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Xülasə. Periton toxumasının və qarın divarının əzələ-aponevroz qatının tirotrisin antibiotiki hopdurulmuş 

polipropilen implanta reaksiyasını öyrənmək məqsədilə tədqiqat aparılmışdır. Eksperimental tədqiqat 2022-

2023-cü illərdə Dnepr Tibb Universiteti klinikasının laboratoriyasında kütləsi 200-240 q olan Wistar xəttinə 

mənsub erkən siçovullar hər birində 5 baş olmaqla 4 qrupa bölünmüşdür. 

Eksperimental tədqiqatın gedişində qarın divarının əzələ-aponevroz qatının və peritonun polipropilen 

tərkibli torla qarşılıqlı surətdə bir-birinə inteqrasiya etdiyi aşkara çıxmışdır. Bu zaman toxumaların 

implantla inteqrasiya etdiyi zonalarda aktiv surətdə kollagenogenez prosesləri və birləşdirici toxumanın 

aydın şəkildə damarlarla zənginləşməsi müşahidə edilmişdir. Tirotrisin antibiotiki hopdurulmuş torların 

ətrafında yaranan birləşdirici toxumanın morfoloji xüsusiyyətləri əhəmiyyətli dərəcədə fərqli olmuşdur ki, bu 

da orqanizmin toxumalarının bioloji cəhətdən polipropilen implantları ilə yaxşı uyğunlaşa bildiyini göstərir.  
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The research studied the reaction of peritoneal tissue and the muscular aponeurotic layer of the anterior 

abdominal wall to a polypropylene implant treated with the antibiotic tyrothricin. The studies were 

conducted in the laboratory of the Dnieper Medical University clinic during 2022-2023. on 20 mature male 

Wistar rats weighing 200-240 g. The rats were divided into 4 groups of 5 animals each. An experimental 

study revealed the integration of tissue elements of the peritoneal walls and the muscular aponeurotic layer 

of the abdominal wall with the material of polypropylene mesh. At the same time, active processes of 

collagenogenesis occurred in the border zones and the area of integration with the implant, as well as 

pronounced manifestations of vascularization of the connective tissue. The morphological features of the 

connective tissue formed in the area and around intact implants and meshes treated with tyrothricin did not 

differ significantly from each other, which indicates the positive biocompatibility of body tissues and 

polypropylene implants. 

 

 

Introduction. Surgical treatment of her-

nias using polypropylene implants, according 

to many authors, ensures the elimination of 

tissue defects, stabilization of the abdominal 

wall and guarantees its long-term durability 

[1,2]. In recent years, scientific efforts have 

been focused on modifying the surface of 

implants. Simultaneously with the creation of 

polypropylene meshes, implants from foamed 

polytetrafluoroethylene, arboxymethylcellu-
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lose, polyethylene, polyglycolic acid, poly-

mers of organic acids and materials based on 

various nanoparticles and hydrogels were 

developed and studied. The main requirement 

for these materials is the possibility of their 

integration with body tissues as a result of the 

development of connective tissue around 

foreign materials [3]. Despite a large number 

of attempts, the most optimal option for deve-

loping mesh implants turned out to be poly-

propylene material. It has been and remains a 

major advance in hernia surgery due to a 

number of properties, such as increased 

strength, flexibility, satisfactory tissue res-

ponse and better biocompatibility compared 

to other materials [4,5,6]. When treating 

complicated hernias, one of the main prob-

lems is the development of severe infectious 

complications, which significantly worsen the 

effectiveness of therapy and the prognosis of 

the disease. In this regard, implants after 

coating with antimicrobial pharmacological 

agents began to be developed and introduced 

into surgical practice. [7,8]. The results of 

clinical observations indicate the high anti-

microbial properties of antiseptic biocom-

posite meshes in patients. These meshes block 

the development of postoperative purulent 

complications. At the same time, the risks of 

developing bacterial contamination of tissues 

after surgery are reduced [9, 10]. The study is 

devoted to studying the effectiveness of using 

various types of meshes (without and with the 

use of an antimicrobial agent), their biocom-

patibility with body tissues and the reaction of 

peritoneal connective tissue under experi-

mental conditions. 

