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Background. The stages of wound healing following surgery are generally consistent, but immune responses
and increased inflammation can delay the normal healing process. As a result, additional support is crucial.
Perfusion plays an important role in accelerating skin wound healing, and the saliva of medicinal leeches has
been shown to enhance this process.

Objective. To evaluate the effect of the medicinal leech Hirudo verbana on the morphological changes in an
excisional wound.

Methods. An excisional wound was created in the interscapular region of animals in both the control and
experimental groups. In the experimental groups, one medicinal leech was applied on days 1, 3, 7, and 14.
Tissue samples from the wound edge were collected immediately after leech application, and then at days 3, 7,
14, and 30 during the healing process. These samples were processed using standard histological techniques.
Results. In the experimental group, intensive formation of granulation tissue was observed as early as day 3,
compared to the control group. An increase in the thickness of the papillary layer, which was vascularized and
supported epidermal nutrition, was noted in the experimental group at almost all time points. This may have
contributed to enhanced proliferation processes, an increase in the number of hair follicles and sebaceous
glands, and a reduction in scar size. On day 3, the number of leukocytes decreased, signaling a reduction in
inflammation compared to the control group. By day 7, a significant reduction in subcutaneous tissue and
the areas of hair follicles and sebaceous glands was observed, suggesting an increase in basal metabolic activity.
Conclusions. The complex of biologically active substances from the medicinal leech Hirudo verbana positively
affects the processes of reparative regeneration in excisional wounds, accelerating all stages of wound healing.
It significantly increases the number of newly formed hair follicles and blood vessels, directly indicating the

regenerative properties of these substances.
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Introduction

The skin is the largest organ of the human
and animal body, serving as a barrier against the
external environment and its harmful factors, while
also playing a critical role in the immune system.
A wound is a physical injury that results in a rup-
ture or disruption of the skin's integrity. Wound
healing is a physiological process necessary for
maintaining the integrity and function of the skin
or tissues by repairing defects that may occur due
to accidents, injuries, illnesses, or surgeries [1—12].

The healing process begins immediately after
an injury and involves a complex, well-organized
interaction between different tissue types and cells.
Normal healing of skin wounds consists of three
interconnected stages: the inflammatory, prolifera-
tive, and remodeling phases [11, 13—16]. The in-
flammatory stage is characterized by the involve-
ment of leukocytes, such as neutrophils and ma-

crophages, at the wound site. During the prolifera-
tive phase, the migration and proliferation of kera-
tinocytes, fibroblasts, and endothelial cells lead to
re-epithelialization and granulation tissue formation.
In the remodeling phase, excess collagen at the
wound site is broken down by various proteolytic
enzymes, completing tissue repair [11, 14, 17, 18].

Although the stages of wound healing follow-
ing surgery are similar to those of other wounds,
immune responses and increased inflammation in
the body can delay the normal healing process.
Therefore, additional support is crucial [18—23].
Furthermore, perfusion is a key factor in accelerat-
ing skin wound healing, and the saliva of medicinal
leeches (ML) has been shown to enhance perfu-
sion. Hirudotherapy the use of ML is one of the
most effective and natural methods for supporting
wound healing, as ML contain more than 100 bio-
logically active substances (BAS) with a wide range
of therapeutic effects [17, 24—32]. Due to these
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properties, ML are beneficial for post-traumatic
wounds, such as those occurring during replanta-
tion of amputated tissues or plastic surgery [17, 18,
30—33]. They can also be used to treat chronic
non-healing wounds, such as diabetic foot ulcers,
pressure sores, and venous leg ulcers, as demon-
strated experimentally [31—34].

