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ABSTRACT

Postoperative ventral hernias represent a serious challenge in modern surgery, arising as complications after abdominal surgeries due to weak-
ness or defects in the musculo-aponeurotic structure of the anterior abdominal wall. Mesenchymal stem cells (MSCs) exhibit high reparative
potential due to their ability to paracrinally stimulate the regeneration of damaged recipient tissues.

OBJECTIVE - to establish the effect of intraperitoneal transplantation of human umbilical cord-derived mesenchymal stem cells (hUC-MSCs)
on the regeneration of muscle fibers in the area of musculo-aponeurotic defect reconstruction of the anterior abdominal wall in rats.

MATERIALS AND METHODS. A surgical model of a musculo-aponeurotic defect (2 cm in diameter) of the anterior abdominal wall was cre-
ated in 72 white rats. The animals were divided into four groups depending on the method of defect reconstruction: 1 — reconstruction using
autologous tissue; 2 — reconstruction using autologous tissue combined with MSC injection; 3 — reconstruction using a polypropylene mesh;
4 — reconstruction using a polypropylene mesh combined with MSC injection. hUC-MSCs were isolated from umbilical tissue using an en-
zymatic method. The expression of surface markers was validated using flow cytometry. hUC-MSCs were administered intraperitoneally at a
dose of 1 million cells per kg of body weight. On the 10" and 30" days, histological sections of anterior abdominal wall tissues in the area of
the musculo-aponeurotic defect reconstruction were analyzed for the presence of granulation tissue, collagen fibers, newly formed connective
tissue, and cellular infiltration. Morphometric analysis was performed to compare the relative areas of granulation and fibroreticular tissue,
microcirculatory vessels, and the number of neutrophilic leukocytes, lymphohistiocytic cells, and fibroblasts per 1 mm? of the section area.

RESULTS. In Group 1, loose connective tissue rich in fibroblasts and histiocytes was observed in the area of reconstruction. In Group 2, a
significantly lower intensity of the cellular response was noted, combined with the formation of denser connective tissue bundles, in the areas
of muscle fiber damage, cross-striations were more distinctly visualized. On the 10" day, the area of granulation tissue was 34.6 % smaller,
and the area of microcirculatory vessels was 15.9 % smaller compared to the first group and 28.1 % and 57.2 %, respectively, compared to
Group 3 at the same time point. In Group 3, granulation tissue formed in areas of necrosis and muscle fiber destruction. The best results were
obtained in Group 4 (polypropylene mesh with MSCs), where complete resolution of the inflammatory response and scar tissue formation were
observed. On the 10" day, the granulation tissue area in Group 4 was 2.5 times smaller compared to the first group, 1.3 times smaller compared
to Group 2 and 2.5 times smaller compared to Group 3. The relative area of microcirculatory vessels in Group 4 was 1.8 times smaller compared
to Group 1, 1.3 times smaller compared to Group 2, and 1.8 times smaller compared to Group 3. The relative area of fibroreticular tissue was
3.2 times larger compared to Group 1, 1.2 times larger compared to Group 2, and 2.3 times larger compared to Group 3. The fibroblast count
per 1 mm? was higher, while the neutrophil count was lower, contributing to proper scar formation. On the 30" day, no granulation tissue,
microcirculatory vessels, or leukocytes were observed.

CONCLUSION. Intraperitoneal transplantation of hUC-MSCs in addition to the use of polypropylene mesh as a means of reconstruction of mus-
culo-aponeurotic anterior abdominal wall defect in rats enhances regeneration in the area of the modeled defect and promotes rapid healing.
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Hernia repair of the anterior abdominal wall (musculo-aponeurotic
defect) is among the most common surgical procedures performed
in surgical departments [1]. Frequently, the quality of life for patients
improves significantly within the first year after ventral hernia surgery,
particularly when polypropylene mesh is used for alloplastic repair of the
hernia defect, as compared to hernioplasty performed using inert suture
materials [2, 3, 4].

Ventral hernias of the anterior abdominal wall most commonly occur
after surgical procedures on the abdominal organs and are generally re-
garded as common postoperative complications. They form in somewhat
weakened areas of the anterior abdominal wall under the influence of me-
chanical factors [5, 6, 7]. An example of such defects is the development
of trocar hernias, which arise at the site of the largest trocar insertion
during laparoscopic surgeries on the abdominal organs [8, 9]. There
is evidence indicating that the appearance of ventral hernias following
surgeries is often associated with the presence of diastasis of the rectus
abdominis muscle or, more specifically, with the weakened state of the
musculoaponeurotic layer of the anterior abdominal wall itself [10].

