukocytic infiltration. Hematoxylin and eosin staining, %200.
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Figure 4. ECM, E. coli, day 20. Fragments of connective tissue with granulocytic and lymphomacrophage infiltration. Hematoxylin and eosin
staining, x100.

Figure 5. UltraPro mesh, E. coli, day 20. Mature connective tissue formed around the mesh filaments with scattered lymphohistiocytic infiltration
and persistent perivascular infiltration by polymorphonuclear leukocytes. Hematoxylin and eosin staining, %100.

Figure 6. Dura mater, E. coli, day 20. Fragment of the implant with microabscesses. Hematoxylin and eosin staining, %200.

Figure 7. Preserved dura mater, E. coli, day 10. Fragment of the implant demonstrating material degradation with abscess formation and necrotic
changes. White arrow indicates areas of abscess formation; white triangle denotes necrotic tissue. Hematoxylin and eosin staining, x100.
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of fibroblasts and fibrocytes within the cellular infiltrate and persistent perivascular infiltration by polymorphonuclear leukocytes. Hematoxylin
and eosin staining, *100.

Table 1. Quantitative assessment of the cellular infiltrate in the implantation zone after E. coli contamination, mean + SD.

Cellular infiltrate ECM UltraPro Preserved dura mater

10 days 20 days 10 days 20 days 10 days 20 days
Granulocytes 177.7+7.8 146+16.7 172.2+12.8 106.2+6.0 194425.8 192.8+31
Lymphocytes 55.349.1 85.849.9 47.8+4.4 80.2+11.7 473494 43.0+11.3
Plasma cells 22.74+4.1 21.2+7.8 7.743.3 13.843.6 16.7£5.3 14.0+£5.9
Macrophages 28.7+2.6 20.2+12.5 40.2+12.4 43.249.9 21.3£12.6 21.3£10.2
Fibroblasts / fibrocytes 15.7+4.0 26.8+8.8 32.2+10.5 56.7+9.2 20.7+6.4 25.5+15.8

Table 2. Abscess formation and necrotic changes in the implantation zone of the studied materials after E. coli contamination, X = SD.

Parameter ECM UltraPro Preserved dura mater

10 days 20 days 10 days 20 days 10 days 20 days
Abscesses * 2.14£0.6 1.1£0.5 0.6+0.4 0.1+0.5 2.6£0.5 1.2+£0.5
Necrosis** 1.3+0.6 0.7+0.5 0.5+0.5 0.1+£0.4 1.6£0.5 0.5+0.5
Notes:

* — Histological abscess scoring scale: 0 - no abscesses; 0,5 - one small abscess; 1- several small abscesses; 2 - one medium-sized abscess; 3 - one
or several medium-sized abscesses; 4 - one very large or multiple large abscesses;

** _ Histological necrosis scoring scale: 0 - no necrosis; 1 - total necrotic area < 1/3 of tissue area, 2 - necrotic area between 1/3 and 2/3 of tissue
area; 3 - necrotic area > 2/3 of tissue area.

Table 3. Depth of inflammation, neovascularization, cellular infiltration and tissue integration following E. coli contamination, mean + SD.

Inflammatory parameters ECM UltraPro Preserved dura mater
yP 10 days 20 days 10 days 20 days 10 days 20 days

Depth offinflammatory ¢, 5 0.940.5 1.5£0.5 0.6£0.5 2.140.5 1.9£0.5

response

Neovascularization ** 0.9+0.4 1.4+0.5 1.7+0.5 2.8+0.4 0.8+0.5 1.3+0.6

Cellular iniltration and 5 4 1.520.5 1.5:0.4 3.4+0.5 0.5+0.5 1.4+0.5

tissue integration

Notes:

* — Depth of inflammatory response scoring scale: absence of inflammatory cells— 0, inflammatory cells present within one third of the tissue
matrix — 1, inflammatory cells present within two thirds of the tissue matrix — 2, inflammatory cells present throughout the entire thickness of the
tissue matrix — 3, pronounced diffuse inflammatory infiltration— 4;

** — Neovascularization scoring scale: absence of capillaries — 0, rare capillaries — 1, few capillaries (<5 capillaries per high-power field, HPF) — 2,
moderate number of capillaries (5-10 capillaries per HPF) — 3, abundant capillary formation (granulation tissue) — 4;

**% _ Cellular infiltration and tissue integration scoring scale: absence of fibroblast nuclei or cellular infiltration — 0; fibroblast nuclei or cellular
infiltration present within one third of the implant or matrix — 1; within two thirds — 2; throughout the entire thickness — 3; pronounced or diffuse
tissue integration / matrix remodeling — 4.
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Day 10. Abscess formation was most pronounced in the
xenoperitoneum extracellular matrix and dura mater groups,
with mean scores of 2.1 £0.6 and 2.6 + 0.5, respectively, whereas
significantly lower values were observed in the UltraPro group
(0.6 £0.4) (p <0.05).