Purpose of the study. To study the 

reaction of the peritoneum to polypropylene 

implants treated with the antimicrobial agent 

tyrothricin. 
Materials and methods: The studies were 

carried out in the laboratory of the Dnieper 

Medical University clinic during 2022-2023 on 20 

mature male Wistar rats weighing 200-240 g. The 

rats were divided into 4 groups of 5 animals each. 

The first group (CGr) is the control group (n=5). 

The second (Gr-2) comparison group (n=5), 

which underwent surgery: an incision in the 

hypogastric region along the midline up to 1 cm 

long. In this case, the skin was dissected, the 

aponeurosis of the rectus abdominis muscles to 

the peritoneum. It was separated from the inner 

sheet of the muscle aponeurosis without damaging 

it. Later, the specified incision of all layers of the 

abdomen was sutured layer by layer with 7-0 

vicryl thread (Ethicon, USA). The third (Gr-3) is 

the main group (1), (n=5). Here, a Covidien 

Parietene polypropylene implant measuring 

1.0×0.5 cm (Medtronic plc, USA) was placed 

between the peritoneum and the inner layer of the 

aponeurosis of the rectus abdominis muscles 

without additional fixation. In animals of the 

fourth main group  (Gr-4), (n=5), a similar 

implant was used, additionally treated with 

tyrothricin (Tyrosur, Engelhard Arzneimittel 

GmbH & Co. KG, Germany). The animals were 

operated on under thiopental sodium anesthesia 

with a 1% solution of the drug (single dose, 60 

mg/kg, intraperitoneally) (PJSC Kievmedpreparat, 

Ukraine). The rats were fixed in a supine position, 

and an abdominal wall defect was simulated to 

place a polypropylene implant for 2 weeks. On the 

14th day of the experiment, the animals were 

slaughtered after administering a lethal dose of 

sodium thiopental solution. The object of the 

study was the isolation of the peritoneal wall in 

animals of all studied groups. These tissues were 

fixed in a 10% formaldehyde solution prepared in 

phosphate buffer (pH 7.4). At the same time, the 

period of fixation of samples of seized tissue 

during the slaughter of animals was 24 hours. The 

latter were embedded in paraffin (Leica Surgipath 

Paraplast Regular, Germany) using the iso-

propanol-paraffin method. Paraffin sections 6 µm 

thick were prepared using a Thermo Microm HM 

360 microtome (Thermo Scientific, USA) and 

placed on prepared glass slides (Sail Brand, 

China). After deparaffinization, histological sec-

tions were stained with hematoxylin and eosin. 

The next stage of the work was dehydration and 

enclosing the stained tissue sections under a cover 

glass (Sail Brand, China) in balsam (Merck, 

Germany). Histological sections were examined to 

study the development of structural changes in the 

peritoneum of control and experimental animals. 

To further study the collagen density, dewaxed 

sections were stained with another dye, Direct 

Red 80 (Magnacol Ltd, UK) for 20 min at 25°C 

[11]. Stained sections were also dehydrated and 

embedded in balm (Merck, Germany). Further 

histological examination of micropreparations was 

carried out after taking tissue sections using an 

Olympus BX51 microscope (Olympus, Japan) at a 

magnification of ×200. The peculiarity of the 

work was that this area of tissue was in direct 

contact with the mesh implant. In this area of the 

peritoneum, the thickness (μm) of connective 

tissue was measured, as well as in the muscu-

loaponeurotic area using Carl Zeiss software 
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(AxioVision SE64 Rel.4.9.1, Germany). The 

specific density (%) of peritoneal collagen, at the 

level of its interaction with the mesh, was 

measured using ImageJ software (Wayne Ras-

band, USA) (algorithm: RGB image conversion to 

8-bit, “threshold”, correction of maximum PSR 

values positive region and dimension). 

