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Abstract

Objectives: Medicinal leeches have long been recognized
for the bioactive compounds present in their saliva. These
compounds have been of interest due to their potential
therapeutic properties. This research aimed to explore the
impact of both medicinal leech application and the appli-
cation of medicinal leech saliva extract on wound healing in
a rat model with a dorsal random flap in vivo.

Methods: In this in vivo study, a dorsal random skin flap
model was created in female Wistar albino rats. Rats
were randomly assigned to three groups: control (flap
only), medicinal leech therapy (MLT), and leech saliva
extract (LSE) injection. Histological, immunohistochemical
(VEGF), and ELISA-based biochemical analyses were
performed to assess wound healing parameters on post-
operative day 7.

Results: The flap necrosis area (%) in Group II and Group I1I
was significantly lower than the control group (p<0.05).
Vascular Endothelial Growth Factor (VEGF) (+) cell (%),
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neovascularisation, epithelial regeneration, and granulation
tissue thickness in Group II and Group III were significantly
higher than the control group (p<0.05). Also, inflammatory
cells in group III were substantially lower than in the control
group (p<0.05).

Conclusions: To our knowledge, this study is the first in the
literature to examine the effect of medicinal leech extract
injection in the flap model. These findings emphasize the
potential therapeutic benefits of medicinal leeches and their
saliva extract in promoting efficient wound healing, with
implications for future clinical applications.
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Introduction

Wounds, characterized by skin or tissue integrity disruption,
often result from accidents, trauma, or surgery, leading
to structural and functional deterioration [1]. Wound healing
unfolds through successive, overlapping phases — homeostasis,
inflammation, proliferation, and remodelling. Initiated after
tissue injury, physiological wound healing establishes a so-
phisticated signalling network among different cell types
and skin compartments [2]. In addressing such wounds
caused by tumour removal, burns, or cuts, dermatological
surgery frequently employs skin flaps, which consist of skin
and subcutaneous tissue with a robust vascular supply [3].
Sometimes, applying these flaps becomes necessary to treat
and promote the healing of such complex wounds effec-
tively. Despite their widespread use, random skin flaps,
especially in distal regions, are prone to necrosis, posing a
risk of flap loss. Consequently, research globally focuses on
methods to reduce necrosis rates and enhance flap survival,
with complementary and supportive treatments at the
forefront of investigation [4, 5].

Medicinal Leech Therapy (MLT), also known as hir-
udotherapy, has been employed for centuries to treat
various diseases [6]. Leech saliva contains over a hundred
bioactive peptides and proteins, exhibiting anti-coagulant,
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anti-microbial, anti-inflammatory, and analgesic effects [7].
The therapeutic efficacy of medicinal leeches is primarily
attributed to the rich biochemical composition of their
secretions [8]. Hirudin, a potent thrombin inhibitor, plays a
key role in anticoagulation, while other molecules such as
calins inhibit platelet aggregation; bdellins and eglins act as
protease inhibitors with anti-inflammatory potential. Addi-
tionally, hyaluronidase facilitates tissue permeability, desta-
bilase contributes to fibrin degradation, and acetylcholine
and histamine-like substances cause vasodilation [9]. MLT is
recognized for its effectiveness in increasing perfusion and
promoting rapid wound healing. Numerous experimental
animal studies in the literature have explored the impact of
medicinal leech application on wound healing [10, 11].
Although previous studies have explored the use of me-
dicinal leeches in various wound models, there is a notable
lack of research directly evaluating the effects of isolated
leech saliva extract (LSE) in an in vivo flap model. Therefore,
the main aim of this study is to investigate and compare the
therapeutic effects of both medicinal leech therapy (MLT) and
direct subcutaneous injection of LSE on skin flap survival and
wound healing. By integrating histopathological, immuno-
histochemical (VEGF), and biochemical analyses, this study
seeks to provide novel insight into the in vivo efficacy of leech
saliva constituents. To the best of our knowledge, this is the
first study to assess LSE in a random skin flap model in rats.

Materials and methods
Animal experiments

This study was approved by the Gazi University Animal Ex-
periments Local FEthics Committee (Approval no: G.U.
ET - 22.081). Experimental procedures involving animals were
conducted at Gazi University — Laboratory Animal Breeding
and Experimental Research Centre (GUDAM, Ankara), adhering
to ethical standards outlined in the “Guidelines for the Care and
Use of Laboratory Animals”. Female rats (Rattus norvegicus
albinus) with an average body weight of 250 + 30 g were utilized
for this investigation. Throughout the experiment, the rats were
provided with a standard pellet diet and had unrestricted access
to water, maintaining ad libitum conditions.