Mesenchymal stem cells (MSCs) play a key role in the regeneration
processes of various tissues and organs. MSCs, regardless of their
origin—autologous, allogeneic, or xenogeneic—possess the potential to
differentiate into various cell types. Transplanted MSCs activate the repair
of damaged recipient body regions through paracrine effects of bioactive
molecules from their secretome [11, 12]. Due to their pronounced re-
generative and anti-inflammatory effects, MSCs have significant
potential for the therapy of diseases of various origins, especially for
restoring muscle and connective tissue types [13, 14, 15]. One of the
critical mechanisms underlying the positive therapeutic effects of stem
cells is their ability to interact with immune cells in the inflammatory
microenvironment, exert anti-inflammatory effects, and influence local
immunity to enhance the functions of resident phagocytes [16, 17], which
is particularly important during the healing of postoperative wounds of the
anterior abdominal wall. Furthermore, MSCs can support the growth and
differentiation of other stem cells. Their ability to secrete bioactive com-
ponents is a primary advantage of their use in regenerative medicine [18].

OBJECTIVE - to determine the effect of intraperitoneal transplantation
of human umbilical cord MSCs on the regeneration of muscle fibers in
the area of musculo-aponeurotic defect reconstruction of the anterior
abdominal wall in rats.

MATERIALS AND METHODS

The experimental study using laboratory animals was conducted in
accordance with the provisions of the European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, France, 1986). Common ethical guidelines for the
use of animals in research approved by the First National Congress on
Bioethics (Kyiv, 2011) and the Law of Ukraine on the Protection of Animals
from Cruelty were followed. The study was approved by the Bioethics
Committee of the I. Horbachevsky Ternopil National Medical University,
Ministry of Health of Ukraine. The research was conducted within the
framework of the state-funded research project "The Use of Regenerative
Medicine Technologies for the Treatment of Chronic Wounds" (State Re-
gistration Number: 0124U001099) for the years 2024-2026, approved by
the Bioethics Committee of Ternopil National Medical University (Protocol
No. 60 dated September 1, 2020).

The study was conducted on 72 sexually mature Wistar rats of both
sexes, aged six months, with an initial weight of 215 + 12 g. The animals
were kept under standard vivarium conditions, adhering to bioethical
standards, with a 12-hour light cycle, a temperature of 21 °C, and free
access to a standard diet and water.

A surgical model of a musculo-aponeurotic defect was created under
sterile conditions using general anesthesia. An intraperitoneal injection of
ketamine hydrochloride "Ketamine ZN" (Zdorovia Corporation, Ukraine)
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was administered at a dose of 45 mg/kg body weight. The surgical field
was shaved and treated twice with betadine solution. For all rats in
Group 1 (n = 18) and Group 2 (n = 18), a musculo-aponeurotic defect
of the anterior abdominal wall was surgically modeled, creating a 2 cm
defect using a sharp 12 mm trocar blade. The defect was then sutured
in layers using a continuous loop suture technique with "Vicryl" (Ethicon,
USA) 3/0 suture material and a curved needle. Additionally, in Group 2,
intraperitoneal injections of 250 L MSC suspension were administered
using a BD Micro-Fine Plus insulin syringe (Becton Dickinson, USA), with
a dose of 250,000 cells per rat. In Groups 3 (n =18) and 4 (n = 18), a
similar musculo-aponeurotic defect of the abdominal wall was created,
followed by "on lay" reconstruction using a 3x3 cm polypropylene mesh
"Alpha Vita" (UkrTechMed, Ukraine) and "Vicryl" 3/0 suture material with a
curved needle. In Group 4, an additional intraperitoneal injection of MSCs
at a dose of 250,000 cells per animal was administered using an insulin
syringe.

Human umbilical cord-derived mesenchymal stem cells (hUC-MSCs)
were obtained in the cell culture laboratory of Ternopil National Medical
University. The tissues were collected from a healthy donor after physio-
logical pregnancy and natural childbirth. Informed consent was obtained
from the donor for the use of postpartum biological material. The
primary culture of MSCs from Wharton's jelly was obtained using an
enzymatic method with 0.1 % Type | collagenase (Sigma-Aldrich, USA).
hUC-MSCs were cultured in DMEM F12 Advanced medium (Gibco, USA)
supplemented with 10 % fetal bovine serum (FBS) (Gibco, USA) at 37 °C
and 5 % CO,. Passaging was performed using TrypLE Express Enzyme
(Gibco, USA). At the 4" passage, the cultured cells were cryopreserved
using a cryoprotective medium containing 30 % DMEM/F12 Advanced,
40 % FBS, 20 % conditioned medium, and 10 % dimethyl sulfoxide
(Sigma, USA). The cultures were validated as MSCs using flow cytometry
BD Accuri™ C6 Plus (Becton Dickinson, USA) with monoclonal antibodies
against CD73, CD90, CD105, CD34, and CD45 (/nvitrogen, USA). The
experiments utilized hUC-MSCs at the 5" passage. Thawed hUC-MSCs
were cultured in DMEM/F12 Advanced medium with 10 % FBS under
standard CO, incubator conditions. A saline solution was used to prepare
the MSC suspension. Stem cells were administered intraperitoneally as
quickly as possible (within 1 hour) after detachment from culture flasks
and preparation of the suspension.

