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ABSTRACT

Thin and damaged endometrium represents a significant challenge in managing pregnancies, and may
contribute to postpartum uterine disorders, recurrent miscarriages, and other complications. Although
various treatments have been proposed, their effectiveness remains inconsistent. Recently, scientists have
turned their attention to platelet-rich plasma (PRP) for its growth factors and cytokines in human medicine.
However, its potential for reconstructing endometrial issues in canine models has not yet been adequately
investigated. Therefore, the present study aimed to investigate the therapeutic properties of PRP on etha-
nol-induced endometrial damage in dogs. Twelve healthy adult mixed-breed dogs were randomly divided
into four groups: group E received 95% ethanol in uterine horns to create a model of endometrial damage;
group E+NS received saline 72 hours post-injury; group E+PRP received PRP 72 hours post-injury; and
group NS+PRP was initially given normal saline and PRP 72 hours later. The results showed significant
improvements in endometrial thickness, epithelial repair, and uterine gland density in the E+PRP group
compared with the E group (P < 0.05). The E+NS group did not show significant differences in comparison
to the E group. The results showed a decrease in bleeding and necrosis severity in the E+PRP group. Addi-
tionally, hyperemia and hemosiderosis levels in the E+PRP, E+NS, and E groups were similar. In conclusion,
the utilization of PRP was successful in the treatment of ethanol-induced endometrial injury in dogs. These
findings suggest that PRP may represent a promising regenerative therapy for thin endometrium and related
reproductive disorders.
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Introduction
Yhe endometrium plays a vital role in the fe-
male reproductive system. Structurally, it
consists of blood vessels, glands, epithelial tissue, and
stroma. Previous studies have indicated that alter-
ations in uterine tissue composition and damage can
significantly disrupt the normal physiological cycle,
affecting embryo implantation and overall pregnancy
outcomes [1-3]. Moreover, endometrium thickness is
important, as it affects implantation of embryo, deliv-
ery, and fetal birth weight [4-8]. Clinical and exper-
imental evidences have highlighted that variations
in endometrial thickness can significantly influence
embryo survival rates after intrauterine insemination,
with thinner endometria correlating with lower sur-

vival rates [9, 10].

The pathogenesis of thin endometrium remains
incompletely understood and is likely multifactorial.
Several mechanisms have been proposed, including
increased cellular senility, elevated collagen deposi-
tion, and decreased expression of genes, all derived
from models of thin uterine disease, as well as inflam-
matory atrophy and immune dysfunction observed in
veterinary endometritis cases [11]. As a result, a range
of therapies has been developed to counteract these
pathogenic pathways. For instance, the efficacy of
vaginally administered sildenafil has been examined
in patients who have experienced failure in in vitro
fertilization (IVF) as a result of endometrial dysplasia
[12]. Additionally, other treatments such as estrogen,
long-acting aspirin administered in low-doses, and
intrauterine infusion of granulocyte colony-stimu-
lating factor (G-CSF) have been employed [13, 14].
Although some of these interventions have shown
promising results, the effectiveness of these therapies
remains inconsistent, and an optimal treatment ap-
proach for thin endometrium has not yet been estab-
lished.

Platelet-rich plasma (PRP) is known for its high
concentration of platelet activators that stimulate cy-
tokine and growth factor activity. Evidence suggests
that intrauterine injection of PRP can enhance en-
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dometrial growth and implantation. PRP contains a
greater number of platelets compared to general cir-
culation, which allows it to promote proliferation and
repair through a rich supply of various cytokines and
growth factors, such as transforming growth factor
beta (TGF-P), fibroblast growth factor (FGF), vas-
cular endothelial growth factor (VEGF), epidermal
growth factor (EGF), connective tissue growth factor
(CTGF), insulin-like growth factor (IGF), platelet-de-
rived growth factor (PDGF), and interleukin-8. Al-
though platelet transfusion is applied to an increasing
extent in various medical fields including osteoarthri-
tis, nerve injury, and plastic surgery, its use in gyneco-
logical and obstetric conditions is still limited [15, 16].
To date, no published in vivo or in vitro studies have
specifically evaluating the effect of PRP growth factors
on the canine endometrium. Consequently, the objec-
tive of this research was to evaluate the therapeutic
impact of PRP on the treatment of thinned endome-
trium in a canine model.