Experimental design

In this experimental study, 18 animals were randomly
assigned to three groups, each comprising six animals
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(Figure 1). It is important to note that an unfortunate inci-
dent occurred during the experiments, resulting in two
deaths in the Medicinal Leech Therapy (MLT) and Medicinal
Leech Saliva Extract (LSE) experimental groups.

On the seventh post-operative day, rats were euthanized
through intra-cardiac blood collection under anaesthesia.
Dorsal skin flaps were excised proximally and distally
around the suture line for histopathological evaluation.
Some tissues were preserved in containers with 10 % buff-
ered formaldehyde, while the remaining samples were
frozen in liquid nitrogen for biochemical analysis and stored
at —80 °C. A homogeniser with a metal blade was used for the
tissue homogenization. It was performed to obtain homog-
enates from the proximal and distal tissues of the flap areas
in the experimental groups (Heidolph, SilentCrusher).

Random flap model

All rats were anesthetized under appropriate conditions by
intraperitoneal injection of ketamine (80 mg/kg) and xyla-
zine (10 mg/kg). After anaesthesia, the hair of the rats was
shaved with a razor. The surgical operation was performed
under aseptic conditions under general anaesthesia. The
dorsal random flap model was applied to all rats in all
groups. After the anatomical borders of the flaps (6 x 2 cm)
were determined, the random dorsal flap was elevated over
the deep muscle fascia. All flaps were then repositioned in
their original positions with simple sutures.

Obtaining leech saliva extract and the
content of leech saliva

The Mediterranean medicinal leech, Hirudo verbana Carena,
1820 (Clitellata, Hirudinea, Hirudo), was used in this study
[12]. The leeches were sourced from an approved sterile
leech farm in Isparta, Turkiye. The species and origin of the
leeches were confirmed using a stereo zoom microscope
(Euromex NZ.1903-S, Germany) on established morpholog-
ical criteria of the medicinal leeches [13, 14]. Leech saliva
collection involved feeding the leeches with a phag-
ostimulant solution containing 0.15M NaCl and 1 mM argi-
nine. The saliva was obtained by squeezing the leeches from
the posterior end forward immediately after feeding. This
method, modified by Baskova et al., is commonly used in the
literature [15]. The collected saliva underwent filtration
through a 0.22 um filter and was then divided into Eppendorf
tubes. The extract was stored at —20 °C in a light-protected
manner. The total protein content of the Medicinal Leech
Saliva Extract (LSE) was determined using the Bradford
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method (Bradford Protein Assay Kit, ABP Biosciences, USA),
revealing a 50 yg/mL concentration in our study [16].

Application of the medicinal leeches and LSE

In group I (control), only a flap operation was performed
without leech saliva extract or medicinal leech treatment.

In group II (medicinal leech treatment), sterile leeches
were applied to the flap centres. The weights of the leeches
were recorded before and after the application (they sucked
0.5mL of blood on average). The leeches were euthanized
with 90 % ethanol after feeding.

In group II (LSE treatment), 0.5 mL of LSE was subcu-
taneously injected at the flap centres after the flap operation.

Skin flap survival

All rats in all groups were photographed on the seventh post-
operative day. Then, all the images obtained with the camera
in all groups were examined. Necrotic and surviving flap
areas in all images were analysed using the Image] v1.0
(Oracle Corporation, USA) computer program. The calculated
necrosis area was divided by the total flap area, and this ratio
was multiplied by 100 and expressed as “Necrosis Rate (%)”:
[Necrosis Area Ratio (%) = (Necrosis Area/Total Area) * 100].

Histopathological procedures

Histopathological studies were conducted at Gazi University,
Faculty of Medicine, Department of Histology and Embry-
ology Laboratories. Samples underwent fixation in a 10 %
neutral formaldehyde solution for 72h, followed by
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Figure 1: Quantitative comparison of flap
necrosis area (%) among the three
experimental groups on postoperative day 7.
Group I (control): flap surgery without
treatment. Group II (MLT): treated with
medicinal leeches applied to the flap center.
Group III (LSE): treated with subcutaneous
injection of leech saliva extract.

dehydration and embedding in molten paraffin. Paraffin
blocks were sectioned into 4-5pum thickness, and histo-
morphological changes were analysed using Haematoxylin-
Eosin (H & E) and Masson’s trichrome staining methods
under a computer-aided imaging system light microscopy
(Leica DM4000, Germany). Micromorphologically examined
areas were evaluated by taking photographs in the Leica
QWin version 3.0 (Leica Microsystems, Switzerland). Scoring
was made after histopathological procedures [17].

