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The aim of the study was to determine the effect of autologous platelet-rich plasma on the processes of regeneration of the

gastric wall in rabbits after experimental gastrotomy. The study was conducted on 62 Chinchilla breed rabbits, which were divid-
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ed into a control group and an experimental group. Animals of the experimental group underwent infiltration of the gastric wall
suture with autologous platelet-rich plasma, whereas animals of the control group received standard therapy. Morphological
changes in gastric tissues were evaluated histologically on the 1st, 3rd, 7th, 10th, 14th, and 21st days after surgery. It was estab-
lished that the use of autologous platelet-rich plasma contributed to a more intensive contraction of the gastric muscular layer at
the early stages of healing, which ensured faster wound closure and a reduction in the effect of gastric juice on the tissues. Ani-
mals of the experimental group exhibited a less pronounced inflammatory reaction, improved blood supply, and active prolifera-

tion of smooth muscle tissue cells. As early as the 7th day, the structure of the muscular and serosal layers in the area of surgical
intervention was similar to that of intact tissues. Complete regeneration of all layers of the gastric wall in animals of the experi-
mental group was observed on the 10th-14th day, whereas in the control group this process was completed only on the 21st day.
The obtained results indicate that the use of autologous platelet-rich plasma significantly accelerates the regenerative processes of the
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gastric wall after gastrotomy and may be an effective method for optimizing postoperative healing in veterinary surgery.
muscle tissue regeneration.

Introduction

The use of blood components is a relevant area of modern veteri-
nary medicine, particularly in the context of stimulating regenerative
processes in the postoperative period. Considerable attention of rese-
archers is focused on autologous platelet-rich plasma, which, due to
the high concentration of biologically active substances, is capable of
modulating tissue healing processes. It has been shown that the use of
platelet-rich plasma in combination with autologous mesenchymal
stem cells of adipose origin provides a positive clinical effect in the
treatment of laminitis in horses, which confirms its significant regene-
rative potential (Malyuk et al., 2023; Malyuk et al., 2024).

Activation of reparative processes in body tissues is a complex
multifactorial phenomenon that is realized with the participation of
various cell populations and signaling molecules. In this regard, du-
ring recent years numerous studies have been conducted using diffe-
rent types of cells and biological agents capable of accelerating the re-
storation of damaged tissues in animals of various species (Labunets
et al., 2022). A special role in the regulation of healing processes is
played by platelets, which, after activation in the area of injury, inter-
act with components of the extracellular matrix and release growth
factors and cytokines, in particular platelet-derived growth factor
(PDGF) and transforming growth factor beta (TGF-f3), which ensure
cell proliferation, angiogenesis, and tissue remodeling (Diegelmann
etal., 2004).

It has been proven that platelet-rich plasma has a positive effect
on the healing of soft tissues precisely due to platelet degranulation
and the release of a complex of growth factors. Owing to this, it is wi-
dely used in the treatment of injuries of tendons, ligaments, muscles,
cartilage tissue, as well as in the early stages of osteoarthritis (Cole
etal., 2010). In addition, the effectiveness of recombinant platelet-de-
rived growth factor (thPDGF-BB) in the therapy of chronic ulcerative
lesions has been established, which confirms the expediency of using
platelet-derived factors to stimulate reparative processes. An advanta-
ge of the use of autologous platelet-rich plasma is its biological safety,

determined by its autologous nature, as well as the possibility of deli-
vering a physiologically balanced complex of growth factors and cy-
tokines directly to the site of injury. At the same time, it has been
established that the individual effects of certain growth factors studied
under in vitro conditions do not always fully reflect their action in vi-
vo, since the realization of regenerative potential requires the syner-
gistic interaction of several signaling molecules (Mishra et al., 2009;
Coleetal., 2010).

Despite a significant number of studies devoted to the use of pla-
telet-rich plasma in pathologies of the musculoskeletal system, the is-
sue of its effect on regenerative processes in the tissues of the digesti-
ve tract, in particular the gastric wall, remains insufficiently studied.
Considering the prevalence of surgical interventions on the organs of
the digestive system in animals (trichobezoar disease, foreign bodies,
inflammatory diseases, neoplasms), the search for effective methods
to optimize postoperative healing is relevant.

In this regard, the aim of the present study was to determine the
effect of autologous platelet-rich plasma on the processes of regenera-
tion of the gastric wall in rabbits after experimental gastrotomy.

Materials and methods

The animals were housed in pairs in boxes with free access to
food and water; treatment with Advocate against ecto- and endopara-
sites was performed, and vaccination was carried out in accordance
with the requirements for the prevention of infectious processes. Ex-
periments on animals were conducted in compliance with the require-
ments of the “General Ethical Principles for Conducting Experiments
on Animals,” approved by the I National Congress on Bioethics (Law
of Ukraine, 2006), and the provisions of the “European Convention
for the Protection of Vertebrate Animals Used for Experimental and
Other Scientific Purposes” (European Convention, 1986), as well as
the Law of Ukraine “On the Protection of Animals from Cruelty”
(Bulletin of the Verkhovna Rada, 2010, 2020). The animals were ap-
proved for use in the study according to the protocol issued by the
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Bioethics Commission of the National University of Life and Envi-
ronmental Sciences of Ukraine (27.10.2020, Protocol No. 80-3).