Results

None of the dogs showed clinical complications
associated with anesthesia, surgery, or intrauterine
injection procedures. In the NS+PRP group, uterine
tissue exhibited a normal structure, although mild
hyperemia was observed in some sections, which
was considered within normal physiological limits.
The endometrial cylindrical epithelium remained in-
tact and continuous, and the density of submucosal
glands was preserved at normal levels. No pathologi-
cal alterations, including hemorrhage, necrosis, or he-
mosiderosis were detected (Figure 1). In contrast, the
E and E+NS groups showed severely reduced endo-
metrial thickness due to extensive necrosis. Epithelial
regeneration was poor and intermittent in some sec-
tions. In addition, glandular density was significant-
ly diminished, with only minimal evidence of tissue
regeneration. Submucosal cellularity was severely re-
duced, and significant hemosiderosis associated with
extensive hemorrhage was observed in these tissues
(Figure 2). Conversely, the E+PRP group showed
substantial histological improvement following treat-
ment. Endometrial thickness increased significantly
accompanied by marked tissue repair. Re-epitheli-
alization of the endometrium was highly successful,
with approximately 90% epithelial healing observed.
A considerable degree of uterine gland regeneration
was also evident. Following tissue repair, submucosal
cellularity increased, while pathological changes, in-
cluding hyperemia, hemorrhage, and hemosiderosis,
were markedly reduced (Figure 3).

As presented in Table 1, the E+PRP group demon-
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strated significant improvements in endometrial
thickness, epithelial repair, and uterine gland densi-
ty compared with the E group (p < 0.05). Converse-
ly, the E+NS group showed no significant differences
in these items compared with E group. The findings
also indicated reduced severity of hemorrhage and
necrosis in the E+PRP group compared with the E
group, indicating a positive trend in improvement.

Figure 1.
Uterus
group.
The figure illustrates normal
uterine tissue structure, fea-
turing normal uterine glands
(arrow in A) located in the en-
dometrial submucosa, as well
as integrated epithelial tissue
(arrow in B) observed in all
sections of the healthy group.
In all pictures, the density of
uterine glands and the cellu-
larity of the submucosa were
found to be consistent and
normal. H&E staining.

of dogs, NS+PRP

Figure 2.

Uterus of dogs, E and E+NS
groups.

The figure shows extensive
necrosis of the endometrial
epithelium (arrows in A and
B), accompanied by severe
hemorrhage and hyperemia
of the submucosal vessels (ar-
row in D). Additionally, there
was a significant reduction in
endometrial thickness due to
necrosis and marked destruc-
tion (arrow in C) of the epithe-
lium, submucosa, and uterine
glands. H&E staining.

In contrast, the E+NS group exhibited no changes or
improvement trends relative to the E group. Further-
more, the levels of hyperemia and hemosiderosis in
both the E+PRP and E+NS groups did not differ sig-
nificantly from those in the E group (Table 1), though,
E+PRP group showed relatively improved outcome
(Figure 3).
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Table 1.
Histopathologic findings in different experimental groups.
Groups
Parameter -
E E+NS E+PRP NS+PRP Unit P-values
Epithelial healing  10® 10° 90® 100° % 0.025
Endometrial
. 422 +091 4.75+1.73* 9.76 £ 3.41° 12.87 £ 4.67°¢ Mean + SD 0.036
thickness (pm)
No. of uterus
3.19£0.512 4.22 £0.36° 21.50 £ 2.08® 37.62 £ 4.84° Mean £ SD < 0.0001
glands
Hyperemia 2.0 (1.0-3.0)* 2.0 (1.0-2.0)* 1.0 (0.0-1.0)* 0.0 (0.0-0.0)® Median (IQR) 0.025
Hemorrhage 3.0 (2.0-3.0)2 2.0 (2.0-3.0)* 1.0 (1.0-2.0)® 0.0 (0.0-0.0)® Median (IQR) 0.036
Cellularity 2.0 (2.0-3.0)* 2.0 (1.0-2.0)* 1.0 (0.0-1.0)® 0.0 (0.0-1.0)® Median (IQR) 0.052
Hemosiderosis 2.0 (1.0-2.0)2 2.0 (1.0-3.0)2 1.0 (0.0-1.0)a 0.0 (0.0-0.0)® Median (IQR) 0.059
Necrosis 3.0 (2.0-3.0)2 2.0 (2.0-3.0)* 1.0 (1.0-2.0)® 0.0 (0.0-1.0)® Median (IQR) 0.036
a,b,c: different letters in each row indicate statistically significant difference (p < 0.05)
NS: normal saline, E: ethanol, PRP: platelet rich plasma, IQR: interquartile ranges, SD: standard deviation.
Figure 3.