Studies in rats and mice have shown that ML
can reduce necrosis by improving blood flow in the
bite area and enhance the wound healing process.
Species such as Hirudo orientalis and Hirudo medi-
cinalis have been shown to accelerate the healing of
primary incised skin wounds in rats within 24 hours
after surgery [17, 18, 35, 36]. In a mouse model,
the use of ML was found to reduce necrosis and
increase the survival rate of heart flaps to an aver-
age of 88%, compared to the control group [17].
Additionally, our previous studies and those of other
researchers have demonstrated the effectiveness of
hirudotherapy in restoring organs, both under nor-
mal conditions and after traumatic injuries. For
example, in the early stages of human ear wound
healing, the use of ML has been shown to promote
signs of adequate revascularization, and at later sta-
ges, complete revascularization is observed [17, 18].
Our earlier findings also revealed positive physio-
logical and reparative regeneration of the thymus
and spleen in rats treated with ML or their water-
salt extract [24—29]. ML are also widely used to
address venous congestion; for example, they can
support venous drainage and revascularization of a
reimplanted lip.

As a result, lip reimplantation proceeds with-
out complications [37]. In cases of nasal fractures,
the flap used remains infection-free and viable
throughout treatment. In surgical reimplantation of
fingers, even in cases of gangrene, pain and necro-
sis are reduced [38]. In a case of a persistent, non-
healing, large ulcer on the lower leg, caused by
scratching after a mosquito bite, hirudotherapy
promoted the rapid appearance of healthy granula-
tion tissue, leading to fast wound healing [17]. The
combination of Pongamia pinnata bark and hirudo-
therapy has been shown to accelerate the healing
of large ulcerative wounds and reduce pain [39]. In
necrotizing ulcers associated with systemic sclero-
derma, leech therapy resulted in quick and comp-
lication-free wound healing [17, 40]. In diabetic
ulcers, the use of leeches has been observed to in-
crease vascularization and reduce wound conges-
tion, leading to the disappearance of necrotic tissue
and rapid wound healing [34, 41].

Given the broad therapeutic effects of ML, it
is hypothesized that ML may accelerate wound
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healing by secondary intention. Therefore, it be-
came relevant to study the effect of Hirudo verbana
on the morphological changes in an incised wound.

Materials and Methods

The primary method for studying histological
samples, including skin, remains light microscopy,
which is widely utilized in both clinical and expe-
rimental settings. Assessing the morphological struc-
ture of the skin is essential for obtaining objective
data regarding its condition under normal, expe-
rimental, and pathological conditions. Histological
analysis allows for the detection of morphological
changes in organs, tissues, and cells in response to
various influences. It provides a detailed compari-
son of morphological alterations alongside clinical,
biochemical, and pathophysiological findings, mak-
ing it a valuable method for evaluating new drugs.
In our studies, we selected Hirudo verbana, a spe-
cies of medicinal leech, due to its wide range of
therapeutic effects, which have been substantiated
by numerous scientific publications [30—41].

The ML were maintained using the modern jar
method. They were bred at the educational-scien-
tific-research laboratory of cellular and organismal
biotechnology at Zaporizhzhia National University
(TU U 05.0-02125243-002:2009 "Medicinal Leech,"
sanitary-epidemiological opinion of the Ministry of
Health of Ukraine No. 05.03.02-06/49982, dated
12.08.2009).

For our experiment, we used a model of exci-
sional skin wounds, where round sections of skin
with a diameter of 1.5 cm were excised using a tem-
plate. This model of secondary tension is widely
adopted by researchers to study the effects of drugs,
pathologies, treatments, and other factors [3—5,
42, 43]. This model allows for a more precise and
effective evaluation of various effects, including the
regenerative properties of therapeutic agents. The
primary aim of our study was to investigate the
effect of Hirudo verbana on morphological changes
in an incised wound in a laboratory rat model,
with the goal of confirming the hypothesis that ML
possess reparative regenerative properties.