The study was carried out during 2020-2024 at the Department
of Surgery and Pathophysiology named after Academician I. O. Po-
vazhenko, Faculty of Veterinary Medicine, National University of
Life and Environmental Sciences of Ukraine. In particular, the prepa-
ration of autologous platelet-rich plasma was performed at the Educa-
tional and Research Laboratory “Animal Blood Bank,” while surgical
interventions on the stomach of animals were carried out at the Edu-
cational and Research Laboratory “Electric Welding of Biological
Tissues” of the Department of Surgery and Pathophysiology named
after Academician I. O. Povazhenko. Histological examinations were
conducted at the Department of Anatomy, Histology, and Pathomor-
phology of Animals named after Academician V. H. Kasianenko, Fa-
culty of Veterinary Medicine, National University of Life and Envi-
ronmental Sciences of Ukraine.

Laboratory animals (Chinchilla breed rabbits) were used in the
experiments, in a total number of 62 individuals (males, 8 months of
age, with a body weight of 3.0-3.5 kg). To form two experimental
groups, rabbits of the same age group, body weight, and sex were
selected. All animals underwent quarantine measures, vaccination,
and treatments against ecto- and endoparasites in advance in order to
prevent the influence of infectious and parasitic factors on the health
status of the rabbits. Surgical intervention was performed using an
upper midline laparotomy, with visualization of the stomach, fixation,
and gastrotomy carried out in the area of the greater curvature. After
gastrotomy, the incision site was closed with a Schmieden suture, and
the abdominal wall was closed with an interrupted suture.

To ensure total intravenous anesthesia, Zoletil (Virbac, France)
was used at a dose of 3 mg/kg body weight and Medison (Brovafarm,
Ukraine) at a dose of 0.5 mg/kg body weight, administered as a bolus
intramuscularly. After administration of the drugs, a catheter was pla-
ced in the lateral ear vein for further monitoring and maintenance of
anesthesia. For this purpose, propofol (Lipuro, B. Braun, Germany)
was used at a dose of 6 mg/kg body weight, and anesthesia was main-
tained by a constant-rate infusion of the hypnotic at 1 mg/kg/min. For
analgesia of soft tissues, epidural anesthesia was applied by admin-
istration of a 2% lidocaine solution (Darnytsia, Ukraine) at a dose of
2-4 mg/kg body weight.

Platelet-rich plasma was obtained using a two-step blood centrif-
ugation method. During the first centrifugation, centrifugal force of
160 G was applied for 7 minutes, and the layer of platelet-rich plasma
and leukocytes was collected. The suspension was then centrifuged
again at 500 G for 10 minutes. The supernatant was removed, leaving
1 mL of platelet-rich plasma at the bottom of the tube.

The subject of the study was samples of the gastric wall of Chin-
chilla breed rabbits, which were obtained by surgical intervention
using the upper midline laparotomy method followed by gastrotomy,
with subsequent fixation of the collected biomaterial in a 10% for-
maldehyde solution and further preparation of histological sections.

To study the effect of autologous platelet-rich plasma on the
wound healing process, the rabbits were divided into two groups.
Rabbits of the control group (n = 31) received a classical therapeutic
treatment regimen: antibiotic therapy with Enroxil at a dose of
5 mg/kg body weight once daily for 7 days; the prokinetic drug meto-
clopramide at a dose of 1 mg/kg body weight every 12 hours for
3 days; and for analgesia, the animals received butorphanol at a dose
of 0.1 mg/kg body weight every 6 hours for 7 days. Rabbits of the
experimental group (n = 31) received infiltration of the gastric wall
suture at the site of gastrotomy with autologous platelet-rich plasma,
as well as the classical treatment regimen, which included antibiotic
therapy with Enroxil at a dose of 5 mg/kg body weight once daily for
7 days; administration of the prokinetic agent metoclopramide at a
dose of 1 mg/kg body weight every 12 hours for 3 days; and for anal-
gesia, the animals received butorphanol at a dose of 0.1 mg/kg body
weight every 6 hours for 7 days.

Animals were withdrawn from the experiment in groups of five
after sampling of material for histological examination by performing
euthanasia via intravenous administration of sodium thiopental at a
dose of 1 g per animal.
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Results

It was established that in rabbits of the control group on the 1st
day after defect creation, the site of the experimentally created wound
was closed due to contraction of the muscular layer of the gastric
wall. In the area of the created wound, the muscular layer during this
observation period formed numerous folds, as a result of which it be-
came significantly thickened. Near the outer surface of the gastric
wall, small partially destroyed fragments of the muscular layer were
detected (Fig. 1a).

The muscular layer of the stomach, externally gathered into folds
in the area of the experimentally created wound, was locally covered
by a markedly thickened serous membrane. At the same time, the
mesothelium on the surface of the serous membrane was absent.
Instead, the subserous layer was markedly thickened due to edema,
hemorrhages, and infiltration by a large number of inflammatory cells
(Fig. 1b). Inflammatory cells in the subserous layer were represented
by a large number of eosinophils, segmented neutrophils, and mono-
cytes, as well as single lymphocytes. In addition, destruction and lysis
of fibroblasts and lysis of bundles of collagen fibers were recorded in
this area (Fig. 1c). Changes in the outer layer of the muscular coat at
the site of the experimentally created wound on the 1st day were
uneven. In some areas, pronounced infiltration by inflammatory cells
was recorded, whereas in other areas only slight edema of this layer
and granular degeneration of smooth muscle cells were detected, and
infiltration by inflammatory cells was absent. In the areas of inflam-
matory cell infiltration, granular degeneration of smooth muscle cells,
as well as disintegration and lysis of smooth muscle cells, were estab-
lished (Fig. 1d). Among the inflammatory cells, a large number of
lymphocytes were detected.