Immunohistochemical procedures

Immunohistochemistry procedures for VEGF were per-
formed using a rabbit polyclonal anti-VEGF antibody (Cat:
114409 Lot: 05310, Fine Test, Wuhan, China). Sections
(5 pum) were incubated at 60°C overnight, dewaxed in
xylene for 30 min, and passed through a decreasing
alcohol series. Tissue sections were arrayed on an
immunohistochemistry bar, drawn with PAP-Pen (Thermo
Scientific), and washed with PBS (Phosphate Buffer Saline,
PH: 7.4). Samples were treated with a serum-blocking so-
lution for 10 min, followed by overnight incubation with
the VEGF primary antibody at +4 °C. After incubation, a
3% hydrogen peroxide solution was applied to inhibit
endogenous peroxidase activity, followed by washing with
PBS for 15 min to prevent non-specific binding. A second-
ary antibody with biotin was then applied, and the sam-
ples were washed with PBS for 9min. Chromogen-
containing diaminobenzidine (DAB) substrate was
applied until a visible immune reaction occurred. Mayer’s
haematoxylin was used as a background dye, and the
samples were dehydrated, cleared in xylol, and covered
with a coverslip using entellan. The samples were
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photographed with Leica QWin version 3.0 (Leica Micro-
systems, Switzerland). The uptake of the antibodies indi-
cated in the cell counts provided in 10 independent
fields selected for each slide was evaluated over one
hundred cells. Scoring was made for immunohistochem-
ical evaluation [18].

ELISA

The biochemical studies were conducted at Gazi University,
Faculty of Medicine Department of Medical Biochemistry
Laboratory. Serum or tissue IGF-1, TGF-a, and HIF-1-a were
measured using original commercial enzyme-linked immu-
nosorbent assay (ELISA) kits (ELK Biotechnology Co., Ltd.,
Wuhan, China). The working principle of the mentioned kit
is based on sandwich enzyme immunoassay.

Statistical analysis

The data obtained from the study were statistically evalu-
ated with the IBM SPSS 21 (IBM SPSS Inc., Chicago, IL)
program. Data were expressed as mean and SEM (standard
error of the mean). Variance among groups was evaluated
using two-factor ANOVA, single-factor ANOVA, followed by
post-hoc Tukey’s range test for multiple comparisons. The
groups were also compared to find the source of the sta-
tistically significant difference. All analyses were accepted
at a 95% confidence interval and 0.05 significance level,
and values below this value were considered statistically
significant.

Results

MLT and LSE application increased the flap
survival rate by decreasing the rate of
necrosis in the flap area

There was a statistically significant difference between the
groups regarding necrosis area (%) (p=0.028). The flap ne-
crosis area (%) in the MLT-treated rats (12.04 + 0.90) and
LSE—treated rats (16.25 + 0.92) were found to be significantly
lower than the control group (Figure 1). Although the flap
necrosis area (%) in the LSE-treated rats was lower than in
the MLT-treated rats, no statistically significant difference
was detected between these two groups (Figure 2). It was
determined that the rate of necrosis area (%) was the highest
in the control group (respectively *p=0.026, 0.046).
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LSE accelerated wound healing in rats with a
dorsal random flap model

Histological assessments of the flaps involved an evaluation of
both proximal and distal regions, considering parameters
such as epithelial regeneration, granulation tissue thickness,
fibroblast proliferation, neovascularization, and the presence
of inflammatory cells. Immunohistochemical analysis was
also conducted, explicitly assessing the percentage of positive
Vascular Endothelial Growth Factor (VEGF) cells (Tables 1 and
2). Haematoxylin & Eosin and Masson’s trichrome staining
methods were employed for comprehensive histopathological
examinations, providing insights into tissue morphology,
cellular composition, and the progression of regenerative
processes within the flaps’ proximal and distal segments.