Animals were euthanized in groups of nine by an overdose of sodium
thiopental (Arterium Corporation, Ukraine) at a dose of 0.6 mg/kg on the
10" and 30™ days of observation. Full-thickness samples of anterior ab-
dominal wall tissues were collected from the site of musculo-aponeurotic
defect reconstruction for subsequent histological analysis.

Histological specimens were prepared using standard techniques
and stained with hematoxylin and eosin. The samples were examined
at different magnifications using an Eclipse Ci microscope (Nikon,
Japan). Microphotographs were captured with a Granum DSM 310 digital
camera (China) and analyzed using the Toup View software (ToupTek
Photonics, China). The following parameters were assessed: presence of
granulation tissue, collagen fibers, newly formed connective tissue, and
cellular infiltration. Morphometric analysis included the relative area of
granulation tissue, relative area of fibrous-reticular tissue, relative area
of microcirculatory vessels, and the number of neutrophilic leukocytes,
lymphonhistiocytic elements, and fibroblasts per 1 mm? of tissue section.

For statistical analysis, Microsoft Excel (Microsoft, USA) and STATIS-
TICA 5.5 (StatSoft Inc., USA) software were used. Parametric methods
were applied for result evaluation. Mean values (M), standard deviations,
and standard errors (m) were calculated for all indicators. The statistical
significance of differences between independent quantitative variables
was assessed using Student's t-test for normally distributed data. Results
with p < 0.05 were considered statistically significant.
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RESULTS AND DISCUSSION

Histological examination of the tissue in Group 1 rats, which under-
went reconstruction of the musculo-aponeurotic defect with their own
tissues, revealed that on the 10" day after surgery, the wound defect was
filled with granulation tissue in the early stages of maturation. Fibrinous-
necrotic deposits were observed on the surface of the granulation tissue.
Numerous blood vessels appeared poorly perfused, with signs of impaired
rheology and hemodynamics, including stasis, erythrocyte sludging,
microthrombosis, and hemorrhages. These circulatory disorders in the
regenerative area likely exacerbated hypoxic effects and delayed wound
healing, contributing to chronicity. The cellular infiltrate predominantly
consisted of neutrophils, lymphocytes, and macrophages, with fewer fi-
broblasts and histiocytes. Occasional necrotic and abscessed areas were
observed within the granulation tissue. Thin collagen fibrils were spo-
radically detected. Intense polymorphonuclear infiltrates were observed
near the defect. No signs of epithelialization were present. Muscle fibers
lacked striation, and dystrophic and destructive changes were evident in
the sarcoplasm (Fig. 1 A).

Morphometric analysis of histological samples on the 10" day of
observation demonstrated a small number of fibrous structures in Group
1, which were 64.1 % smaller than the area of granulation tissue and
microcirculatory vessels, indicating slowed regeneration and active
angiogenesis combined with circulatory disorders. The abundance of
neutrophilic leukocytes was 1.8 times higher than lymphohistiocytic ele-
ments, while the low fibroblast content in the cellular infiltrate confirmed a
predominance of inflammatory reactions and a tendency toward abscess
formation (Table 1).