Statistical processing of the obtained data was 

carried out using the Origin v.9.0 program 

(OriginLab, USA). The significance of differences 

between comparison groups was determined using 

the Student method. Differences between groups 

were considered statistically significant at P<0.05. 

All data are presented using random effects to 

calculate the difference between the mean and 

standard deviation (M±m). 

Absolutely all manipulations with animals 

were carried out in accordance with the 

requirements of the European Convention for the 

Protection of Vertebrate Animals, which are used 

for experimental and other purposes (Strasbourg, 

1986) and the Law of Ukraine No. 3447-IV, Art. 

26 “Rules for the treatment of animals used in 

scientific experiments, testing, educational pro-

cess, production of biological products” dated 

21.02.2006. 

Results and its discussion. A study was 

carried out of the area of the peritoneum that 

was in contact with polypropylene implants. 

The latter were deposited in the abdominal 

cavity of animals of the Gr-3 and Gr-4 

groups. Only a thin layer of fibrous con-

nective tissue was found in the peritoneal wall 

of the CG. Individual blood vessels, namely 

small arterioles and venules, were identified 

between the connective and muscle tissues. In 

the midline of the abdomen, a thin layer of 

connective tissue was visualized, devoid of 

muscle elements with capillaries (Fig. 1). 

 

 

 
 

Fig. 1. Peritoneal wall of intact rats (CG). 

1 – muscle tissue; 2 – aponeurosis. Hematoxylin-eosin 

staining. Magnification ×200. 

 

In Gr-2 animals that underwent surgery 

without mesh deposition, dystrophic altered 

muscle fibers and the formation of connective 

tissue containing collagen were detected; 

small arteries and veins were visualized in the 

newly formed connective tissue, in the lumen 

of which there was blood stasis without 

obvious signs of the development of an 

inflammatory reaction. A heterogeneous pat-

tern of connective tissue and its hetero-

geneous density were observed (Fig. 2). 

 

 
А                                                  В 

 

Fig. 2. Area of defect in the wall of the hypogastric region (Gr-2). 

A – damage to the rectus abdominis muscles and aponeurosis, development and thickening of the connective 

tissue layer. Hematoxylin-eosin staining. Magnification ×200. 

B – development of fibrosis in the area of muscle and peritoneum atrophy. Stained with red serius. 

Magnification ×200. 

1 – damage to muscle tissue; 2 – connective tissue hyperplasia; 3 – striped muscle tissue; 4 – connective 

tissue hypertrophy; 5 – fibrosis phenomenon. 
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Fig. 3. Site of implantation of polypropylene mesh (Gr-3).  

1 – connective tissue hypertrophy (collagenogenesis); 2 – grid section.  

Hematoxylin-eosin staining. Magnification ×200. 

 

 

In research animals Gr-3, after deposition of 

the polypropylene implant into the peritoneum 

of the hypogastric region, a slightly different 

picture of histological changes was observed: 

connective tissue surrounded the implant along 

the entire perimeter of the mesh, which 

indicated partial integration of the exogenous 

synthetic material with the tissue elements of 

the muscular aponeurotic area and the 

peritoneum of the animals. Perifocal muscle 

tissue also underwent corresponding structural 

remodeling changes. There was a decrease in 

the density and diameter of muscle fibers and an 

increase in intercellular space in muscle tissue. 

In these areas, where muscle fiber atrophy was 

detected, neoangiogenesis processes occurred 

through the sprouting of capillaries, as well as 

small arterioles and venules (Fig. 3). 

In Gr-4 animals, a polypropylene implant 

treated with tyrothricin was implanted in the 

muscular aponeurotic area. Connective tissue 

development was observed in the implant area. 