Changes in the middle and inner layers of the muscular coat at the
site of the experimentally created wound on the 1st day were general-
ly similar to those observed in its outer layer. However, in some areas,
foci of muscle tissue necrosis were detected. Closer to the submucosa,
between the folds of the muscular coat, during this observation period
partially and completely necrotized fragments of the muscular and
mucosal layers, as well as partially necrotized and partially lysed frag-
ments of the submucosa, were identified (Fig. 1€). Near the site of the
experimentally created wound on day 1 in rabbits of the control gro-
up, a large number of relatively large hemorrhages in the muscular
layer were recorded (Fig. 1f). The serous membrane was unchanged.

In the submucosa at the site of the experimentally created wound
on the 1st day, connective tissue elements (fibroblasts and bundles of
collagen fibers) were almost completely lysed. Only remnants of thin
bundles of collagen fibers and single fibroblasts at various stages of
lysis were detected. In this part of the gastric wall, numerous large
hemorrhages and infiltration by a large number of inflammatory cells
were also recorded. Among the inflammatory cells, monocytes and
segmented neutrophils predominated, among which single eosino-
phils and lymphocytes were detected (Fig. 2a).

Near the site of the experimentally created wound, the submucosa
of the gastric wall contained numerous large hemorrhages and was
infiltrated by the same inflammatory cells as directly at the site of the
experimentally created wound. However, the connective tissue of the
submucosa adjacent to the site of the experimentally created wound
was noticeably better preserved — relatively large fragments compo-
sed of fibroblasts and bundles of collagen fibers were detected in this
area (Figs. le, 2b).

At the lateral margins of the experimentally created wound du-
ring this observation period, large hemorrhages were detected in the
mucosal layer, and the mucosa itself at the edges of the defect was
destroyed and necrotized (Fig. 2c).

Beyond the zone of destruction and necrosis, edema and hemor-
rhages were recorded in the mucosal layer (Fig. 2c, 2d). Foveolar
cells of the neck region of many fundic glands of the stomach were
destroyed. In the upper regions of the fundic glands, foci of destruc-
tion of all cell types were also observed. In the deeper parts of the
fundic glands, granular degeneration and destruction of chief and
parietal cells were detected (Fig. 2d). Some of the chief and parietal
cells were desquamated into the lumen of the glands (Fig. 2e). In iso-
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lated epithelial cells of the gastric pits, chromatin margination was
observed, which, according to current concepts, is a precursor of cell
death.

In some areas, loosening and partial lysis of the basement mem-
brane of the epithelium of the gastric pits were also observed. In such
areas, a pronounced subepithelial edema was detected (Fig. 2f).

Fig. 1. Histological changes of the gastric wall of rabbits of the control group on the 1st day after gastrotomy (Carazzi’s hematoxylin and eosin):
a— outer part of the fold of the muscular layer at the site of the experimentally created wound; b — serous membrane of the stomach in the area of
the experimentally created wound; ¢ — cellular composition of the inflammatory infiltrate of the serous membrane; d — outer layer of the muscular

coat infiltrated with inflammatory cells; e —fold of the muscular layer with necrotized fragments of the mucosal layer and the submucosa; f—
fragment of the fold of the gastric wall adjacent to the site of the experimentally created wound; 1 —thickened serous membrane; 2 — outer layer
of the muscular coat without serous covering; 3 —infiltration by inflammatory cells; 4 — edema and granular degeneration of smooth muscle cells;

5 — area of destruction of the muscular coat; 6 — fragment of the muscular coat outside the gastric wall; 7 —hemorrhage; 8 — cellular infiltration;
9 —edema; 10 —absence of mesothelium; 11 —eosinophil; 12 — segmented neutrophil; 13— monocyte; 14 — lymphocyte; 15 — lysis of fibroblast;
16 — lysis of bundles of collagen fibers; 17 — granular degeneration of smooth muscle cells; 18 — disintegration of smooth muscle cells; 19 — lysis

of smooth muscle cells; 20 —inflammatory cells; 21 — fold of the muscular layer; 22 —infiltration of the muscular layer; 23 —edema of the mus-

cular layer; 24 — necrotized fragment of the mucosal layer; 25 — partially necrotized and lysed fragment of the submucosa; 26 — submucosa;
27 —hemorrhages in the muscular layer; 28 —hemorrhage in the submucosa; 29 — muscularis mucosae; 30 — mucosal layer

On the 3rd day after defect creation in rabbits of the control
group, the site of the experimentally created wound was still closed
by the muscular layer, which, however, was already covered by an
unchanged serosal layer (Fig. 3a).