The study was conducted on 60 male white
laboratory rats weighing between 245—260g. The
experimental animals were housed under standard
sanitary conditions. Following the creation of an in-
cised experimental wound, the animals were placed
in separate cages with weekly bedding replacements
under aseptic conditions. During the observation
period, no signs of bacterial contamination were
observed in any of the animal groups. The animals
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were kept in a vivarium maintained at a tempera-
ture of 20—25 °C, with humidity not exceeding 55%,
under a natural "day-night" cycle. They were indi-
vidually housed in plastic cages and fed a balanced
diet. Experimental procedures were carried out in
accordance with the "International Guidelines for
Medicinal and Biological Research Using Animals"
and the national "Joint Ethical Principles of Experi-
ments on Animals" (Ukraine, 2001), in compliance
with Council Regulation (EU) 2010/63/EU of the
European Parliament and the Council of 22 Sep-
tember 2010 on the protection of animals used for
scientific purposes, as well as the protocol from the
bioethics commission at the Faculty of Biology of
Zaporizhzhia National University for the planned
research (protocol No. 1).

The wound model was created as follows: un-
der ketamine anesthesia (40 mg/kg body weight),
after hair removal from the back of the animals,
aseptic and antiseptic procedures were strictly fol-
lowed. Prior to the experiment, the animals were
randomly divided into two groups of 30 animals
each: Group 1 (control) where wound healing
occurred spontaneously without treatment, and
Group 2 (experimental), where one medicinal
leech (Hirudo verbana) weighing 0.6-0.7 g was ap-
plied near the affected area on days 1, 3, 7, and 14.
Circular areas of skin with a diameter of 1.5cm
were excised using a template and surgical scissors.
Excised material from both groups at the day of
wounding (n =60) was assigned to the intact group
for comparison.

Treatment began 24 hours after the wound was
created. Samples from the wound bed and adjacent
intact group (up to 1 cm beyond the wound edge)
were collected on days 3, 7, 14, and 30 after the
injury. The periwound area (up to 5 mm beyond
the wound edge) was also analyzed. The time points
were chosen in accordance with the modern peri-
odization of wound healing, where days 1 and 3
correspond to the inflammatory phase, days 7—14
to the proliferative phase, and day 30 to the re-
modeling phase [42].

Skin samples were fixed in a 10% neutral for-
malin solution in dark glass containers and stored
at room temperature for 3 days before histological
analysis. The skin was then processed using stan-
dard histological techniques, embedded in paraffin
blocks, and serial sections (5 um thick) were cut
using a Thermo Scientific HM 325 microtome
(Thermo Scientific, Massachusetts, USA). The sec-
tions were stained with hematoxylin and eosin.
Photomicrographs were captured using a PrimoStar
iLED microscope and an Axio Cam ERc5s camera

(ZEISS, Germany), with subsequent analysis using
the ZEISS ZEN 3.5 microscopy software (blue
edition).

Statistical comparison of results was performed
between two samples of each studied indicator.
First, the analysis was performed between the
intact group and control at each time point of
healing and beteween the intact group and ex-
perimental group at each time point of healing.
Later, the control and experimental groups were
compared at each time point of healing.

Statistical analysis of the obtained data was per-
formed using parametric methods (Student's t-test
with Bonferroni correction) after verifying the sam-
ples for normal distribution with the one-sample
Kolmogorov—Smirnov test. IBM SPSS Statistics 21.0
(USA) was used for statistical processing. Dif-
ferences were considered statistically significant at
p < 0.05. The results of the study of morphological
features of rat skin during wound healing were ex-
pressed as the arithmetic mean and standard devia-
tion (mean + SD).

Results

As a result of the study, the thickness of the
epidermis in the intact group was 14.82 + 2.12
(the Table), the boundaries of the epidermal layers
were indistinct, their thickness corresponded to
physiological norms (the Figure, a) [2, 8, 11, 23].
The dermis occupied the main part (thickness in
cross section — 174.22 + 9.11 um) of the skin. The
thickness of the subcutaneous tissue was 111.61
+13.89 pm (the Table).