Discussion

Endometrial thickness is a key factor in success-
ful embryo implantation during in vitro fertilization
procedures [17, 18]. Routine clinical causes of en-
dometrial thinness include diminished production
of VEGF and low levels of estrogen, leading to vari-
ous proposed treatments; however, results have often
been unsatisfactory [19]. Consequently, treating thin
endometrium stays a significant problem in repro-
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Uterus of dogs, E+PRP group.

This figure illustrates the im-
provement and repair of the
submucosa (arrow in A) and
increased cellularity, as well
as significant healing of the
endometrial epithelium (ar-
row in B) and regeneration of
uterine glands (arrow in C).
Additionally, the presence of
hemosiderosis (brown cells
in D) indicates prior bleeding
and its subsequent healing.
H&E staining.

ductive medicine.

In the present study, ethanol-induced endometri-
al atrophy in dogs was used as an experimental model
to evaluate the beneficial impact of PRP on the thin
endometrium. The results demonstrated that PRP
increased the proliferation of endometrial mesenchy-
mal and epithelial cells and facilitated blood vessel de-
velopment, resulting in increased endometrial thick-
ness and a more favorable environment for embryo
implantation. Observations of uterine morphology

PRP effects on canine damaged endometrium
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and histopathological examination further showed
that the reparative effect of PRP extended beyond the
change in endometrial thickness, as PRP treatment
also improved uterus external morphology. PRP ef-
fectively improved uterine stricture and discoloration
as a result of ethanol injury, returning the uterus to
its normal condition. In the injured group, a decrease
in the parameters including endometrial cells, glands,
and blood vessels, along with epithelial cells loss, was
observed. Conversely, in the group treated with PRP,
these conditions improved, particularly in terms of
glandular number and cell density. PRP may enhance
endometrial receptivity by promoting cell prolifera-
tion, vascularization, and anti-inflammatory proper-
ties while reducing fibrosis, supported by concentrat-
ed peptides, growth factors, and cytokines, leading to
improved endometrial thickness [8].

In all ethanol treated groups, hemosiderin depos-
its were observed within the endometrial tissue, in-
dicating previous hemorrhage and erythrocyte degra-
dation. Hemosiderosis is recognized as a histological
marker of tissue injury and repair, reflecting phago-
cytosis of extravasated erythrocytes and iron accu-
mulation within macrophages rather than ongoing
necrosis [20, 21]. The presence of hemosiderin across
groups, including those subsequently treated with
PRP, indicates that vascular damage had occurred but
was undergoing resolution, supporting the interpreta-
tion of healing rather than persistent injury.

Regenerative medicine, defined by Mason &
Dunnill (2007), focuses on replacing or regenerating
human tissue or organ cells to restore their normal
function [22]. This innovative approach is particularly
significant in treating chronic diseases that current-
ly lack definitive cures. Key components of regener-
ative medicine include stem cells, growth factor-rich
platelets, biological proteins, and gene therapy. The
primary benefits of this treatment are its capability to
regenerate tissue and the reduced risk of adverse re-
actions from allografts. Among the various cell types,
platelet cells have garnered attention due to their rich
growth factor content and ease of access [23]. Current
research is exploring autologous blood products, such
as PRP, to leverage the beneficial effects of growth fac-
tors in tissue repair. These growth factors release from
alpha granules of the platelets, playing a fundamental
role in the process of healing [24]. PRP acts as a source
of chemical mediators during inflammation, releasing
factors like VEGE, TGE and EGEF, which regulate mi-
gration of cells, adhesion, proliferation, and differen-
tiation, while enhancing aggregation of the extracellu-
lar matrix [25, 26]. As was also shown in the present
study; the utilization PRP has been shown to improve
endometrial tissue in dogs. It is worth noting that its
utilization has minimal risk of disease transmission or

PRP effects on canine damaged endometrium

IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY

immune reactions due to its autologous preparation
[27]. In this study, no infections or damage were ob-
served following PRP injections.