During this observation period, the serosal layer had already ac-
quired its characteristic microscopic structure. In the muscular layer,
which formed much smaller folds than on the 1st day, small isolated
hemorrhages and accumulations of inflammatory cells were still ob-
served; however, at this stage of observation, most of these cells were
at various stages of destruction, which indicated the completion of the
inflammatory process in the muscular layer of the gastric wall
(Fig. 3b). Near the defect site, edema of the muscular layer and the
presence of isolated foci of destroyed smooth muscle cells were still
preserved. However, pronounced proliferation of smooth muscle cells
was already recorded, which documented the processes of intensive
restoration of the muscular layer of the gastric wall at the site of the
experimentally created wound (Fig. 3c).

At the site of the created wound, the submucosal layer, the mus-
cularis mucosae, and the mucosal layer itself were absent (Fig. 3d).
Adjacent to the damaged area, hemorrhages and accumulations of in-
flammatory cells were still observed in the submucosal layer. How-
ever, at this stage of observation, proliferation of fibroblasts was alrea-
dy detected in the submucosal layer, which indicated the initiation of
regenerative processes (Fig. 3e). At the same time, fragments of ne-
crotized mucosal layer were detected in the submucosal layer near the
defect site of the gastric wall (Fig. 3f), which indicated incomplete
cleansing of the experimentally created wound on the 3rd day.

Microscopic changes in the muscularis mucosae and in the gas-
tric pits adjacent to the site of the experimentally created wound were
similar to those observed at the previous observation period.

On the 7th day in rabbits of the control group, restoration of the
submucosal layer was already observed at the site of the experimen-
tally created wound. However, the defect still extended to the muscu-
laris mucosae and the mucosal layer. At the same time, formation of
the submucosal layer was already taking place, but edema was detec-
ted in the mucosal layer adjacent to the defect (Fig. 4a).

The muscular layer directly beneath the submucosal layer was
still edematous. Hemorrhages and significant accumulations of in-
flammatory cells were recorded in the submucosal layer. Along with
this, newly formed bundles of collagen fibers were detected; howev-
er, they still had markedly variable thickness and orientation and were
arranged in a disorganized and uneven manner (Fig. 4b).

On the 10th day, in rabbits of the control group, the muscular la-
yer, submucosal layer, and muscularis mucosae at the site of the ex-
perimentally created wound were already completely restored. How-
ever, the muscularis mucosae at the defect site was hypertrophied and
directly at the site of the created wound formed two layers, which in-
dicated a hyperergic (excessive) regenerative response (Fig. 4c).

Directly at the site of the created wound, a relatively deep defect
was still observed in the mucosal layer; however, above the muscu-
laris mucosae, intensive formation of the mucosal layer was noted
(Fig. 4c), which was characterized by pronounced proliferation of all
types of epithelial cells of the gastric pits (Fig. 4d). On the 14th day,
the muscularis mucosae at the site of the experimentally created
wound remained unevenly thickened. The newly formed mucosal
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layer had not yet formed clearly defined gastric pits, contained cavi-
ties, and necrotized tissue was detected on its surface. At the sides of
the defect site, hemorrhages were detected; however, proliferation of
foveolar cells and the initial stages of formation of the necks of fundic

glands were already recorded (Fig. 4d, 4€). Only on the 21st day was
complete restoration of all layers of the gastric wall recorded at the site
of the experimentally created wound (Fig. 4).

Fig. 2. Histological changes in the gastric tissues of a rabbit from the control group on the 1st day after gastrotomy (Carazzi’s hematoxylin and
eosin): a—submucosal layer of the gastric wall at the site of the experimentally created wound; b —submucosal layer of the gastric wall adjacent
to the site of the experimentally created wound; ¢ — mucosal layer of the gastric wall adjacent to the site of the experimentally created wound;
d—mucosal layer with signs of dystrophic changes in the cells of the gastric pits; e —middle part of the fundic gland of the stomach adjacent to
the site of the experimentally created wound; f — mucosal layer with disruption of the integrity of the basement membrane; 1 — eosinophil;

2 —segmented neutrophil; 3— monocyte; 4 — lymphocyte; 5 — destruction of a fibroblast; 6 —almost completely lysed bundles of collagen fibers;
7 —hemorrhage; 8 —inflammatory cells; 9 — fibrablasts and bundles of collagen fibers; 10 — submucosal layer; 11— granular degeneration of the
muscularis mucosae; 12 — destroyed fragments of the mucosal layer; 13 —edema and partial destruction of the mucosal layer; 14 — granular de-
generation of chief cells of the gastric pit; 15— granular degeneration of parietal cells; 16 — destruction of chief cells; 17 — destruction of a parietal
cell; 18 —loosening and partial lysis of the basement membrane; 19 — subepithelial edema

It was established that in rabbits of the experimental group, on the
1st day, the site of the experimentally created wound was closed due
to contraction of the muscular layer of the gastric wall, as a result of
which the muscular layer formed numerous folds during this period
of observation (Fig. 5a).