It contained a large number of adipocytes. In
the control group, by day 3, the wound was covered
with a scab, with areas showing purulent foci. De-
marcation inflammation was observed at the edges
of the wound, accompanied by leukocyte infiltration
and the formation of a leukocyte shaft, which ex-
tended across all layers of the dermis (the Figure, b).
The epithelial structures at the wound edges exhibi-
ted vacuolization and desquamation of cells down to
the basal layer, with a small number of hair folli-
cles in the catagen phase. The thickness of the epi-
dermis in the periwound area was 31.11 £ 4.67 um
(the Table), which was statistically significantly grea-
ter than that of the intact group (p < 0.05).

Infiltration of the dermis by leukocytes and in-
creased vascularization were observed. Subcutane-
ous tissue thickness increased by 23.08%, while the
area of hair follicles decreased by 40.08%, and the
area of sebaceous glands reduced by 50.40% com-
pared to the intact group (the Table) (p < 0.05).
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Table: Morphological changes in an excisional wound (mean + SD)

. Intact Control (s = 30) Experiment (s = 30)
Indicator (s = 60)
- Day3 Day7 Day14 Day 30 Day 3 Day 7 Day 14 Day 30
(n=8 (=8 (=7 (n=7)| (n=38) (n=28) (n=7) (n=7)

Thickness 14.82 31.11 37.76 30.78 14.1 21.44 18.57 15.77 13.96
epidermis, um +2.12  +£4.67%* +4.87* +£511% +2.11 | £2.23%** +2.12%* + 2.45%* +2.33
Thickness 174.22 1553 180.7 176.5 173.37 183.00 172,11 £ 1 182.81 209.51
dermis, um +9.11 +1544 +£10.12 +8.76 +9.34 +9.97** 0.11 +9.88 + 13.01%***
"Sflggkg;f:o s 111.61 145.10  76.51 81.30 105.33 151.09 40.21 188.44 253.00
ube US4 13.89 +13.32% +9.77% +10.89% +7.66 + 14.92* +5.91% % £ [7.21% % £ 18.67***
tissue, pm
Hair follicle 259.40 15542 162.32 223.23  230.21 234.30 173.40 556.21 517.92
area, um?> +14.89 +13.21* +12.76%* +19.89 +17.76 | +18.87** +11.44%  £23.11% %% +2432% **
SCDACEOUS 43063 213.56 25384 31382 40501 | 63611 185.44 43062 506.11
imz ’ +19.94 +16.44* +15.65% +£16.38* +21.44 | £25.33** +16.44%* +18.35%* +20.14***

Notes. * — differences the control and experimental groups at each time point of wound healing (days 3, 7, 14 and 30) compared to
the intact group (p < 0.05), ** — differences between the experimental and control groups at each time point of wound healing (days 3,
7, 14 and 30) (p < 0.05).

Figure: Microphotographs of a skin flap excised in periwound and wound area (a, o) in control and experimental groups of rats at
different periods of healing: (a) day of wounding, intact group; (b) day 3 of wound healing, control group; (c) day 3 of wound healing,
experimental group; (d) day 3 of wound healing, experimental group — granulation tissue is formed
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Figure [ Continuation]: Microphotographs of a skin flap excised in periwound and wound area (a, o) in control and experimental
groups of rats at different periods of healing: (e) day 7 of wound healing, control group; (g) day 7 of wound healing, control group —
granulation tissue is formed; (h) day 7 of wound healing, experimental group; (i) day 7 of wound healing, experimental group — gra-
nulation tissue; (j) day 14 of wound healing, control group; (k) day 14 of wound healing, experimental group
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End of the Figure

Figure [ End]: Microphotographs of a skin flap excised in periwound and wound area (a, o) in control and experimental groups of
rats at different periods of healing: (1) day 14 of wound healing, experimental group; (m) day 30 of wound healing, control group;
(n) day 30 of wound healing, experimental group; (o) day 30 of wound healing, experimental group

In the experimental group, by day 3, granula-
tion tissue had already formed in the wound bed,
with activation of angiogenesis, reduced inflamma-
tion, and infiltration of the lesion site by leuko-
cytes (the Figure, d). A large number of hair fol-
licles, with 2-3 hair shafts, were noted. No desqua-
mation of the stratum corneum was observed, and
only a small number of leukocytes were present in
the papillary layer. In the periwound epithelium,
there were no clear boundaries with the dermis,
and the papillary layer was enlarged (the Figure, c).
The thickness of the epidermis in the periwound
area was 21.44 + 2.23 um (the Table), which was
statistically significantly greater than that of the in-
tact group and significantly lower than in the con-
trol group (p < 0.05).