Histological evaluation of flap tissues for
epithelial regeneration and granulation
formation

In this study, comprehensive histological evaluations were
undertaken to investigate the impact of MLT and LSE appli-
cations on cellular wound repair mechanisms in rats with a
random flap model (Figure 3). Notably, in the proximal flap
tissue, rats treated with LSE exhibited a significant enhance-
ment in epithelial regeneration and the development of well-
formed granulation tissue compared to the control group
(p<0.05). Furthermore, in the distal flap tissue, rats subjected
to both MLT and LSE treatments demonstrated a noteworthy
increase in epithelial regeneration and the presence of robust
granulation tissue when compared to the control group
(p<0.05). These findings highlight the positive effects of both
MLT and LSE in promoting epithelial regeneration and facil-
itating the formation of well-developed granulation tissue.

Histological analysis of flap tissues for
neovascularization and presence of
inflammatory cells

MLT and LSE-treated rats showed an increasing neo-
vascularisation for both proximal and distal flap tissue
compared with the control group (p<0.05) (Figure 3A and B).
Also, LSE caused a decrease in the presence of inflammatory
cells in proximal flap tissue compared with the control group
(p<0.05). In the distal flap tissue, there was no statistically sig-
nificant difference between the experimental groups regarding
the presence of inflammatory cells.
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Figure 2: Comparison of flap necrosis area in

the experimental groups.

Table 1: Comparison of histopathological and immunohistochemical parameters in proximal flap tissue among experimental groups. The parameters
include epithelial regeneration, granulation tissue thickness, fibroblast proliferation, neovascularization, presence of inflammatory cells, and percentage

of VEGF-positive cells.

Parameter Group I Group II Group III p-Value
Epithelial regeneration 2.25+0.25 3.25+0.25 3.75+0.25 0.013*
Granulation tissue thickness 1.75+0.25 2.50 +0.29 3.25+0.48 0.023*
Fibroblast proliferation 2.00 2.75+0.48 3.25+0.25 0.138
Neovascularisation 1.50 + 0.29 3.00 3.50 £ 0.29 0.0001*
Inflammatory cell presence 3.00 + 0.41 2.25+0.25 1.50 +0.29 0.025*
VEGF (+) cells (%) 42.25+1.25 67.00 + 1.96 74.25 +2.17 0.0001*

Values are expressed as mean + standard deviation. Group I: control; group II: medicinal leech therapy (MLT); group III: leech saliva extract (LSE). P values in

bold indicate statistical significance at the a=0.05 level.

Table 2: Comparison of histopathological and immunohistochemical parameters in distal flap tissue among experimental groups. The parameters
include epithelial regeneration, granulation tissue thickness, fibroblast proliferation, neovascularization, presence of inflammatory cells, and percentage

of VEGF-positive cells.

Parameter Group I Group II Group III p-Value
Epithelial regeneration 1.75+0.25 3.00 3.50 + 0.29 0.001*
Granulation tissue thickness 1.50 +0.29 225+0.25 2.75+0.25 0.007*
Fibroblast proliferation 1.75+0.25 2.50 £ 0.29 3.00+0.41 0.070
Neovascularisation 1.25+0.25 2.50 £ 0.29 325+ 0.25 0.0001*
Inflammatory cell presence 3.25+0.48 2.50 +0.29 2.00 + 0.41 0.146
VEGF (+) cells (%) 38.50 + 1.55 63.25 + 1.38 69.00 + 1.68 0.0001*

Values are expressed as mean + standard deviation. Group I: control; group II: medicinal leech therapy (MLT); group III: leech saliva extract (LSE). P values in

bold indicate statistical significance at the a=0.05 level.

Histological analysis of flap tissues for
fibroblast proliferation and collagen density

In the proximal and distal flap tissue, there was no statisti-
cally significant difference between the experimental

groups regarding fibroblast proliferation (p>0.05). It was
observed that the collagen density in the control group was
lower than in the other groups. However, no statistically
significant difference was found between the experimental
groups (p>0.05) (Figure 3C and D).
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Group I Group 11

MLT and LSE increases VEGF (+) cell (%) in the
flap area

MLT and LSE-treated rats showed an increase in
VEGF (+) cells (%) for both proximal and distal flap

Group III

Group HI
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Figure 3: Representative histological images of
flap tissues from each group. Panels A and B:
sections stained with Hematoxylin & Eosin
(H&E) to assess epithelial structure,
granulation, inflammatory infiltration, and
neovascularization. Panels C and D: sections
stained with Masson’s trichrome to visualize
collagen deposition and connective tissue
organization. Panels A and C: proximal regions
of the flap. Panels B and D: distal regions of the
flap. Arrows and symbols indicate key
histological findings: = epithelial
regeneration, < granulation tissue, <>
fibroblast proliferation, » neovascularization,
» presence of inflammatory cells, ¢ decreased
collagen density, N necrosis. Group I: control;
group II: MLT; group III: LSE.