Fig. 1. Microphotographs of histological sections of tissue fragments
from the wound on the 10" day after reconstruction of the muscu-
lo-aponeurotic defect of the anterior abdominal wall in rats. Light
microscopy, hematoxylin and eosin staining, magnification x200.
A — reconstruction using autologous tissue: 1 — granulation tis-
sue. 2 — microabscess. B — reconstruction using autologous tis-
sue and stem cells: 1 — granulation tissue with a predominance of
cellular components, 2 — granulation tissue with a predominance
of fibrous components. C — reconstruction using surgical mesh:
1 — area of maturing granulation tissue, 2 — granulation tissue in
the early development stage. D — reconstruction using surgical
mesh and stem cells: 1 — immature connective tissue, 2 — forma-
tion of dense collagen fiber bundles.
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In Group 2, on the 10" day after the use of MSCs, granulation tissue
formation was also observed throughout the entire injury area. Numerous
thin-walled vessels were predominantly filled with blood. The structure
of the granulation tissue was dominated by cellular components. The
identified polymorphonuclear infiltrate included a large number of
macrophages, histiocytes, and lymphocytes. However, in contrast to the
group with the same observation period from the previous experimental
series, signs of granulation tissue maturation appeared. Along the wound
edges and bed, fibroblasts and the fibrous component predominated in
the granulation tissue. Collagen fibers were sparse but showed a ten-
dency to condense and form bundles. Muscle fibers that retained their
integrity were compactly arranged on cross-sections, with nuclei clearly
visualized beneath the membrane. The sarcoplasm was homogeneously
eosinophilic. On longitudinal sections, cross-striations were unevenly
visible. Fragmentation of fibers was sporadic. In transverse sections, the
sarcoplasm was heterogeneous. Mononuclear infiltration was present
in the perimysium, accompanied by distinct vascular engorgement and
perivascular edema. The adjacent dermis was loosened by edema and
had uneven, often dense polymorphonuclear infiltrates predominantly
composed of lymphocytes. In the basal sections of the epidermis, small
foci of proliferation were observed (Fig. 1 B).

Table 1. Dynamics of morphometric indicators in the experimental
groups of animals at different observation periods

Group 1 Group 2 Group 3 Group 4
Indicator  day10, day30, day10, day30, day10, day30, day10, day 30,
n=9 n=9 n=9 n=9 n=9 n=9 n=9 n=9
Relative area 139+06 10105
of granulation 25605 113%& p1<0.005 2143 g 3085 p1<0.005
tissue, % Pa<DO b2 <0.005 Pl p3 <0.001
Relative area of +0. .3+ 0.
fibrous-reticular ~ 9.4+0.5 357013061 5153 58095 511 8;8075 1132380% 3f3380% g?f(;(?oss 51493802
tissue, % pa <0001 po < 0.005 P1 <0000 P1 <0005 PT<BO05 1y 0001 PO
Relative area of 131202
microcirculatory  24.1£0.2 piif)%é ;17 f; go11 5133 g 8015 p1<0.005
vessels, % ’ : : p3<0.001
Number of
neutrophilic 840411 27.0+0.6 141:08 62.8+5.2 117955011 6.1+09
leukocytes per T p4<0.001 p1<0.001 p1<0.001 p1<0. p1<0.001
2 p4 <0.001

1mm
Number of
iympho- L., 211426 308241 16920 40,0 230221 350243 12016
histiocytic cells 2034 pac0001 pt<oor PT<00T oy ggs PI>005 p<005 pt<0001

A p4 <0.001 p4 <0.001 p4 <0.001
per 1 mm
Number of 420526 96.9+59 22940 200528 1269 g3, 55 110219
fibroblasts per 71209 "6 001 p1<0.001 pd<0.001 pt <0.001 P <005 " g gy P1<0.001
1 mm? pa <0001 pT <0001 b2 <0001 DT <0 by 0,001 PT <" pa<0.001

Note: p1 - significant differences compared to Group 1 indicators
at the respective time point;
p2 - significant differences compared to Group 3 indicators
at the respective time point;
p3 - significant differences when comparing Group 4 with
Groups 1,2, and 3 at the respective time point;
p4 - significant differences compared to the 10" day within
the respective group.

Measurements on the 10" day in Group 2 animals, which received
stem cell therapy, showed further positive dynamics in morphometric
parameters. The relative area of granulation tissue was statistically sig-
nificantly (p < 0.005) 34.6 % smaller, and the microcirculatory vascular
area was 15.9 % smaller compared to Group 1 and 28.1 % and 57.2 %,
respectively, compared to Group 3 at the same time point. The cellular
composition of the infiltrate also changed quantitatively. The number of
fibroblasts was 13.8 times higher compared to Group 1 and 2.3 times
higher compared to Group 3 (p < 0.005). The number of neutrophils
was 6 times lower than in Group 1 and 4.5 times lower than in Group 3
(p < 0.005), indicating a lower level of inflammation in the tissue rege-
neration zone (Table 1).