On day 7, the dermis thickness in the experi-
mental group increased to 183.00 + 9.97 pm, with
a 33.67% increase in the area of hair follicles and
nearly a threefold increase in sebaceous glands com-
pared to the control group (p < 0.05). The subcuta-

neous tissue thickness also increased by 26.13%, and
the area of sebaceous glands increased by 32.30%
compared to intact group (the Table) (p <0.05). In
the control group, by day 7, there was intensive
growth of granulation tissue, fibroblast proliferation,
collagenogenesis, and angiogenesis, along with the
onset of re-epithelialization and moderately pro-
nounced inflammation (the Figure, e, g). A thin
scab had formed at the wound site, and a large
number of leukocytes were present in the papillary
layer (the Figure, e). Below the epidermis, slight
inflammation and purulent inclusion were still pre-
sent. As the scab detached, a new epithelium began
to form. The thickness of the epidermis reached a
maximum value of 37.76 + 4.87 um, significantly
greater than in intact group (the Table). The
thickness of the subcutaneous tissue decreased by
31.45%, and the areas of hair follicles and seba-
ceous glands decreased by 37.43% and nearly 50%,
respectively (p < 0.05).
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In the experimental group on day 7, there was
intensive development of granulation tissue and
further epithelialization (the Figure, h, i). Fewer
inflammatory cells were observed in the dermis,
and the layers appeared more mature, with a sig-
nificant number of blood vessels and active hair
follicles present (the Figure, h). The thickness of the
epidermis began to decrease but did not statistically
differ from the freshly excised skin (the Table). A
sharp statistical decrease was noted in the thickness
of the subcutaneous tissue (nearly threefold), as
well as in the area of hair follicles and sebaceous
glands, both of which decreased by nearly 50%
compared to the control group (the Table).

By day 14, complete epithelialization of the
wound surface and remodeling of the dermal con-
nective tissue were observed in the control group
(the Figure, j). Significant flaking of the stratum
corneum was noted, with a small number of hair
follicles and sebaceous glands. The boundary be-
tween the dermis and epidermis was not clearly de-
fined. The epithelium had developed further, with
visible boundaries between all layers (the Figure, j).
Inflammation was absent, and the wound was cov-
ered by a thin epithelium. The thickness of the ep-
idermis began to decrease, while the hypodermal
layer and the area of sebaceous glands increased
(the Table).

In the experimental group on day 14, no in-
flammation was present, and numerous well-for-
med hair follicles were observed (the Figure, k, 1).
The tissue appeared more mature, with a large
number of blood vessels and newly formed hair
follicles in the active phase (the Figure, k). Accele-
rated epithelialization was noted, and scarring had
occurred. The thickness of the epidermis did not
statistically differ from that of the intact group, but
there was an increase in the thickness of the sub-
cutaneous tissue, as well as in the areas of hair fol-
licles and sebaceous glands, compared to the con-
trol group.

On day 30, both the control and experimental
groups showed complete epithelialization of the
wound (the Figure, m, n, o). In the experimental
group, the papillary layer of the dermis was en-
larged, and a significant number of hair follicles
were observed (the Figure, n, o). The wound was
fully covered with new hair, and scarring was barely
noticeable, compared to the control group, where
hair coverage was not restored. In the control
group, all measured parameters were within the
range of intact group values (the Table). In the ex-
perimental group, the thickness of the dermis and
subcutaneous tissue, as well as the areas of hair fol-

licles and sebaceous glands, were significantly larg-
er compared to both the control group and intact
group (the Table).