Necrotic changes were also more prominent in biologically
derived implants, with scores of 1.3 + 0.6 for the xenoperitoneum
extracellular matrix and 1.6 + 0.5 for the dura mater, compared
with 0.5 £ 0.5 in the UltraPro group. These findings were
supported by morphological observations revealing extensive
areas of tissue destruction in the biological materials and more
limited changes in the UltraPro group (Figures 7 and 8).

Day 20: In the ECM and preserved dura mater groups, a
statistically significant reduction in necrosis scores was observed
compared with postoperative day 10: from 1.3 £0.6t0 0.7 £ 0.5
in the ECM group (p <0.05) and from 1.6 £0.5 to 0.5+ 0.5 in the
dura mater group (p < 0.05). Abscess scores also decreased in
these groups (ECM: 2.1 £ 0.6 to 1.1 + 0.5; dura mater: 2.6 + 0.5
to 1.2 £ 0.5). In the UltraPro group, both abscess and necrosis
scores remained low across the observation period (abscesses:
0.6 £0.4t0 0.1 £ 0.5; necrosis: 0.5+0.5t0 0.1 £0.4).

Depth of inflammation, neovascularization,
infiltration and tissue integration.

cellular

In the present study, this parameter reflects biologically distinct
processes depending on implant type: cellular infiltration and
tissue integration for synthetic meshes, and matrix remodeling
with gradual replacement by host tissue for biological
extracellular matrix implants.

The results of the semi-quantitative assessment are presented
in Table 3.

Day 10: The depth of the inflammatory response was more
pronounced in the ECM and preserved dura mater groups (1.8
+ 0.5 and 2.1 £ 0.5, respectively), whereas a lower score was
observed in the UltraPro group (1.5 + 0.5). At this time point,
the neovascular response was markedly higher in the UltraPro
group (1.7 + 0.5) compared with the biological materials (0.9
+ 0.4 for ECM and 0.8 + 0.5 for PDM). Cellular infiltration
and tissue integration at day 10 remained minimal in all groups,
particularly in the biological implants (0.5 = 0.4 for ECM and
0.5 = 0.5 for PDM), whereas UltraPro demonstrated more
pronounced cellular repopulation (1.5 + 0.4).

Day 20: Both the ECM and UltraPro groups demonstrated a
significant reduction in the depth of the inflammatory response
to 0.9 + 0.5 and 0.6 £ 0.5, respectively (p < 0.05). In contrast,
the level of inflammation in the preserved dura mater group
remained high (1.9 £ 0.5; p > 0.05). Neovascularization
increased in all groups, with the most pronounced response
observed in the UltraPro group (2.8 + 0.4). Cellular infiltration
and tissue integration also intensified across all implants;
however, the highest score was recorded in the UltraPro group
(3.4 £ 0.5), which was statistically higher than that of the
biological materials (p < 0.05).

Discussion.

The obtained results demonstrate pronounced differences
in tissue responses to implants of various types under E. coli
infection. According to the current literature, Gram-negative
pathogens induce intense neutrophilic infiltration, cause
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extracellular matrix damage mediated by lipopolysaccharides,
and exert an adverse effect on the early stages of implant
integration [9,18]. Our findings are consistent with these
mechanisms: on postoperative day 10, all groups exhibited a
predominance of granulocytes and lymphocytes, along with the
formation of microabscesses and foci of necrosis.

Recent systematic reviews and narrative analyses published
over the last decade have emphasized that the choice between
biologic and synthetic meshes in contaminated or infected
settings remains highly context-dependent. Contemporary
data indicate that synthetic meshes often demonstrate superior
early resistance to infection and structural stability, whereas
biological matrices may provide advantages in terms of
tissue remodeling and immunomodulation, particularly under
controlled contamination or antibiotic-protected conditions.
These findings highlight the absence of a universally optimal
implant material and underscore the importance of tailoring
material selection to the severity of contamination, host factors,
and timing of reconstruction [6,7,19,20].

Acute inflammatory response: differences between implant
types:

Biological materials (xenoperitoneum ECM and dura mater)
exhibited a more pronounced acute inflammatory response
and a higher incidence of abscess formation and necrosis on
postoperative day 10. Similar findings have been reported in
studies showing that biomaterials exposed to bacterial load
may retain bacterial debris for a prolonged period, thereby
sustaining the acute phase of inflammation [22]. In contrast,
synthetic materials, including polypropylene-based composite
meshes, generally induce less severe necrotic changes at early
time points [23], which is consistent with the results obtained
for UltraPro in the present study.