Figure 4: Immunohistochemical analysis for
VEGF expression in proximal (A) and distal
(B) flap tissue. VEGF-positive endothelial cells
are indicated by ¢, and VEGF-negative cells by
V. Increased VEGF staining is evident in
groups II and III, reflecting enhanced angio-
genic activity. Group I: control; group II: MLT;
group III: LSE.

tissue when compared with the control group (p<0.05)
(Figure 4A and B). Although the VEGF (+) cell (%)
was observed at the highest level in group III, no signifi-
cant difference was detected between groups II and III
(p<0.05).
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No difference was observed in terms of
biochemical markers

There was no statistically significant difference in serum
samples, proximal and distal tissue samples between the
experimental groups in terms of HIF-1-a (ng/mL), TGF-a
(pg/mL), and IGF-1 (ng/mL) concentrations (p<0.05).

Discussion

Today, MLT and products obtained from medicinal leeches
are used worldwide. The mechanism of action of medicinal
leech saliva, which contains more than 100 bioactive sub-
stances, is still a matter of curiosity, and various scientific
studies are carried out on medicinal leeches and medicinal
leech saliva. This study aimed to investigate the effects of
MLT and LSE on wound healing in the flap area via
biochemical and histological methods. In our research,
sterile medicinal leeches of H. verbana were used.

In the initial stage, the flap necrosis area was compared
to the total flap area, revealing that the control group had the
highest necrosis area (%). However, Groups II and I1], treated
with medicinal leech and medicinal leech extract, exhibited
significantly lower necrosis areas compared to the control
group. These results imply that the application of medicinal
leech and its extract increased flap survival rates by
reducing necrosis area (%). Anti-coagulant substances in
medicinal leech saliva, such as hirudin and destabilase, and
vasodilator substances, like acetylcholine, enhance blood
flow. Therefore, our study suggests that the decreased flap
necrosis area (%) and the improved flap survival rates are
attributed to the enhanced blood flow in the treated
areas [19].

In the second stage of our study, histopathological
evaluation of tissue samples revealed that Groups II and III,
treated with medicinal leech and its extract, exhibited
significantly higher epithelial regeneration, granulation
tissue thickness, and neovascularization compared to the
control group, with Group III showing the most pronounced
effects. These results indicate a positive contribution of LSE
to the wound-healing process. Notably, the low inflamma-
tory cell count in the LSE-treated group suggests a potential
anti-inflammatory effect.

Similar positive effects of MLT on wound healing were
observed in studies by Darestani et al. [20] and Zakian et al.
[21], where MLT promotes faster wound closure and reduces
inflammation. In another study by Mousavi et al., MLT
demonstrated efficacy in reducing inflammatory cells, ne-
crosis, and tissue damage in a rat model of acute venous
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congestion attributed to anti-inflammatory components in
medicinal leech saliva [22]. Consistent with these findings,
Bilden et al. also reported improved healing outcomes in rats
with incisional wounds following MLT application, high-
lighting the broad therapeutic potential of leech therapy in
different wound models [23].

Contrasting our study design, Schlaudraff et al. investi-
gated MLT’s effects on flap survival in a different model,
exposing random flaps to ischemia and applying H. medici-
nalis [24]. Their findings suggested that multi-session leech
application might not be suitable in cases of insufficient
arterial support. In our research, the improved flap survival
and wound healing in both MLT and LSE-treated groups
could be linked to adequate arterial support.

In summary, our study and previous research highlight
the positive impact of medicinal leech and its extract on
various aspects of wound healing, including epithelial
regeneration, tissue thickness, neovascularization, and anti-
inflammatory effects.

In the third phase of our study, we assessed the per-
centage of VEGF-positive cells in proximal and distal tissue
samples using immunohistochemistry. VEGF plays a crucial
role in wound healing, promoting angiogenesis by stimu-
lating endothelial cell activities. Unlike most tissues, areas
with active angiogenesis, such as the skin, ovaries, and
uterus, exhibit increased VEGF levels during wound healing
[25, 26].