Discussion

Wound healing is a complex process involving
the interaction of molecular and cellular regulatory
mechanisms, both locally and systemically [4—8]. It
typically progresses in three overlapping phases: he-
mostasis/inflammation, proliferation/differentiation,
and remodeling [3—7, 14, 15, 17]. One of the factors
that can accelerate healing is perfusion, and BAS
found in ML contribute to this process through
their ability to enhance perfusion. ML secrete vari-
ous anticoagulants, such as hirudin and factor Xa
inhibitors, into the wound, preventing scab for-
mation and thereby accelerating the healing pro-
cess [17, 24—31].

The complex of BAS in ML can be catego-
rized into several groups: lytic compounds that de-
stroy tissues and microvessels; antihemostatics that
block hemostasis mechanisms; blockers of the body's
defense reactions that counteract the inflammatory
responses to tissue damage; and auxiliary substan-
ces [24, 35, 36, 39]. For instance, in a study on rat
epigastric flaps with venous impairment, leech treat-
ment before definitive surgical revascularization was
shown to partially reduce the degree of flap necro-
sis due to venous impairment [17, 33, 37]. Other
studies have also demonstrated the effectiveness of
ML in treating venous congestion in flaps [37].
These findings align with our results, where we
observe accelerated reparative regeneration in rat
skin. In the experimental group, intensive granula-
tion tissue formation was already evident on day 3,
compared to the control group, which only showed
similar formation on day 7. By day 7, the experi-
mental group's wound healing was comparable to
the control group at day 14.

This accelerated healing may be linked to the
presence of peptidases in the ML, which influence
the functional activity of various cells, such as en-
dothelial cells, lymphocytes, platelets, and macro-
phages, thereby promoting granulation tissue for-
mation. Additionally, antihemostatic substances like
calins, apyrase, platelet-activating factor antagonists,
and hirudin play a role in regulating blood clotting
mechanisms. The presence of eglin C also reduces
free oxygen radical levels in neutrophils, preventing
inflammation and tissue destruction [25, 35].

In our study, the papillary layer was noticea-
bly thicker in the experimental group across all
time points. This layer, which is rich in vessels and
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responsible for epidermal nutrition, likely facili-
tated proliferation and increased the number of
hair follicles and sebaceous glands, while reducing
scarring, as observed in our results. The faster re-
growth of new hair may be attributed to improved
blood supply to hair follicles due to enhanced cir-
culation in the wound area an effect of ML ob-
served by other researchers [18, 35, 36]. These ef-
fects are likely due to the release of vasodilators,
such as histamine-like substances, acetylcholine,
and carboxypeptidase-A inhibitors, which increase
blood flow to the site of the bite and reduce local
swelling. Acetylcholine, in particular, can relax en-
dothelial muscles, dilate blood vessels, and pro-
mote microcirculation, delivering fresh oxygenated
blood to the affected area [39, 40]. This restores
normal blood flow and provides tissues and hair
follicles around the wound with the oxygen and
nutrients required for regeneration.

It is also important to note that similar repar-
ative regenerative abilities, though to a lesser extent
and at different observation periods, were observed
in a rat skin cut wound model treated with local
applications of indigo leaf extract, recombinant
leptin, or kasticin. These treatments significantly
enhanced the healing process, accelerating wound
closure with a noticeable increase in collagen for-
mation, angiogenesis, and epithelialization [44—46].

Numerous studies have demonstrated the pre-
sence of anti-inflammatory and vasodilatory agents
in leech saliva [17, 31], which improve blood cir-
culation in certain organs, promote thrombolytic,
anti-inflammatory, and immunostimulatory activi-
ties, and enhance tissue nutrition and immune
function [24—32]. For instance, the enzyme hyalu-
ronidase found in leech saliva can degrade tissues
containing hyaluronic acid and also acts as an an-
timicrobial agent. It increases the viscosity of in-
terstitial walls, facilitating the antibiotic action of
other substances in the saliva. This enzymatic ac-
tion supports the infiltration and diffusion of addi-
tional leech-derived substances into deep or conges-
ted tissues. Other key anti-inflammatory compo-
unds include antistasin, hilantens, guamerin, pigua-
merin, bdelastasin, bdelins, and eglins [39].