The growth factors contained within PRP have
established roles in angiogenesis, epithelial prolifer-
ation, and tissue repair. In canine PRP preparations,
these mediators have been quantified at biologically
active concentrations [28, 29], supporting their rele-
vance in reproductive tissue remodeling. Mechanis-
tically, VEGF promotes neovascularization within
the endometrium, thereby improving blood supply,
reducing hemorrhage and ischemic necrosis. PDGF
stimulates stromal fibroblast and smooth muscle
proliferation, facilitating extracellular matrix depo-
sition and the expansion of endometrial thickness.
In addition, TGF-B1 modulates epithelial stromal
interactions and attenuates excessive inflammatory
cellularity, contributing to a more organized tissue
architecture. Collectively, these pathways provide a
plausible explanation for the histological findings ob-
served in this study, including increased endometrial
thickness, improved glandular density, alongside re-
duced hemorrhage, cellular infiltration, and necrosis
in the canine uterus under a thinned endometrium
model. Although direct uterine studies in dogs are
limited, the regenerative potential of PRP in canine
tissues have been demonstrated in musculoskeletal
and cutaneous healing contexts [30], and the same
growth factor driven mechanisms can be reasonably
extrapolated to endometrial repair. The present find-
ings therefore align with the known biological activity
of PRP growth factors in dogs and extend their appli-
cation to reproductive physiology, highlighting PRP
as a promising adjunct in managing endometrial in-
sufficiency and related fertility disorders.

It is important to recognize that endometrial re-
generation differs substantially between humans and
dogs, reflecting divergent reproductive strategies.
In women, the functional layer of the endometrium
undergoes cyclic shedding during menstruation fol-
lowed by rapid regeneration from basalis stem/pro-
genitor cells, enabling scar free repair and receptivity
for implantation [31]. In contrast, dogs are non men-
struating species in which the endometrium under-
goes hormonally driven remodeling characterized by
prolonged proliferative and secretory phases, slow
regression, and limited regenerative turnover. Canine
reproductive pathology more commonly involves
disorders such as cystic endometrial hyperplasia and
pyometra rather than thin endometrium [20]. These
species differences highlight why thin endometrium
is a major clinical concern in human infertility com-
pared to dogs. However, despite the paucity of similar
studies on the canine endometrium, the results of the
present study are comparable to those from human
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studies. PRP administration resulted in significant rise
in endometrial thickness and successful pregnancies
in individuals with thinned endometrium [32, 33, 8],
or during frozen embryo transfer cycles [34]. These
findings align with the results of the current study.

Few studies have investigated the underlying
mechanisms of PRP treatment. However, available
evidence suggests that PRP may enhance endometrial
receptivity by promoting cell proliferation, increasing
vascularization, and exhibiting anti-inflammatory
properties, while also reducing fibrosis. These effects
are likely mediated by the concentrated peptides,
growth factors, and cytokines present in PRP, which
contribute to endometrial thickening [8]. A recent
study by Montolio et al. (2025) analyzed growth fac-
tor concentrations in canine PRP preparations using
canine-specific ELISA kits, and demonstrated signifi-
cantly higher levels of TGF-B1 and PDGEF-BB, with a
strong positive correlation between platelet concentra-
tion and TGF-f1 levels. This suggests that the in house
method effectively concentrates platelets and growth
factors in products like PRP and platelet lysate, indi-
cating that platelet concentration may predict specific
growth factor levels [28]. Although fertility outcomes
were not evaluated in the current study, the observed
histomorphological improvements provide an im-
portant experimental basis for future in vivo fertility
trials in dogs. Similarly, Puente et al. (2020) reported
that PRP could regenerate endometrial tissue by en-
hancing vascularity and thickness, ultimately leading
to successful pregnancies [35].

