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EKSPERIMENTAL SORAITDO MUXTOLIF IMPLANT TiPLORININ
QARIN DiVARI TOXUMALARINA TOSIRI
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Xiilasa. Periton toxumasinin va qarin divarimin aZala-aponevroz qatimin tirotrisin antibiotiki hopdurulmus
polipropilen implanta reaksiyasint 6yronmak maqsadila tadgigat aparimisdir. Eksperimental tadqigat 2022-
2023-cii illorda Dnepr Tibb Universiteti klinikasimn laboratoriyasinda kiitlosi 200-240 ¢ olan Wistar Xattina
mansub erkon sicovullar har birinda 5 bas olmagqla 4 qrupa béliinmiisdiir.

Eksperimental todqgiqatin gedisinda qarin divarimin azala-aponevroz gatimin va peritonun polipropilen
torkibli torla qarsiligli suratda Dbir-birino integrasiya etdiyi askara c¢ixmisdir. Bu zaman toxumalarin
implantla inteqrasiya etdiyi zonalarda aktiv suratd> kollagenogenez proseslari vo birlasdirici toxumanin
aydin sakilda damarlarla zonginlasmasi miisahida edilmisdir. Tirotrisin antibiotiki hopdurulmus torlarin
atrafinda yaranan birlasdirici toxumanin morfoloji xtisusiyyatlari shamiyyatli daracada forqli olmusdur ki, bu
da orqanizmin toxumalarmin bioloji cahatdon polipropilen implantlart ilo yaxsi uygunlasa bildiyini gostorir.
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EFFECTS OF VARIOUS IMPLANT TYPES ON ABDOMINAL WALL TISSUE:
AN EXPERIMENTAL STUDY
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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- [1,2]. In recent years, scientific efforts have
nias using polypropylene implants, according been focused on modifying the surface of
to many authors, ensures the elimination of implants. Simultaneously with the creation of
tissue defects, stabilization of the abdominal polypropylene meshes, implants from foamed
wall and guarantees its long-term durability 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
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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
1.0x0.5 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 pm
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 x%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 (um) of connective
tissue was measured, as well as in the muscu-
loaponeurotic area using Carl Zeiss software



(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. 3447-1V, Art.
26 “Rules for the treatment of animals used in
scientific experiments, testing, educational pro-
cess, production of biological products” dated
21.02.20086.

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).

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 x200.

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

tissue hypertrophy; 5 — fibrosis phenomenon.



Fig. 3. Site of implantation of polypropylene mesh (Gr-3).
1 — connective tissue hypertrophy (collagenogenesis); 2 — grid section.
Hematoxylin-eosin staining. Magnification x200.

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).

N

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 x200.

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 x200.

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

connective tissue; 5 — muscle tissue.



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 um, 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 pm (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 MG; 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 Tested indicators
animals Conditions of experience
Specific density of collagen Connective tissue
(%) thickness (Mxm)

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).



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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BJIUSHUE PA3JIMUHBIX TUIIOB UMILIAHTOB HA TKAHU BPIOIIIHOM CTEHKHA
B OKCIIEPUMEHTE

B.I1.Kpbimens', A.B. KprﬂBIleBz, H.H.Hop'
Y Tnenposckuii 2ocyoapcmeennviii MeduyuncKkuti ynugepcumem, 2. Juenp, Yepauna
>Omoenvroe cmpykmyproe nodpasdenenue "Ynusepcumemckas kiunura” JHenposckozo
20CY0apCmMEeHH020 MeOUYUHCKO20 yHusepcumema, 2. /[nenp, Yxpauna

Pe3ztome. VIzyuanu peaknuio TKaHel OPIOMIMHBI ¥ MBIIIIEYHO-aIIOHEBPOTUYECKOTO CIIOS TIepeIHel Oprom-
HOW CTEHKHM Ha MOJIMIPONMICHOBBIM UMILIAHT, 00pab0TaHHBIM aHTHOMOTHKOM TUPOTpHUKH. VccnenoBanus
MPOBOJMIIUCH B JIAOOPATOPUHU KIMHUKY J{HENPOBCKOTO MEIUIIMHCKOTO YHUBEPCUTETA Ha NPOTsHKeHUH 2022-
2023rr. Ha 20-TH MOJIOBO3pENbIX Kpbicax-camiax JuHun Wistar maccoid 200-240 r. Kpbickl ObUIH pa3iesieHbl
Ha 4 Tpynmel MO 5 XUBOTHBIX B KaxaoW. [Ipw mpoBeneHHM 3KCIIEPHMMEHTANIBbHOTO HCCIIEeNOBaHHUA Oblia
oOHapyXeHa MHTETpalysi TKAHEBBIX 3JIEMEHTOB CTEHOK OPIOIIMHBI M MBIIICYHO-aIIOHEBPOTUYECKOTO CIIOS
OpIONIHOW CTEHKH C MaTE€pUAIIOM TOJUIPONMICHOBBIX CeTOK. [Ipr 3TOM MPOMCXOAMIIN aKTHBHBIE MPOIECCHI
KOJIJIAareHOTeHe3a B TPAHWYHBIX 30HaX M OOJIACTH HMHTETpAaldd C HMMIUIAHTOM, a TaKKe BBIpaKEHHBIE
MPOSIBJICHHSI BaCKYJAPH3aLUU COCAMHUTENbHON TKaHW. Mopdosnornyeckue 0cCOOEHHOCTH COSAMHUTEIBHOM
TKaHHU, CPOpMHUpOBaBILIEiica B 001aCTH U BOKPYT MHTAKTHBIX UMILIAHTOB M CETOK, 00pPaOOTaHHBIX TUPOTPH-
IIMHOM, CYIIECTBEHHO HE OTJIMYAINCh MEXIY COOOH, UTO CBHAETEILCTBYET O MOJOXKUTEIbHON OHOCOBMEC-
THMOCTH TKaHEH OpraHu3Ma U MOJUIPONIEHOBBIX UMIUIAHTOB.
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