In Group 3, on the 10" day, the reparative process was uneven. The
postoperative wound defect was wide and filled with granulation tissue in
the early development stage, located below the surface of the skin. The
granulation structure was dominated by cellular components, including
fibroblasts, macrophages, neutrophils, lymphoid cells, plasma cells, and
numerous thin-walled, blood-filled vessels. Along the wound bed and
edges, signs of maturation such as the appearance of thin, scattered
collagen fibers and a decrease in the proportion of vessels were noted.
Cellular infiltration extended into the adjacent muscle mass, infiltrating
the endomysium and perimysium. Edema of connective tissue was
present, with fibers losing their compact arrangement and fragmenting.
Cross-striations were not visualized. The sarcoplasm was unevenly
stained, splitting and disintegrating into globules. The epidermis irregu-
larly covered the skin flap, with signs of basal cell proliferation. In the
dermis, pronounced edema and macrophage-leukocyte infiltration were
observed (Fig. 1 C).

In Group 3, slightly better dynamics in morphometric parameters were
observed. Compared to Group 1, the relative area of fibrous-reticular tissue
was 17.3 % larger (p < 0.005). The number of neutrophils in the cellular in-
filtrate was 14.3 % lower. In contrast, the number of fibroblasts was 61.1 %
higher. Thus, in Group 3, the morphometric analysis reliably confirmed a
tendency toward a reduction in inflammation in the regeneration zone and
an increase in fibroproliferative activity (Table 1).

In Group 4, which combined the use of surgical mesh and stem cells,
on the 10" day, maturing granulation tissue appeared, in contrast to
other experimental groups at the same time point. The structure of the
granulation tissue was dominated by the fibrous component. Collagen
fibers were thin and sparsely distributed in the amorphous matrix. Initial
signs of remodeling of the newly formed connective tissue into mature
connective tissue and the formation of thin but dense collagen bundles
were also present. In the dermis and muscle tissue, signs of mild edema
persisted, and cellular infiltration was moderate, predominantly loca-
lized around the vessels. Marginal epithelialization was observed in the
epidermis (Fig. 1D).

Morphometric results on the 10" day in Group 4 indicated that the rela-
tive area of granulation tissue was 2.5 times smaller (p < 0.005) compared
toGroup 1, 1.3times smaller (p <0.005) compared to Group 2,and 2.5times
smaller (p < 0.005) compared to Group 3. The relative area of microcircu-
latory vessels was 1.8 times smaller (p < 0.005) than in Group 1, 1.3 times
smaller (p < 0.005) than in Group 2, and 1.8 times smaller (p < 0.005) than
in Group 3. The relative area of fibrous-reticular tissue was 3.2 times, 1.2
times, and 2.3 times larger compared to Groups 1, 2, and 3, respectively
(p < 0.005). Among cells, the number of fibroblasts per 1 mm?® was
higher, while the number of neutrophils was lower, contributing to proper
scar formation (Table 1).

On the 30" day, in Group 1, the postoperative wound defect was filled
with immature loose connective tissue, containing sporadic islands of gra-
nulationtissue. Cross-striations of muscle fibersinthe wound area were not
observed. The signs of marginal epithelialization were present (Fig.2 A). The
relative area of granulation tissue was 21.7 % smaller (p < 0.005), and the
relative area of the microcirculatory vessels was 94 % smaller (p < 0.005).
However, the relative area of fibrous-reticular tissue was 58.5 % larger
(p < 0.005). The inflammatory reaction persisted, with a significant num-
ber of present neutrophils. The number of lymphohistiocytic cells was
35.7 % lower than the number of fibroblasts. These changes in dynamics
on the 30™ day indicated a decrease in inflammation and predominance
of fibrosis (Table 1).

In Group 2, on the 30™ day, a clear positive dynamic of the reparative
process was observed compared to the same time period in the previous
series of studies. The affected area was smaller, and the proportion of
granulation tissue was significantly smaller, present as small sporadic
islands. Most of the wound area was occupied by fibrous connective
tissue with cellular infiltration, predominantly fibroblasts and histiocytes,
with some lymphocytes. Collagen fibers formed thin, dense bundles
of scar tissue. Muscle tissue was structurally similar to that in animals
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on the 10" day of the experiment, differing only in less intense cellular
reactions and the formation of denser connective tissue bundles in areas
of muscle fiber damage. Cross-striations were more clearly visualized.
Epidermization spread from peripheral areas and was accompanied by
subepithelial inflammatory infiltration (Fig. 2 B).

Fig. 2. Microphotographs of histological sections of tissue fragments
from the anterior abdominal wall of rats on the 30" day after
reconstruction of the musculo-aponeurotic defect. Light mi-
croscopy, hematoxylin and eosin stain, magnification =200.
A — reconstruction using autologous tissue: 1 — initial marginal
epithelialization of the wound surface, 2 — granulation tissue.
B — reconstruction using autologous tissue with stem cells:
1 — fibrous connective tissue and its remodeling into mature scar
tissue. C — reconstruction using surgical mesh: 1 — granulation
tissue in the area of muscle fiber necrosis, 2 — mass of minimally
altered muscle fibers. D — reconstruction using surgical mesh and
stem cells: 1 — replacement fibrosis in the area of muscle fiber
injury.