However, in contrast to rabbits of the control group, no changes
were detected on the part of the serosal layer of the gastric wall. In the
muscular layer, unlike animals of the control group, no disintegration
and lysis of smooth muscle cells or foci of muscle tissue necrosis
were observed. In addition, no fragments of other layers of the gastric
wall were detected between the folds of the muscular layer. In our
opinion, this indicates that in animals treated with autologous platelet-
rich plasma, more rapid and intensive contraction of the muscular
layer occurred, resulting in faster closure of the experimentally crea-
ted wound. This is also confirmed by the less pronounced inflamma-
tory response in this layer and the absence of eosinophils among
inflammatory cells, which indicates the absence of a significant effect
of gastric juice on the muscular layer.

It should also be emphasized that during the application of autol-
ogous platelet-rich plasma, in contrast to rabbits of the control group,
dilated blood vessels filled with blood were detected in the muscular
layer in the area of the experimentally created wound during this ob-
servation period (Fig. 5b). This allows the conclusion that autologous
platelet-rich plasma stimulates blood supply at the site of the gastric

wall defect. In addition, unlike rabbits of the control group, hemor-
rhages in the muscular layer near the experimentally created wound on
the 1st day were not recorded in animals of the experimental group.
The folds of the muscular layer tightly entered the experimentally creat-
ed defect of the mucosal layer. It should be emphasized that the size of
the mucosal defect in rabbits of the experimental group (Fig. 5b, 5¢)
was noticeably smaller than in rabbits of the control group. This fact,
together with the observation that fragments of necrotized and partial-
ly lysed mucosal tissue during the application of autologous platelet-
rich plasma were detected only in the upper parts of the experimental-
ly created defect, also confirms more rapid and intensive contraction
of the muscular layer with correspondingly faster closure of the ex-
perimentally created wound in animals of the experimental group.

Near the experimentally modeled wound on the 1st day, small
foci of lysis of the submucosal layer were recorded (Fig. 5b), which,
in our opinion, was caused by the action of gastric juice. In the incom-
pletely lysed submucosal layer, lysis of many fibroblasts and some
bundles of collagen fibers was observed, as well as small focal infil-
trates of inflammatory cells, predominantly monocytes (Fig. 5d).
The mucosal layer at the site of the experimentally created wound
was absent on the 1st day (Fig. 5b). Near the experimentally created
wound on the 1st day, large hemorrhages and necrosis and destruction
of the mucosal layer were recorded, as was observed in animals of the
control group.
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Fig. 3. Histological examination of gastric tissues of animals from the control group on the 3rd and 7th days (Carazzi’s hematoxylin and eosin):
a— gastric wall at the site of the experimentally created wound on the 3rd day with formation of the defect zone and reduction of the folds of the
muscular layer; b —muscular layer with signs of edema, granular dystrophy, and foci of destruction of smooth muscle cells; ¢ — submucosal layer
adjacent to the defect site with hemorrhages, cellular infiltration, and proliferation of fibroblasts; d — submucosal layer with fragments of ne-
crotized gastric pits; e — gastric wall on the 7th day with a defect extending to the submucosal layer and edema of the mucosal layer; f— submu-
cosal layer in the zone of the experimentally created wound with hemorrhages, cellular infiltration, and newly formed bundles of collagen fibers;
1—inflammatory cells in the muscular layer; 2 —hemorrhage in the muscular layer; 3 —defect zone of the gastric wall extending to the muscular
layer; 4 —unchanged serosal layer; 5 —reduction of the muscular layer fold; 6 —edema; 7 — granular dystrophy of smooth muscle cells; 8 — focus
of destroyed smooth muscle cells; 9 — proliferation of smooth muscle cells; 10 — hemorrhage; 11 —inflammatory cells; 12 — proliferation of fibro-
blasts; 13 — fragment of a necrotized gastric pit (indicated by an arrow); 14 — muscular layer; 15— submucosal layer; 16 — muscularis mucosae;
17 — defect zone of the gastric wall extending to the submucosal layer; 18 — newly formed bundle of collagen fibers

=
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Fig. 4. Histological changes of the gastric tissues of rabbits of the control group on the 10th, 14th, and 21st days after gastrotomy (Carazzi’s he-
matoxylin and eosin): a — gastric wall at the site of the experimentally created wound on the 10th day; b — formation of the gastric mucosal layer
in the area of the experimentally created wound on the 10th day; ¢ — gastric wall at the defect site on the 14th day; d — upper region of the gastric
mucosa adjacent to the defect site on the 14th day; e — gastric wall at the site of the experimentally created wound on the 21st day; f—fold of the
gastric muscular layer at the site of the experimentally created wound with the application of platelet mass on the 1st day; 1 — unchanged submu-

cosal layer; 2 — hypertrophied muscularis mucosae; 3 — duplicated muscularis mucosae; 4 — defect zone of the gastric wall; 5 — newly formed
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mucosal layer at the defect site; 6 — proliferation of chief and accessory cells; 7 — proliferation of parietal cells; 8 — unevenly thickened muscularis
mucosae; 9 —newly formed mucosal layer; 10 — cavity within the newly formed mucosal layer; 11 —hemorrhage; 12 — proliferation of foveolar
cells; 13 — fresh hemorrhage; 14 — mucosal layer; 15 — muscularis mucosae; 16 — submucosal layer; 17 — bundles of collagen fibers; 18 — muscu-
lar layer; 19 — granular dystrophy of smooth muscle cells; 20 — infiltration of the muscular layer by inflammatory cells; 21 — edema of the muscu-
lar layer; 22 — submucosal layer; 23 —lumen of the abdominal cavity between folds of the gastric wall

Instead, edema of the stroma of the gastric pits, microhemorrha-
ges, and granular dystrophy of epithelial cells of all types were detec-
ted (Fig. 5€). In addition, small fragments of necrotized mucosal tissue
were recorded in the gastric mucosa near the experimentally created
wound. Near such fragments, destruction of the apices of gastric pits
and hemorrhages into the mucosal layer were observed (Fig. 5f).
At some distance from the wound, slight destruction of the apices of
gastric glands and hemorrhages were also recorded, mainly in the
upper region of the gastric glands (Fig. 6a).