The comparative analysis data indicated that the 

histological features of connective fibrous tissue 

did not differ significantly from the similar 

picture that was visualized in Gr-3 animals. 

Phenomena of general integration of the 

antibiotic-treated implant with the peritoneal 

tissue were observed (Fig. 4). 

 

 
А                                                В 

 

Fig. 4. Interaction of tissues of experimental rats with a polypropylene mesh treated with tyrothricin (Gr-4) 

A – development of dense fibrous tissue in the area where the implant is placed. Hematoxylin-eosin staining. 

Magnification ×200. 

B – integration of muscular and peritoneal components with the implant. Collagen accumulation. 

Consolidation of the connective tissue layer in the area of the mesh treated with tyrothricin. Stained with red 

serius. Magnification ×200. 

1 – grid section; 2 – zone of damage with the development of connective tissue; 3 – collagenogenesis; 4 – 

connective tissue; 5 – muscle tissue. 
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In order to quantify the connective and 

fibrous tissue around the implant, a study of 

the thickness of the muscular aponeurotic 

region and densitometry of collagen in the 

connective tissue was carried out. Thus, in 

animals from the CG the peritoneal wall was 

undamaged, so no stained material was found 

for evaluation. At the same time, the thickness 

of the intact peritoneum in CG rats averaged 

51,73±9,87 µm, and the main structural 

element of the intercellular matrix turned out 

to be collagen, the specific density of which 

was 7,84±0,42%. These results were used for 

the next and comparative stage of studying 

the damaged peritoneal wall during surgery or 

placement of polypropylene meshes in the 

abdominal cavity. In experimental Gr-2 rats, 

positively stained zones of collagen accumu-

lation were observed in the peritoneum and 

partially damaged striated muscle tissue of the 

abdominal wall. In this case, the specific 

density of collagen was 12.68±5.15%. This 

indicates the activation of neocolagenogenesis 

processes in the extracellular matrix. During 

surgical intervention, polypropylene meshes 

placed in the abdominal cavity, other mani-

festations of the reaction of abdominal tissue 

to a foreign stimulus were recorded. In Gr-3 

rats, an increased number of collagen fibers 

was observed along the perimeter of the 

implant. At the same time, collagen density 

increased significantly to 27.26±6.09% 

(P<0.05). At the same time, the volume of 

connective tissue in the muscular aponeurotic 

area also increased compared to similar 

indicators in animals of the CG and Gr-2 

groups. The thickness of the connective tissue 

was 252.57±67.65 µm (p<0.05) (Table). 

Thus, body tissues react differently to the 

placement of meshes in the abdominal cavity 

to close a hernia defect, which should be 

taken into account when carrying out appro-

priate surgical interventions in patients with 

strangulated hernias.  

In preparations from Gr-4 animals, a 

significant number of positively stained areas 

with an increased amount of collagen were 

found compared to CG and Gr-2. Collagen 

was concentrated not only around the 

polypropylene implant, but also along the 

entire contour of the polymer material and 

was found in certain areas of the striated 

muscles of the abdominal wall. In this case, 

the specific density of collagen was the same 

as in MG1 animals, but slightly lower and 

amounted to 26.80±7.19% (p<0.05) (Table 1). 

The statistically significant results obtained 

are typical for animals Gr-3 and Gr-4 of the 

experimental groups, in which the specific 

density of collagen was higher than in animals 

CG and Gr-2. At the same time, these changes 

differed little from each other in animals Gr-3 

and Gr-4 of the experimental groups in terms 

of the size of connective tissue and the 

specific density of collagen. As shown by the 

results of the studies, polypropylene implants 

of both types deposited in the abdominal 

cavity were partially integrated into the body 

tissues and, first of all, into the aponeurotic-

muscular region of the rectus abdominal wall 

muscles and the peritoneum. At the same 

time, no pronounced manifestations of an 

acute inflammatory reaction to the implants 

were detected. 

