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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 

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 of biological 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 = 6
– E. coli, day 20: n = 6
• UltraPro mesh (Ethicon, USA):
– E. coli, day 10: n = 6
– E. coli, day 20: n = 6
• Preserved dura mater:
– E. coli, day 10: n = 6
– E. coli, day 20: n = 6
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. 

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 × 1 cm.
Bacterial Agent:

To model an infected surgical field, a clinical strain of E. coli at 
a concentration of 10⁹ 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 cm in length 
was made on the anterior abdominal wall. A standardized 
aponeurotic defect measuring 1 × 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, 
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embedded in paraffin, sectioned at 5 μm, 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 ×400 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 (X̄ ± 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 

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 
(p > 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, ×100.

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, ×100.

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, ×100.
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Figure 8. UltraPro mesh, E. coli, day 10. Formation of connective tissue around the mesh with occasional small microabscesses. Predominance 
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±6.0 194±25.8 192.8±31
Lymphocytes 55.3±9.1 85.8±9.9 47.8±4.4 80.2±11.7 47.3±9.4 43.0±11.3
Plasma cells 22.7±4.1 21.2±7.8 7.7±3.3 13.8±3.6 16.7±5.3 14.0±5.9
Macrophages 28.7±2.6 20.2±12.5 40.2±12.4 43.2±9.9 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, X̄ ± SD.

Parameter ECM UltraPro Preserved dura mater
10 days 20 days 10 days 20 days 10 days 20 days

Abscesses * 2.1±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
10 days 20 days 10 days 20 days 10 days 20 days

Depth of inflammatory 
response * 1.8±0.5 0.9±0.5 1.5±0.5 0.6±0.5 2.1±0.5 1.9±0.5

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 infiltration and 
tissue integration*** 0.5±0.4 1.5±0.5 1.5±0.4 3.4±0.5 0.5±0.5 1.4±0.5

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 ± 0.6 to 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 ± 0.4 to 0.1 ± 0.5; necrosis: 0.5 ± 0.5 to 0.1 ± 0.4).
Depth of inflammation, neovascularization, cellular 
infiltration and tissue integration.

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 

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 (10⁹ 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].
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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 (10⁹ 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 

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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Аннотация.
Цель исследования: Сравнить тканевую реакцию 

на ксенобрюшинный внеклеточный матрикс (ECM), 
синтетическую сетку UltraPro и консервированную твёрдую 
мозговую оболочку в экспериментальной модели имплант-
ассоциированной инфекции Escherichia coli у крыс.

Материалы и методы: У 42 крыс выполнена пластика 
дефекта передней брюшной стенки с использованием 
ECM, сетки UltraPro или твёрдой мозговой оболочки 
с интраоперационной контаминацией E. coli. 
Гистологическую и морфометрическую оценку проводили 
на 10-е и 20-е сутки после операции с анализом 
выраженности воспаления, абсцедирования, некроза, 
неоангиогенеза и тканевой интеграции.

Результаты: На 10-е сутки во всех группах отмечалось 
острое воспаление. Показатели абсцедирования и некроза 
были достоверно ниже при использовании сетки UltraPro по 
сравнению с ECM и твёрдой мозговой оболочкой (p<0,05). 
К 20-м суткам UltraPro сохраняла минимальные признаки 
тканевого повреждения и демонстрировала наиболее 
выраженные неоангиогенез и тканевую интеграцию, тогда 
как в группе твёрдой мозговой оболочки сохранялась 
воспалительная активность. В группе ECM отмечались 
снижение некроза и признаки тканевого ремоделирования.

Заключение: Синтетическая сетка UltraPro обладает 
большей устойчивостью к раннему инфекционно-
обусловленному повреждению тканей, тогда как 
потенциальные преимущества ксенобрюшинного 
внеклеточного матрикса носят контекст-зависимый 
характер и проявляются на более поздних сроках.

Ключевые слова: внеклеточный матрикс ксенобрюшины; 
биологические имплантаты; синтетическая сетка; 
инфекция Escherichia coli; тканевая реакция; ангиогенез; 
экспериментальное исследование.

რეზიუმე.
მიზანი: შეადაროს ქსოვილოვანი რეაქცია 

კსენოპერიტონეუმისგან მიღებულ ექსტრაცელულარულ 
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მატრიქსზე (ECM), სინთეზურ ბადე UltraPro-ზე და 
კონსერვირებულ მყარ ტვინის გარსზე ვირთაგვებში 
იმპლანტთან ასოცირებული Escherichia coli ინფექციის 
ექსპერიმენტულ მოდელში.

მეთოდები: კვლევა ჩატარდა 42 ვირთაგვზე. წინა 
მუცლის კედლის დეფექტის პლასტიკა შესრულდა ECM-
ის, UltraPro ბადის ან მყარი ტვინის გარსის გამოყენებით 
E. coli-ით ინტრაოპერაციული კონტამინაციის 
პირობებში. ჰისტოლოგიური და მორფომეტრიული 
შეფასება ჩატარდა ოპერაციის შემდეგ მე-10 და მე-20 
დღეს, ანალიზით ანთების გამოხატულების, აბსცესის 
წარმოქმნის, ნეკროზის, ნეოანგიოგენეზისა და 
ქსოვილოვანი ინტეგრაციის მიხედვით.

შედეგები: მე-10 დღეს ყველა ჯგუფში აღინიშნებოდა 
მწვავე ანთებითი რეაქცია. აბსცესისა და ნეკროზის 
მაჩვენებლები სარწმუნოდ დაბალი იყო UltraPro 

ბადის გამოყენებისას ECM-სა და მყარ ტვინის გარსთან 
შედარებით (p<0,05). მე-20 დღისთვის UltraPro-ს ჯგუფში 
შენარჩუნებული იყო მინიმალური ქსოვილოვანი 
დაზიანება და გამოვლინდა ყველაზე გამოხატული 
ნეოანგიოგენეზი და ქსოვილოვანი ინტეგრაცია, მაშინ 
როდესაც მყარი ტვინის გარსის ჯგუფში ანთებითი 
აქტივობა კვლავ შენარჩუნდა. ECM-ის ჯგუფში 
აღინიშნებოდა ნეკროზის შემცირება და ქსოვილოვანი 
რემოდელირების ნიშნები.

დასკვნა: სინთეზური ბადე UltraPro გამოირჩევა 
უფრო მაღალი მდგრადობით ადრეული ინფექციით 
განპირობებული ქსოვილოვანი დაზიანების მიმართ, 
მაშინ როდესაც კსენოპერიტონეუმისგან მიღებული 
ექსტრაცელულარული მატრიქსის პოტენციური 
უპირატესობები კონტექსტზე დამოკიდებულია და 
უფრო გვიან პერიოდში ვლინდება.
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