Thus, when autologous platelet-rich plasma was applied, the mic-
roscopic changes observed near the site of the experimentally created
wound on the 1st day differed from those in animals of the control
group at the same observation period. It should be noted that in ani-
mals of the experimental group, massive destruction of epithelial
cells, desquamation of chief and parietal cells into the lumen of the
fundic glands, as well as loosening and partial lysis of the basal mem-
brane of the epithelium of gastric pits were not recorded at the site of
the modeled gastric defect.

autologous platelet-rich plasma (Carazzi’s hematoxylin and eosin): a — fold of the muscular layer of the stomach at the site of the experimentally

created wound with signs of granular dystrophy of smooth muscle cells and hemorrhage; b — submucosal layer adjacent to the site of the experi-

mentally created wound with lysis of collagen fibers and fibroblasts and accumulation of monocytes; ¢ — mucosal layer immediately adjacent to
the site of the experimentally created wound with edema of the stroma of gastric pits, hemorrhages, and granular dystrophy of epithelial cells;

d —gastric wall at the site of the experimentally created wound with a defect of the mucosal and submucosal layers, granular dystrophy of smooth
muscle cells, and foci of tissue lysis; e — gastric wall at the site of the experimentally created wound with visualization of the fold of the muscular
layer, submucosal layer, and mucosal layer; f — mucosal layer adjacent to the site of the experimentally created wound with destruction of the
apices of gastric pits, hemorrhages, and necrotized fragments of the mucosal layer; 1 — dilated blood vessels filled with blood; 2 — granular dys-
trophy of smooth muscle cells; 3 —lysis of collagen fiber bundles; 4 —lysis of a fibroblast; 5 —accumulation of monocytes; 7 — hemorrhage;

8 —granular dystrophy of epithelial cells of all types; 9 — gastric lumen; 10 — mucosal layer; 11 —fold of the muscular layer covered by the sub-
mucosal layer within the defect of the mucosal and submucosal layers; 12 — focus of lysis of the submucosal layer; 13 — fragment of necrotized
and partially lysed mucosal layer; 14 —fold of the muscular layer; 15 — submucosal layer; 16 — muscularis mucosae; 17 —mucosal layer;

18 —destruction of the apices of gastric pits

On the 3rd day after the application of autologous platelet-rich
plasma, the folds of the muscular layer in the area of the experimen-
tally created wound, as in animals of the control group, were noticea-
bly smaller. In the muscular layer, small foci of hemorrhage and ne-
crosis of smooth muscle cells were still detected, and a significant
proportion of these muscle cells were in a state of granular dystrophy.
However, as in animals of the control group, foci of regeneration of
smooth muscle tissue were observed in the muscular layer at this
observation period (Fig. 6b). However, in contrast to animals of the
control group, such regeneration was markedly more intense and was
characterized by the formation of a large number of still immature
smooth muscle cells against the background of pronounced hypere-
mia, which indicated restoration and a significant enhancement of
blood circulation in this layer of the gastric wall (Fig. 6¢).

The defect at the site of the experimentally created wound in rab-
bits of the experimental group was less deep than in animals of the

control group: at the site of the experimentally created wound at this
observation period, the submucosal layer and the muscularis mucosae
had already been formed, and the initial stages of regeneration of the
mucosal layer were recorded (Fig. 6d). However, the submucosal
layer had not yet acquired a normal structure and was represented by
thick, irregularly arranged bundles of collagen fibers and contained
numerous foci of fibroblast proliferation (Fig. 6e).

The muscularis mucosae in the area of the defect still had uneven
thickness (Fig. 6d), and its smooth muscle cells were in a state of gra-
nular dystrophy. In some areas, hemorrhages were detected beneath
the muscularis mucosae (Fig. 6f).