In a study by Yingxin et al., the impact of natural hir-
udin, obtained from leech secretion, on VEGF gene expres-
sion in flap-modelled rats was investigated. The study
revealed a significant increase in VEGF gene expression with
natural hirudin compared to control and recombinant hir-
udin groups, improving flap survival by reducing necrosis
[27]. In contrast to their PCR-based gene expression evalua-
tion, our study focused on VEGF-positive cell percentages.
Compared to the control group, it increased proximal and
distal flap tissue in rats treated with Medicinal Leech Ther-
apy (MLT) and Medicinal Leech Extract (LSE).

Hirudin, a potent natural thrombin inhibitor found in
medicinal leech secretion, is believed to enhance VEGF
levels, which are crucial for angiogenesis. Additionally, the
literature suggests in vitro studies showing that LSE in-
creases VEGF expression. In a study by Unal et al., LSE’s
effects on a healthy cell line, HUVEC, demonstrated
increased VEGF gene expression and cell migration without
inducing apoptosis or necrosis [28]. Consistent with these
findings, a recent study by Unal et al. further reported that
lyophilized leech saliva extract exerted anti-proliferative
effects on breast cancer cells while promoting migration in
healthy endothelial cells, supporting its dual potential in
cancer and wound healing contexts [29].
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Our study consistently found elevated VEGF-positive cell
counts, enhanced epithelial regeneration, and increased neo-
vascularization. These findings indicate that the applied
methods in our flap model positively influence the wound-
healing process, promoting the formation of new blood vessels.

In the last stage of our study, serum samples were taken
from all animals in all groups. In addition, tissue homoge-
nates were obtained by taking tissue samples from the
proximal and distal parts of the flap regions. HIF-1-a, TGF-q,
and IGF-1 parameters were analyzed by ELISA test from all
these samples. However, no statistically significant differ-
ences in these growth factor concentrations were observed
among the experimental groups.

HIF-1-a, TGF-a, and IGF-1 play crucial roles in different
stages of wound healing, including proliferation and angio-
genesis, with mitogenic effects. HIF-1-q, particularly impor-
tant for cell survival under hypoxic conditions, regulates
various aspects of wound healing, such as cell division,
growth factor release, and matrix synthesis. TGF-a, a key
growth factor in routine healing, is highly expressed in skin
tissue. At the same time, IGF-1 acts as a chemotactic agent for
endothelial cells and promotes fibroblast and keratinocyte
proliferation and migration [30-33]. In the intricate orches-
tration of wound healing, HIF-1-a and TGF-a emerge as pivotal
players, steering the early stages of the reparative journey.
Yet, within this biological tapestry, the roles of TGF-§ and the
orchestrated motility of macrophages weave additional
threads into the narrative of recovery [34, 35]. It remains
crucial to underscore that the landscape of wound healing is
not a static tableau but rather a dynamic, intricate process.
Despite significant strides in understanding, the precise
mechanisms governing this complex biological phenomenon
are still under scrutiny in ongoing scientific exploration.

Our study is distinctive in the literature, representing
the first instance of using H. verbana leeches and direct leech
saliva injection under in vivo conditions. The findings sug-
gest that medicinal leech extract application can be an
effective agent for wound healing. Our research significantly
contributes to the existing literature by exploring the in vivo
application of leech saliva extract and examining a variety of
parameters in experimental animals.

While our findings offer promising evidence supporting
the use of medicinal leech therapy and its extract in wound
healing, there are several limitations to consider. First, the
study involved a relatively small sample size, and two animal
losses during the experiment reduced statistical power. Sec-
ond, although histological and immunohistochemical analyses
were performed, molecular investigations (e.g., VEGF mRNA
expression, angiogenic gene panels) were not included. Third,
the dose of 0.5 mL LSE at 50 pg/mL protein concentration was
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chosen to assess the effects of the crude extract. The optimal
concentration has not yet been established, as protein content
can vary considerably depending on the individual leech
and collection season. Furthermore, the exact concentration
and individual effects of the active compounds in LSE
were not isolated or quantified. Future studies should incor-
porate proteomic profiling of LSE, explore dose-dependent
responses, and examine longer-term outcomes. Additionally,
translational research into human tissue models and clinical
settings may pave the way for therapeutic applications of LSE
in reconstructive surgery.
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