 

 
Table. Specific density of collagen and thickness of connective tissue of the peritoneum located around the 

implanted mesh in the hypogastric region of the abdominal cavity of experimental animals (M±m, n=20) 

 
 

Group of 

animals 

 

 

Conditions of experience 

 

Tested indicators 

 

Specific density of collagen 

(%) 

Connective tissue 

thickness (мкм) 

1 CG (n=5) 7,84±0,42 51,73±9,87 

2 Gr-2 (n=5) 12,68±5,15 199,83±36,80* 

3 Gr-3 (n=5) 27,26±6,09* 252,57±67,65* 

4 Gr-4 (n=5) 26,80±7,19* 215,30±38,22* 

 

Note: * – probable difference compared to the control group (p<0.05). 
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It is known that tissue reactions to the 

implantation of meshes made of different 

materials differ little from each other. This 

also applies to the formation of connective 

tissue, vascularization and the development of 

complications [12]. The end result of tissue 

reactions to the implant is the activation of 

connective tissue development. The first 

morphological signs of collagen formation 

around the implant under experimental 

conditions are observed already 3 days after 

surgery [13,14]. This aspect of the problem is 

of increased interest among specialists due to 

the fact that in laboratory animals (rats, mice) 

metabolic processes occur much more 

intensely than in humans. And at the same 

time, the formation of hypertrophic scar 

tissue, when the skin is damaged in laboratory 

rats, is recorded within 24 weeks, that is, for 

quite a long time [15]. But even after 6 

months, the newly formed scar tissue does not 

reach the strength parameters of the fascia 

[16,17]. It should be noted that during our 

studies, which lasted for 14 days, the 

formation of connective tissue around the 

implant occurred. After 15-24 months, 

degradation of the implant and the 

concomitant development of inflammatory 

reactions in the tissues are possible. The 

formation of collagen around the mesh 

continues further with the continuation of the 

accumulation of its different types [18]. The 

results of our studies indicate an active 

reaction of connective tissue elements and the 

development of regenerative processes at the 

earliest stages of deposition of polypropylene 

mesh without coverage with tyrothricin. This 

may have not only scientific, but also 

important practical significance for hernia 

surgery, especially in the surgical treatment of 

patients with strangulated and infected 

hernias. 

Conclusions 

1. The processes of activation of 

fibroblasts, new formation of connective 

tissue against the background of pronounced 

vascularization contributed to the pronounced 

integration of peritoneal tissue and muscular 

aponeurotic areas of the anterior abdominal 

wall with the surface of mesh implants 

processing with tyrothricin. 

2.  The results of our research indicate the 

active regenerative development at the earliest 

stages of deposition of polypropylene meshes, 

which has not only scientific, but also 

important practical significance in the surgical 

treatment of patients with strangulated and 

infected hernias. 
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Резюме. Изучали реакцию тканей брюшины и мышечно-апоневротического слоя передней брюш-

ной стенки на полипропиленовый имплант, обработанный антибиотиком тиротрицин. Исследования 

проводились в лаборатории клиники Днепровского медицинского университета на протяжении 2022-

2023гг. на 20-ти половозрелых крысах-самцах линии Wistar массой 200-240 г. Крысы были разделены 

на 4 группы по 5 животных в каждой. При проведении экспериментального исследования была 

обнаружена интеграция тканевых элементов стенок брюшины и мышечно-апоневротического слоя 

брюшной стенки с материалом полипропиленовых сеток. При этом происходили активные процессы 

коллагеногенеза в граничных зонах и области интеграции с имплантом, а также выраженные 

проявления васкуляризации соединительной ткани. Морфологические особенности соединительной 

ткани, сформировавшейся в области и вокруг интактных имплантов и сеток, обработанных тиротри-

цином, существенно не отличались между собой, что  свидетельствует о положительной биосовмес-

тимости тканей организма и полипропиленовых имплантов.  
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