In the area of the gastric wall defect, the initial stages of mucosal
layer formation were also recorded in the form of intensive proliferati-
on of cambial cells of the mucosal layer and the onset of gastric pit
formation (Fig. 6d, 7a).
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Fig. 6. Histological changes in gastric tissues of rabbits of the experimental group on the 3rd day after gastrotomy with the application of autolo-
gous platelet-rich plasma (Carazzi’s hematoxylin and eosin): a — gastric mucosa adjacent to the site of the experimentally created wound with
signs of destruction of the apices of gastric pits and hemorrhages; b — muscular layer at the site of the experimentally created wound with foci of
necrosis, granular dystrophy, and regeneration of smooth muscle cells; ¢ — muscular layer in the zone of the experimentally created wound with
newly formed muscle fibers and intensive proliferation of smooth muscle cells; d —site of the experimentally created wound with formation of
the submucosal layer, muscularis mucosae, and initial stages of mucosal regeneration; e — submucosal layer in the zone of the experimentally
created wound with fibroblast proliferation and irregularly arranged bundles of collagen fibers; f — muscularis mucosae at the site of the experi-
mentally created wound with signs of granular dystrophy, hemorrhages, and formation of gastric pits; 1 — destruction of the apices of gastric pits;
2 —hemorrhage; 3 — necrotized smooth muscle cells; 4 — regeneration of the muscular layer; 5 — granular dystrophy of smooth muscle cells;
6 —newly formed muscle fiber; 7 —blood capillary; 8 — intensive proliferation of smooth muscle cells; 9 — submucosal layer; 10 — muscularis
mucosae; 11— onset of mucosal formation; 12 — mucosal layer adjacent to the site of the defect; 13 — fragment of necrotized mucosal layer;
14 —fibroblast proliferation; 15 —thick, irregularly arranged bundles of collagen fibers; 16 — proliferation of cambial cells
of the mucosal layer; 17 — formation of a gastric pit

Near the site of the defect, later stages of mucosal regeneration
were observed, which were characterized not only by intensive prolif-
eration of cambial cells of the mucosal layer but also by the formation
of gastric pits that already formed a sufficiently thick mucosa. How-
ever, at this observation time these newly formed gastric pits were
still covered with undifferentiated epithelium (Fig. 7a). Thus, in rab-
bits of the experimental group treated with autologous platelet-rich
plasma, the microscopic changes on day 3 also differed from those in
rabbits of the control group at the same observation time. Cessation of
the inflammatory process in all layers, more intensive regeneration of
the damaged gastric wall, as well as restoration and intensification of
blood circulation in the muscular layer were recorded.

On day 7, in animals of the experimental group, in the area of the
experimentally created wound, the microscopic structure of the serous
and muscular layers of the gastric wall did not differ from that of in-
tact animals, which indicates their complete restoration. The muscula-
ris mucosae was also already formed; however, in the area of the
defect it was unevenly thickened (Fig. 7a). At the site of the defect, di-
rectly beneath and above the muscularis mucosae, numerous hyper-
trophied lymphoid nodules were detected at this observation time
(Fig. 7b), indicating significant activation of the immune system in
the stomach. The mucosal layer was already fairly well formed, alt-
hough not completely. Areas of defect surrounded by newly formed
mucosa were detected. However, in this newly formed mucosa, small
gaps between gastric pits were occasionally observed (Fig. 7b). In the
mucosal layer itself, intensive proliferation of chief and accessory
cells was recorded (Fig. 7c), as well as intensive proliferation of fove-
olar cells, which was accompanied by the formation of the necks of
fundic glands. Unlike animals of the control group, in animals of the
experimental group the muscular layer and the submucosal layer at
this observation time were fully formed and, in their microscopic
structure, did not differ from the corresponding layers of the gastric
wall of intact rabbits.

On day 10, in animals of the experimental group, in the area of
the experimentally created wound, the microscopic structure of the
muscular layer, submucosal layer, and muscularis mucosae of the
gastric wall did not differ from that of intact animals, which indicates
their complete restoration.

Unlike rabbits of the control group, in rabbits of the experimental
group the mucosal defect was no longer detected, and at the site of the
experimentally created wound only a slight thinning of the mucosal
layer and the presence of necrotized tissues on its surface were recor-
ded; however, directly beneath them the necks of fundic glands were
already formed (Fig. 7d). The epithelium of the body of the fundic
glands at this observation time in the area of the experimentally crea-
ted wound did not differ in structure from that of intact animals. Fully
formed parietal, accessory, and chief cells were clearly differentiated
here (Fig. 7e).

Discussion

The histological studies conducted indicate that the use of autolo-
gous platelet-rich plasma provides faster closure of the experimentally
modeled gastric wall wound due to more intensive and earlier con-
traction of the muscular layer. This leads to a reduction in the duration
and intensity of the action of gastric juice on the serosal and muscular
layers; as a result, an inflammatory reaction does not develop in the
serosal layer, and in the muscular layer it is of significantly lower in-
tensity. Importantly, an allergic component of the inflammatory reac-
tion was not detected in the animals of the experimental group.

It was established that the use of autologous platelet-rich plasma
stimulates blood supply in the area of the gastric wall defect, creating
favorable conditions for the activation of reparative processes and
acceleration of tissue regeneration. Enhancement of local microcircu-
lation and angiogenesis when using PRP is associated with the release
of platelet-derived growth factors, in particular PDGF, VEGF, and
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TGF-B, which play a key role in cellular proliferation and the for-
mation of the regenerative matrix (Marx, 2004; Andia & Abate, 2013;
Xu et al., 2020). Complete regeneration of all layers of the gastric
wall in animals of the experimental group was recorded on day 14,
whereas in rabbits of the control group similar morphological signs of
recovery were observed only on day 21.