According to the quantitative data presented in Table 2, the
synthetic UltraPro mesh demonstrated significantly lower
abscess formation and necrotic changes on postoperative day
10 compared with the xenoperitoneum-derived extracellular
matrix. These findings indicate superior early resistance of
the synthetic material to infection-related tissue damage under
conditions of severe bacterial challenge.

In contrast, the biological ECM exhibited a higher susceptibility
to early abscess formation and necrosis. Given the high bacterial
load used in this model (10° CFU/mL), this response may be
explained by the biological nature of the matrix, which under
overwhelming infection conditions can function as a provisional
scaffold facilitating bacterial persistence and abscess development.
Thus, the early disadvantage of ECM observed in this study appears
to be closely linked to the severity of the infection model rather
than to an inherent inferiority of the material.

It is well established that E. coli is capable of forming stable
biofilms on both biological and synthetic implants [24]. Biofilm
formation is associated with chronic inflammation and reduced
phagocytic efficiency, which in our study was reflected by
the persistence of lymphomacrophage infiltration at 20 days,
particularly in the dura mater group. The more pronounced
macrophage response observed around UltraPro is in line with
reports describing sustained M1 macrophage activation as a
characteristic feature of synthetic implants [25].



Cellular infiltration and tissue integration, and angiogenesis:

It should be emphasized that the term “tissue integration /
matrix remodeling” encompasses different biological processes
depending on implant type. In synthetic meshes such as
UltraPro, this parameter reflects cellular infiltration and fibrous
tissue integration around mesh filaments. In contrast, for
biological ECM, it represents progressive scaffold remodeling
and replacement by host-derived connective tissue.

Despite the pronounced acute inflammatory response,
the xenoperitoneum ECM demonstrated signs of earlier
tissue reconstruction, including enhanced tissue integration,
formation of loose connective tissue, and increased capillary
growth by day 20. These findings are consistent with numerous
experimental studies showing that ECM-based materials
promote constructive remodeling even under contaminated
conditions [4,26,27]. Preservation of the collagen scaffold
architecture and the presence of biologically active components
create favorable conditions for fibroblast and endothelial cell
migration. In contrast, the dura mater group exhibited delayed
vascular network formation and a lower degree of tissue
integration, which may be related to the preservation method
and a reduction in the biological activity of the material.

UltraPro was characterized by minimal necrotic tissue
damage and pronounced neovascularization; however, this
was accompanied by a persistent macrophage-dominated
inflammatory response. Such an immune profile is typical of
polypropylene-based synthetic meshes and reflects prolonged
foreign-body interaction rather than acute infectious tissue
destruction [25,28].

It should be emphasized that systemic antibiotic therapy was
deliberately excluded from the experimental protocol. This
design choice was made to isolate and compare intrinsic tissue—
material interactions under standardized bacterial exposure,
minimizing pharmacological confounding factors.

We acknowledge that this approach does not replicate routine
clinical practice, in which perioperative antibiotic prophylaxis
is mandatory during contaminated surgery. Moreover, the
bacterial inoculum used in this study (10° CFU/mL) exceeds the
conventional threshold of surgical contamination and should be
interpreted as a severe infection/abscess challenge model rather
than a model of routine clinical contamination.

Consequently, the present experiment should be regarded as
a comparative assessment of material behavior under extreme
bacterial stress, aimed at revealing differential susceptibility
of implant materials to early infection-related tissue damage.
The translational relevance of the findings is therefore context-
dependent and may be enhanced in future studies incorporating
systemic antibiotic therapy and lower bacterial loads that more
closely resemble clinical conditions.

Under conditions of severe experimental infection, the
synthetic UltraPro mesh demonstrated superior early resistance
to infection-associated tissue damage, as evidenced by
significantly lower abscess and necrosis scores in the early
postoperative period.

The xenoperitoneum-derived extracellular matrix showed
increased susceptibility to early abscess formation and necrosis
under high bacterial load, which may be related to its biological
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composition in the context of overwhelming infection. At
later observation periods, ECM demonstrated signs of tissue
remodeling and angiogenesis; however, its potential advantages
appear to be context-dependent and may be more relevant under
conditions of moderate contamination or in combination with
systemic antibiotic therapy.

These findings highlight that the choice of implant material
in contaminated or infected settings should consider both the
severity of bacterial challenge and the specific phase of tissue
response.

Limitations.