The relative area of fibrous-reticular tissue was 18.4 % larger
(p < 0.005) compared to Group 1 at this time point and 15.1 % larger
(p < 0.005) compared to Group 3. The absence of neutrophils and the
lower number of lymphohistiocytic cells and fibroblasts indicated the
complete resolution of the inflammatory process and active scar tissue
formation (Table 1).

On the 30" day, in Group 3, the area of immature granulation tissue
was significantly smaller. The regeneration zone showed little difference
compared to the previous group. The difference was in the lower intensity
of the inflammatory reaction. Between the fibers of loose fibrous con-
nective tissue, diffuse cellular infiltration was observed, represented by
fibroblasts, histiocytes, and lymphocytes, with occasional neutrophils.
There were significantly fewer vessels compared to earlier time points,
and their walls were typical for microcirculatory vessels, as well as small-
diameter arteries and veins. Changes in the muscular component were
mosaic in nature.

In some areas, degenerated muscle fibers were registered, structurally
similar to those described in earlier time points. However, sporadically,
myosymplasts with restored cross-striations were visualized, indicating
gradual regeneration. The dermis had a more compact structure due to
the reduction of edema. Accordingly, significantly lesser degree of cellular
inflammatory infiltration was observed. In the epidermis, signs of initial
marginal epithelialization were found (Fig. 2 C). Granulation tissue was
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absent. Functioning microcirculatory vessels were also not detected. The
number of neutrophils was 66.9 % lower compared to the number of
fibroblasts. Thus, in this group of animals, complete resolution of inflam-
mation did not occur (Table 1).

On the 30™ day of the experiment, granulation tissue was completely
absent in Group 4. The wound defect was filled with newly formed vascu-
larized, mature connective tissue, in which polymorphonuclear infiltration
persisted against the background of a significant predominance of the
fibrous component over the cellular component. Skeletal muscle fibers on
longitudinal sections had clear cross-striations, with nuclei orderly loca-
lized beneath the sarcolemma. In some areas where previous destruction
of skeletal muscle tissue had occurred, connective tissue was formed
(Fig. 2 D).

As a result, in Groups 1 and 3, a pronounced inflammatory reaction
persisted on the 10" day and was weakly expressed on the 30" day in all
animals in these groups, which, in turn, significantly slowed the forma-
tion of mature connective tissue. Clear positive dynamics were observed
in all animals in Group 2, where reconstruction with autologous tissues
combined with MSC injections was performed, resulting in the complete
resolution of the inflammatory process and partial formation of fully
developed scar tissue. The best results were obtained in the animals in
Group 4, where the combination of surgical mesh and mesenchymal stem
cells was used. Complete reduction of the inflammatory reaction and scar
tissue formation were observed (Table 1).

The results of our experimental study on the effects of hUC-MSCs on
reparative processes in the area of the musculo-aponeurotic defect reveal
their high regenerative potential. Similar conclusions were also reached

in other studies, which indicate that MSCs possess reparative capacity,
particularly by stimulating angiogenesis and regulating the immune re-
sponse [11, 16, 19]. The use of MSCs in combination with polypropylene
mesh demonstrates the most significant results, confirming their positive
integration with other medical materials used for wound healing [20].

It is also worth noting that other researchers emphasize the ability
of MSCs to not only stimulate cellular regeneration but also significantly
reduce inflammatory reactions [15, 16, 21]. In our study, this was con-
firmed by the fact that in Groups 2 and 4, where MSC injections were
used, significantly fewer inflammatory complications were observed, and
granulation tissue formation occurred more rapidly [17, 21]. Furthermore,
the positive effects of MSCs on accelerating tissue healing are also con-
firmed in other studies, where it is noted that MSCs participate in restor-
ing of not only the structural integrity of tissues but also the functionality
of muscle fibers after surgery [3].

Our study also confirms that the use of MSCs in combination with
surgical mesh not only allows to regenerate damaged tissues more effec-
tively but also reduces the inflammatory reaction, which is an important
factor in decreasing postoperative complications. This is consistent with
the results of other researchers who argue that using meshes in combina-
tion with stem cells allows for more reliable healing outcomes compared
to a single method use [3, 18].

Thus, the use of MSCs opens new prospects for improving the effec-
tiveness of musculo-aponeurotic defect reconstruction and reduces the
risks of developing postoperative complications, such as ventral hernias
or other injuries of the anterior abdominal wall.