The presence of these substances is corrobora-
ted by our results. For example, starting on day 3,
we observed a reduction in leukocyte content and a
decrease in the inflammatory process compared to
the control group, which was no longer present by
day 7. This suggests an accelerated transition from
the inflammatory phase to the proliferative phase,
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as evidenced by the early development of granula-
tion tissue in the experimental group. Our findings
are consistent with the work of other researchers,
who observed similar outcomes under the influence
of the plant alkaloid sinomenine, which demon-
strated significant anti-inflammatory effects during
wound healing in rats [47].

This observed effect may be attributed to the
presence of bdelins, ellins, and the multifunctional
protein destabilase-lysozyme, which not only has
destabilase activity but also exhibits lysozyme and
antimicrobial properties. As an antibiotic, destabi-
lase inhibits the growth of many bacteria, fungi,
and archaea. Moreover, substances such as chlo-
romycetin, theromycin, thermisin, and destabilase
in leech saliva demonstrate strong antimicrobial
activity by destroying bacterial cell components.
The denatured form of destabilase exhibits a dose-
dependent bacteriostatic effect against Staphyloco-
ccus aureus, Pseudomonas aeruginosa, and Escheri-
chia coli [39, 40].

It is also important to note that on the 7th
day, the subcutaneous tissue, as well as the areas of
hair follicles and sebaceous glands, are significantly
reduced, particularly in the experimental group.
This reduction may indicate an increase in basal
metabolism and accelerated metabolism during the
proliferation phase, which is associated with the
appearance of newly formed active hair follicles.
This effect has been observed in previous studies,
where ML were shown to influence metabolism [17,
25—27]. Our findings are consistent with those of
other researchers, such as the study on P. polyphylla
in rats, which found that it accelerated diabetic
wound healing and restored the morphological struc-
ture of epidermal layers, granulation tissues, hair
follicles, fibroblasts, and collagen [38—41].

Furthermore, starting from day 7, we observed
a significant increase in the number of blood ves-
sels in the experimental group, a trend that contin-
ued through all subsequent time points compared
to the control group. Based on these effects, it can
be concluded that the enzymes present in the saliva
of Hirudo verbana have a pronounced impact on
damaged tissues, promoting angiogenesis and en-
hancing blood flow to the affected areas. The vaso-
dilatory substances in leech saliva also contribute
to alleviating venous congestion and accelerating
the phases of wound healing [18]. Our results are
the first to demonstrate the substantial reparative
and regenerative effects of Hirudo verbana in wound
healing by secondary intention.
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Conclusions

It should be noted that under the influence of
the complex substances found in ML, the number
of newly formed active hair follicles and blood ves-
sels is significantly increased, directly indicating
the regenerative properties of these substances. By
day 3, intensive granulation tissue formation and a
noticeable reduction in inflammation are observed.
Starting from day 7, the papillary layer, which is
responsible for nourishing the epidermis, begins to

increase. By day 14, the epidermis indicators in the
experimental group align with those of the intact
animals. The significant increase in the number of
newly formed hair follicles and vessels further un-
derscores the regenerative effects induced by the
substances in ML.
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P.®. AmiHos, A.C. AmiHoBa

3anopisbkuii HauioHanbHWIA yHIBEPCUTET, 3anopixoks, YkpaiHa
MOP®OJOMNYHA XAPAKTEPUCTUKA PIZAHOI PAHU NI BNJIMBOM BIONOMNYHO AKTUBHUX PEYOBWUH MEAUYHOI ITABKU