In general, autologous platelet-rich plasma demonstrates signifi-
cant potential in regenerative medicine. At the same time, the comple-
xity of tissue repair processes determines the limited effectiveness of
traditional transplantation methods, which makes regenerative medi-
cine and tissue engineering promising alternative therapeutic approa-
ches (Papadimitriou et al., 2020).
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Fig. 7. Histological changes in the gastric tissues of rabbits of the experimental group on days 3-14 after gastrotomy with the use of autologous
platelet-rich plasma (Carazzi’s hematoxylin and eosin): a — gastric mucosa adjacent to the site of the experimentally created wound on day 3,
with proliferation of cambial cells and formation of newly formed gastric pits; b — gastric wall at the site of the experimentally created wound on
day 7, with a fully formed submucosal layer, unevenly thickened muscularis mucosae, and hypertrophied lymphoid nodules; ¢ — middle part of
the gastric mucosa in the area of the experimentally created wound on day 7, with intensive proliferation of chief, parietal, and accessory cells;
d —gastric wall at the site of the experimentally created wound on day 10, with a fully formed muscular layer, submucosal layer, and muscularis
mucosae, and remnants of necrotized mucosal tissue; e — middle part of the gastric mucosa at the site of the experimentally created wound on day
10, with fully differentiated cells of the fundic glands; f — gastric wall at the site of the experimentally created wound on day 14, with completely
restored histological structure; 1 — proliferation of cambial cells of the mucosa; 2 — newly formed gastric pit covered with undifferentiated epithe-
lium; 3— submucosal layer (unchanged); 4 —unevenly thickened muscularis mucosae; 5 — hypertrophied lymphoid nodules; 6 — site of the muco-
sal defect; 7 —newly formed gastric pits; 8 —space between gastric pits; 9 — parietal cell; 10— proliferation of chief cells; 11 — proliferation of
accessory cells; 12 — mucosa; 13 — neck of the fundic gland; 14 — necrotized mucosa; 15 — muscularis mucosae; 16 — submucosal layer;

17 —muscular layer; 18 —accessory cell; 19 — chief cells; 20 — bundles of collagen fibers

Platelet-rich plasma (PRP) contains a wide range of bioactive
molecules and cytokines that participate in the modulation of inflam-
mation and the stimulation of cell migration and proliferation. Experi-
mental studies in goat and sheep models have demonstrated the abil-
ity of PRP to accelerate tissue healing, reduce inflammatory reactions,
and improve the quality of the formed regenerate, confirming its
translational potential in veterinary medicine (Sharun et al., 2024;
Gallo et al., 2020).

A systematic review by Geropoulos et al. (2021), which included
18 experimental studies with a total sample of 712 animals, showed
the absence of postoperative complications after the use of platelet-
rich plasma. This is consistent with data on the safety and biocompat-
ibility of autologous platelet concentrates, which are actively imple-
mented in veterinary practice to stimulate regenerative processes in
the postoperative period (Everett et al., 2021; Malyuk et al., 2024).

Despite numerous positive results, the use of PRP has a number
of limitations. The main problem remains the lack of standardized
protocols for its preparation and administration, including centrifuga-
tion parameters, platelet concentration, and activation methods, which
complicates the comparison of results between different studies (Ma-
galon et al., 2020; Smith et al., 2022). Therefore, further experimental
studies should be aimed at optimizing PRP application schemes,
taking into account the type of tissue and the nature of the injury.

In veterinary medicine, PRP is also widely used in the treatment
of wounds, orthopedic pathologies, and degenerative changes, de-
monstrating a positive effect on the overall condition of animals and
the rate of recovery (Wang et al., 2022). Similar effects have also
been described in human dentistry and orthopedics, where the use of
PRP and PRF promotes regeneration of bone and soft tissues and sho-
rtens healing times (Zanirati et al., 2021; Petrosyan et al., 2022; Egier-
ska et al., 2023; Giammarinaro et al., 2025; Mastrogiacomo et al.,
2025). Thus, the results of the conducted experiment confirm that au-
tologous platelet-rich plasma activates regenerative processes in the
gastric wall, reduces the intensity of the inflammatory reaction, and
significantly shortens healing times after surgical injury. This substan-
tiates the feasibility of further studies aimed at standardizing protocols
and expanding the clinical application of PRP in veterinary surgery.

Conclusion

Based on the results of the histological study, it was established
that the use of autologous platelet-rich plasma promotes the accelera-
tion of regenerative processes in the gastric wall of rabbits after gast-
rotomy. At the early stages of healing, active contraction of the mus-
cular layer of the stomach was observed, which ensured faster closure
of the wound defect and reduced the negative effect of gastric juice on
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the damaged tissues. This was accompanied by a less pronounced in-
flammatory reaction.

In rabbits of the experimental group, on the 3rd day after gastro-
tomy, intensive regeneration of smooth muscle tissue was observed,
which was combined with improved blood supply in the area of inju-
ry. The influence of platelet-derived growth factors contributed to the
activation of cellular proliferation, the formation of new structures of
the gastric mucosa, and the restoration of gastric glands. As early as
the 7th day, the structure of the muscular and serosal layers in the area
of surgical intervention was similar to that of intact tissues, indicating
their functional recovery.

On days 10-14, rabbits of the experimental group demonstrated
complete regeneration of all layers of the gastric wall, whereas in ani-
mals of the control group the healing process continued until day 21.
The obtained results confirm that the use of autologous platelet-rich
plasma ensures an intensive course of regenerative processes and pro-
motes restoration of the gastric wall tissues without the development
of complications.

The authors declare the absence of any conflict of interest.
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