The non-infected control group was used for qualitative
model validation rather than for quantitative morphometric
comparison; therefore, statistical analyses were restricted to
contaminated groups.
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Further research.

Overall, the obtained data indicate that the performance
of xenoperitoneum-derived ECM under E. coli exposure is
context-dependent: it is more susceptible to early abscess
formation under severe bacterial challenge, yet demonstrates
tissue remodeling and angiogenesis at later time points. Further
studies using lower bacterial loads and systemic antibiotic
regimens are warranted to better define potential clinical
advantages of ECM-based implants.
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AHHOTanMA.

Hear wucciaenopanus: CpaBHNTh TKAaHEBYIO PEaKIIHIO
Ha KCCHOOPIOMMHHBIA BHeKIeTouHBI Matpukc (ECM),
cuaTeTHIecKyTo ceTky UltraPro 1 koHCepBHPOBaHHYIO TBEPAYIO
MO3TOBYIO 000JI09KY B SKCIIEPUMEHTAILHON MOJICTH NUMITIAHT-
acconuupoBanHor nH(pekunu Escherichia coli y xpeic.

Marepuanbl 1 MeTOAbI: Y 42 KpbIC BBHIIIOJHECHA IIACTHKA
nedexTa TepeqHeld OpIONTHON CTEHKH C HCIIONB30BaHHEM
ECM, cerkn UltraPro wmm TBEpmoH MO3roBoil 000109KH
[¢ HMHTPAONEPALUOHHON KOHTaMHHAaIIuen E. coli.
I'mcromormueckyro 1 MOPHOMETPHUECKYIO OLIEHKY ITPOBOAMIA
Ha 10-¢ m 20-e CyTKM TOCie OIEpaldd C AaHaJIH30M
BBIPOKCHHOCTH  BOCHAJICHMS, a0OCHEANPOBAHUS, HEKpO3a,
HEOaHTHOTEHE3a ¥ TKAHEBOW MHTETPAITHH.

PesyasTaTsl: Ha 10-e cyTkm Bo BcexX rpymIiax OTMEYanIoch
octpoe BocraneHne. [lokazarenyu abcreanpoBaHust 1 HEKPO3a
OBLTH JOCTOBEPHO HIDKE TPH UCTIONb30BaHNH ceTku UltraPro mo
cpaBaeHuio ¢ ECM u TBEpmoit Mo3roBoit obomoukoit (p<0,05).
K 20-m cytkam UltraPro coxpansia MEHAMaJIbHBIE TIPU3HAKA
TKaHEBOTO MOBPEXICHHS M JEMOHCTPHpOBana Hamboiee
BBIpaKCHHBIE HEOAHTMOTEHE3 M TKAHEBYIO MHTETPALIMIO, TOTAA
KaKk B Tpymme TBEPAOH MO3TOBOH OOOIIOYKH COXpPaHsIIACh
BOCTIANINTENbHAS aKTHBHOCTE. B rpymme ECM ormedanmchk
CHIDKEHHE HEKPO3a U MIPU3HAKH TKAaHEBOTO PEMOICINPOBAHUSL.

3akaouenune: Cunrermuyeckas cerka UltraPro oOmamaer
Oompmied  yCTOWYMBOCTRIO K  paHHEMY  WH(QEKIHMOHHO-
00yCITOBICHHOMY  MOBPEXICHHWIO  TKaHEH, TOorga  Kak
MOTCHIINATIBHBIC MPENMYIIECTBA KCEHOOPIOIIMHHOTO
BHEKJIETOYHOTO  MaTpHKca HOCAT  KOHTEKCT-3aBHCHMBIN
XapakTep M MPOSIBISIFOTCS Ha 00JIee TMO3AHUX CPOKax.

KaioueBble c10Ba: BHEKJICTOYHBIH MATPHKC KCCHOOPIOIITHHBL;
OWonorMYecKue  MMIUIAHTATBl;  CHHTETHYECKash  CETKa;
uHexus Escherichia coli; TkaHeBas peaxiys; aHTHOTEHE3;
9KCTIEPUMEHTAILHOE NCCIIEIOBAHME.
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99L3960096E M dmgerdo.
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050UL 259mygbgdolisll ECM-bs o 99s® 3060l 256Lmsb
39006m9d0m (p<0,05). 39-20 omobmgol UltraPro-b xaw%do
99606BbgdMmmo  ogm  BobodowrMo  Jumgowm3zsbo
©sH0sbgds s 2odmzmobs Yzgwsbg  godmbs@ero
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500608690Mm©s bg3MmBol 93060935 s Jumgowmgsbo
699w oMgdol 6bodbgdo.
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MMM 23050 39M0Mm©To 3¢0bgds.



	Title