Mpobnemartuka. CTaaii 3aroeHHs paH nicna onepadii NOAiIGHI A0 iHWKX, ane iMyHHa BiAMOBIAb | MOCUNEHHS 3ananeHHs B OpraHiami mo-
XYTb MPU3BECTM [0 3aTPUMKM HOpMarnbHOro rnepebiry 3aroeHHs, TOMy AoAaTkoBa MiATPUMKa € Ayxe Baxnueoto. Kpim Toro, nepdysis
BBaXaETbCS BaXMBUM (DaKTOPOM MPUCKOPEHHS 3arOEHHS paH LUKIpW, @ CrivHa MeanMYHUX N'SBOK Mae Lo 34aTHICTb.

Merta. Ouinka BnnmBy meaunyHoi m’'sasku Hirudo verbana Ha mopdponorivHi 3MiHK B pi3aHin paHi.

MeTopauka peani3sauii. Y KOHTPOIbHI Ta eKCriepMMeHTanbHi rpynax TBapuH Oyno HaHeCceHo pi3aHy paHy B MiKIOMaTKoBiv AinsHui. B
eKkcrnepuMeHTarbHUX rpyrnax HaHOCKNM No ofaHi MeanydHin m'sBui Ha 1, 3, 7 Ta 14-i1 gHi. MaTepian i3 kpaioBoi 30HM paHu 36upanu Bia-
pasy nicnsa HaHeceHHs, Ha 3, 7, 14 Ta 30-11 AHi 3aroeHHsi paHu Ta 06pobnsAnm 3a CTaHAAPTHUMM FICTONOTYHNUMN METOANKAMM.
PesynbTaTtn. B ekcnepumeHTanbHil rpyni Bxe Ha 3-11 AeHb CNOCTEPIraeTbCs iIHTEHCUBHE YTBOPEHHS PaHymnsAUiiHOI TKAHWHW NOPIBHSHO
3 KOHTponeMm. 36iNnbLUEHHS COCOYKOBOTO LIapy, KU MPOHU3aHUI CyaMHaMu Ta BiAMNOBIAAE 3a XWUBMNEHHS enigepmicy, cnocrepiranocs B
eKkcrnepuMeHTarnbHil rpyni Marxke y BCi TEpMiHM ekcnepumeHTy. Lie Morno BnnuHyTv Ha npouecu nponidepadii Ta 36inbLUeHHS KiNlbKOCTi
BOJTOCSIHMX PONiKyMiB, CanbHUX 3ano3 i 3MEHLLEHHs po3mipy py6uiB. Ha 3-1 AeHb BMICT NENKOUMTIB 3MEHLLYETLCS | 3ananbHWIn NpoLec
NOYNHAE 3HMXKYBATUCA NOPIBHSAHO 3 KOHTPOMbHOK rpynoto. lNnogepma, nnowa BonocsAHMX OOMiKymiB i CanbHUX 3ano3 3Ha4YHO 3MEHLLY-
10TbCSA Ha 7-11 AeHb, L0 MOXe CBiA4YUTY NPO MiABULLEHHS OCHOBHOIMO 06MiHY pe4OBUH.

BucHoBku. Komnnekc peyoBrH MeanyHoi n'saeku Hirudo verbana sgatHuin nosuTMBHO BNAMBaTK Ha NpoLiecy penapaTuBHOI pereHepaldlii
pisaHOi paHW, NpPUCKOpOBAaTK BCi CTadii 3aroeHHs paHu. [ig BNAMBOM KOMMMEKCY PEYOBUH MeOUYHOI M'SBKW KiNbKiCTb HOBOYTBOPEHWUX
aKTUBHMX BONIOCAHNX (hONIKyNiB i CyAWH 3Ha4YHO 36iNbLUYETLCS, L0 NPSMO BKa3ye Ha pereHepaTyBHY BMacTUBICTb LIMX PEYOBUH.

Knio4yoBi cnoBa: 3aroeHHs paH; KpainoBa 30Ha paH; enigepmic; Agepma; iMyHHa cuctema.