The intraperitoneal transplantation of hUC-MSCs in addition to the use of polypropylene mesh as a means of reconstruction of the musculo-
aponeurotic defect of the anterior abdominal wall in rats demonstrated the greatest therapeutic effectiveness compared to reconstruction with
autologous tissues or polypropylene mesh alone. This confirms the feasibility of combining cell therapy with synthetic materials for wound healing.
The use of MSCs to enhance reparative processes in hernia defect repair areas is undoubtedly promising and requires more in-depth research.
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BrnnuB TpaHcnaHTanii Me3eHXiMaIbHIX CTOBOYPOBUX
K/IiTVH NYIIOBMHMY TIOJVHY HAa pellapaTuBHI IpoLecu B
MiSHIN MIACTUKY M S130BO-aIOHEBPOTUYHOTO e eKTy
IepeIHbOI YePEeBHOI CTIHKM Yy LIypiB

Bapsapyk M-I, Josramoxk A., []3to6anoscbknii L., Tonosara T., IleBuyk O.

Teproninvcokuii HayioHanvHuil meouunuii ynisepcumerm imeni I. . Iopbauescvkozo MO3 Ypainu, Teproninv, Yepaina

[licnaonepayivini BEHTPasbHi rpuxi € CEPIO3HOI0 MPOBIEMOKO CY4acHOI Xipyprii, ki BUHUKAKOTb SK YCKIaAHEHHS Mic/is abA0MIHaIbHUX onepa-
UiVt BHACTIOK ¢nabkocTi abo 1eheKTy B M'130B0-anOHeBPOTUYHI CTPYKTYPI NepeaHbOI YepeBHOI CTiHku. Me3eHximanbHi cTOBOYPOBI KIITUHU
(MCK) BonogitoTe BUCOKUM pPenapaTuBHUM MOTEHUIaNnoM 3aBASKN CBOIV 34aTHOCTI NapakpuHHO CTUMYJTIKOBATU BIHOBIEHHS MOLIKOXKEHUX
TKaHWH peuunnienTa.

META. BctaHosuty BriuB iHTpanepuToHeanbHoi TpaxHcnnanTayii MCK nynoBuHu 0uHn Ha npoLecyu pereHepawii M’ s30Bux BOIOKOH B 30Hi
M71aCTUKN M’ 130B0-aloOHEBPOTUYHOI0 JeGHeKTy nepesHbOI YePEBHOI CTIHKM y LLypIB.

MATEPIAJIN | METOLN. 72 6inum LLypam XipypriyHum LLsxom 6Y10 3MOLe1b0BaHO M'130B0-aOHEBPOTUYHUI AECDEKT NEPEAHLOI YePeBHOI
CTIHKW 10 2 cM B AiameTpi. TBapuH 6y10 nNogineHo Ha 4 rpynu 3anexHo Bif METoay Kopekuii AechekTy: 1 — nnactnka BaacHuMu TKaHUHamm;
2 — I11acTvKa BAACHUMY TKaHUHaMu y NOEAHAaHHI 3 iH ekuieto MCK; 3 — nnactvka 3 BUKOPUCTaHHAM MOJINPONiNIeHOBOI CITKU; 4 — BUKOPUCTAHHS
noninponineHoBoi citkn 3 iH'ekyieo MCK. Me3eHximanbHi CTOBOYDOBI KAITUHN TIIOANHA BUZINSIN 3 TKAHUHN NyNOBUHU (DEPMEHTATUBHUM
METOAOM, BaslifyBajim 3a eKCPeciero MOBEPXHEBUX MAapKepiB METOLOM NPOTOYHOI UNTOIIOOPUMETPII Ta BBOAUIN IHTPANEPUTOHEASIbHO B
403i 1 MAH. KniTuH Ha 1 kr macw Tina. Ha 10-y Ta 30-y 06w Ha ricTonoriyHux npenaparax TKaHWH MepegHb0i YePeBHOI CTIHKK y Micyi nnac-
TUKN M’ S30B0-allOHEBPOTUYHOIO JEGQOEKTY OUIHIOBAIIN HASIBHICTb PAaHyNIALiiHOI TKAHUHW, KOIareHoBUX BOJIOKOH, HOBOYTBOPEHOI COJTy4HOI
TKaHWHU, KIITUHHY iHGIinbTpavit. MopghomeTpuyHO MopiBHIOBAaIM BIJHOCHY NJI0LLY TPAHYNALIAHOI, (DI6POPETUKYTIAPHOI TKAHUHU, CYANH Mi-
KPOLMPKYNIATOPHOIO Pycna, KinbKicTb HEATPOGINbHUX ENKOLMTIB, NiMGbOricTiounTapHuX enemenTiB 1a ¢hibpobnactie Ha 1 Mm? oL 3pi3y.

PE3YJIbTATU. Y TBapur 1-i rpynun y finaHyi naactuky crnoctepirani cghopMoBaHy myxky CrionyyHy TKaHuHy, 6araty giopobnactamu Ta ric-
Tioyntamu. Y 2-ii rpyni crnocTepiramm 3Ha4HO MEHLLY IHTEHCUBHICTb KIITUHHOI peakyii B NoOEAHaHHI 3 hOPMYBAHHAM OifibLL LLiIbHUX MYYKiB
COJTYYHOI TKAHUHN, B MICLSIX MOLLKOXXEHHS M 930BUX BOJTIOKOH OY/1a OifibLL YiTKO Bi3yasli30BaHa rnonepeyHa nocmyrosawicts. Ha 10-1y goby
110La rpaHynayiiiHoi TkaHuuy 6yna Ha 34,6 %, a cyauH MIKpOUMPKYNATOPHOro pycna Ha 15,9 % [0CTOBIDHO MEHLLOI y MOPIBHAHHI 3 1-10
rpynot crnocTepexexHs 1a Ha 28,1 % i 57,2 % BIANOBIAHO — 3 3-10 HA LibOMY X TEPMIHI. Y 3-11 rpyni B MiCLSIX BUHUKHEHHS] HEKPO3Y | PYViHy-
BAHHS M’I30BUX BOJIOKOH CGHOPMYBAnacs rpaHynayiiHa TkaHuHa. Havkpalyi pe3ysistatv Oy oTpumari npy BUKOPUCTAHHI NOEAHAHHSA NOJi-
nponineHoBoi citku Ta MCK, Ae 3ahikcoBaHo MoBHE 3HUKHEHHS 3ananbHoi peakLii | yTBOPEeHHs py6LeBoi TkaHuHu. Pe3ynbtatv Ha 10-Ty 406y
Y 4-11 rpyni BKa3ytoTb Ha MEHLLY BIJHOCHY M/10LLY IPaHYNALIAHOI TKAHWHY ¥ 2,5 pasu MOPIBHAHO 3 NEPLIO rpynoto, y 1,3 pasu nopiBHAHO 3
JApyroto rpynok 1a y 2,5 pasis nopiBHAHO 3 TPETLOK) FPYIOK Ta MEHLLY BIAHOCHY MIIOLLY CYAUH MIKDOLUPKYIATOPHOro pycnay 1,8 pasu npotu
nepLwoi rpynu, y 1,3 pasu npotun Apyroi rpynu crnoctepexenns 1ay 1,8 pasis npotu TpeTboi rpynu. BCTaHOB/IEHO, L0 BIJHOCHA NyoLya gibpo-
DETUKYNIAPHOI TKaHuHy 6yna 6inbLuo y 3,2 pasu, 1,2 pasv 1a y 2,3 pasu, BignoBigHo. Cepes KNiTMHHUX e1eMEHTIB Ha 1 MM? Oyna GiflbLuot0
KITIbKICTb hi6P06IACTIB | MEHLLIOK KIIbKICTb HEATPOINIB, L0 CPUAO NOBHOLIHHOMY py6LoBaHHIO. Ha 30-y 406y rpaHynayiiiHa TKaHuHa,
CYAMHY MIKDOUMPKYTIATOPHOIO Pycna 1a NIediKounTY He BU3HAYANCS.

BUCHOBKW. HTpaneputoHeanbHa TPAHCMNAHTALIS ME3EHXIManbHuX CTOBOYPOBUX KIITUH [YNOBUHW JIHOAUHU TIPY NAACTULYI M 'S30B0-
aroHeBPOTUYHOIO 6GHEKTY NepeaHbOI YePEBHOI CTIHKN Y L1y pIB NOJINPONINIEHOBOK CITKOK NOKPALLYE PEreHepawito y AinsHui 3M0oA6/1b0BaH0-
0 JeeKTy 1a crpuse LWBMAKOMY 0r0 3aXXNBJIEHHIO.

KJIOY0BI CJI0BA: v’ 130B0-ar0HeBPOTUYHMI JEQOEKT; MICSA0NepaLiiHi rpyxi; repHionnactuka; Me3eHximasnbHi cToBOYPOBI KIITUHN MynoBu-
HU; TPaHCInaHTaLis KiTnH
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Confocal image of murine hippocampal culture
with transplanted GFP-positive ADSCs.

The immunocytochemical staining of microglial

cells (cyan) and macroglial cells (red).
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