The regenerative effects observed in this study
can also be compared with other biologic therapies
investigated in canine regenerative medicine. Mes-
enchymal stem cells (MSCs) derived from adipose or
endometrial tissues have demonstrated paracrine ac-
tivity that promotes angiogenesis, modulates inflam-
mation, and supports tissue repair. Canine endome-
trial MSCs, for example, have been characterized as
multipotent and shown to exert cytoprotective effects
through their secretome, suggesting potential utility
in reproductive tract regeneration [36, 37]. Similarly,
G CSF has been employed in canine models to mo-
bilize progenitor cells and enhance hematopoietic
recovery, with recombinant canine G CSF improving
immune function and demonstrating systemic regen-
erative potential [38, 39]. Compared with these cell
based or cytokine approaches, PRP offers a practical
autologous source of growth factors such as PDGE
VEGE, and TGF-f1, which directly enhance vascular
integrity, epithelial repair, and glandular regeneration.
In the present study, PRP treatment reduced necrosis,
improved endometrial thickness, and restored gland
density, paralleling the beneficial outcomes reported
with MSCs and G CSE but with fewer technical chal-
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lenges related to cell isolation, expansion, or recombi-
nant cytokine administration. These findings support
PRP as a feasible adjunctive therapy in canine uterine
injury models.

Several limitations of the present study should be
acknowledged. The relatively small sample size, se-
lected in accordance with ethical principles aimed at
minimizing animal use, limits the generalizability of
the findings and supports classification of this work
as a pilot study. Nevertheless, PRP with its reservoir
of angiogenic and immunomodulatory growth fac-
tors, may offer novel adjunctive therapy for canine re-
productive disorders. Although PRP has not yet been
extensively investigated in conditions such as pyome-
tra, postpartum subinvolution, or repeated breeding
failure, its regenerative effects in other canine tissues
[30] suggest potential benefits for restoring endome-
trial integrity and enhancing reproductive outcomes.

In summary, platelet-rich plasma was successful-
ly utilized to treat ethanol-induced thin endometrium
in dogs. Compared with untreated injured animals,
platelet-rich plasma demonstrated the ability to im-
prove thickness of the endometrium in dogs via rising
the number of stromal glands and cells, diminution of
fibrous areas, and elevating angiogenesis. In conclu-
sion, this study offers both a theoretical and experi-
mental foundation for the clinical application of PRP
in treating thinned endometrium.

Materials and Methods

Declaration of Generative Al and Al-assisted
technologies in the writing process

During the preparation of this report, the authors used PopAi
tool to rewrite some parts of the manuscript and check its gram-
mar. After using this tool/service, the authors review and edit the
content if needed and maintain full accountability and responsi-
bility for the content of their work.

Ethical approval

All experimental procedures were performed in accordance
with institutional and were approved by University/Regional Re-
search Ethics Committee, University of Tabriz (approval ID: IR.
TABRIZU.REC.1399.075).

Animals and study groups

In the present study, 12 healthy adult mixed breed dogs were
included, with a mean body weight of 35 + 4 kg and a mean age
of 14 + 2 months. The animals were maintained under controlled
environmental conditions, at an average temperature of 25 °C and
a 12-hour light/dark cycle. Commercial food and water were pro-
vided ad libitum throughout the study period. Only dogs in the
anestrus phase of their sexual cycle were included in the study.
Animals without vaginal discharge were selected for inclusion.
Furthermore, those with small and smooth ovaries and quies-
cent uterus during laparotomy were entered to the study. To ex-
perimentally induce weak endometrium and endometrial dam-
age, 95% ethanol was administered into the uterus, according to
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previously described methods [40, 41]. The dogs were randomly
assigned into four experimental groups: Group 1 (E) underwent
95% ethanol injection into uterine horns to induce endometrial
damage; Group 2 (E+NS) received normal saline 72 hours after
the uterine injury; Group 3 (E+PRP) received platelet-rich plasma
72 hours post-injury; and Group 4 (NS+PRP) received normal sa-
line in both uterine horns and platelet-rich plasma 72 hours after
initial injection.

Preparation of platelet-rich plasma

To prepare PRP, 20 ml blood was collected from the cephalic
vein using a sodium citrate tube. The blood samples were sub-
sequently underwent centrifugation at 1000 x g for 5 minutes,
resulting in the formation of three distinct layers: platelets and
white blood cells formed the upper layer, the buffy coat which is
full of white blood cells was the middle layer, and the red blood
cells formed the lower layer. The upper and middle layers were
carefully transferred into a sterile tube to obtain leukocyte rich
PRP. The separated plasma underwent a second centrifugation at
1500% g for 15 minutes using a double-spin protocol. Following
centrifugation, the upper two-thirds of the platelet-poor plasma
was discarded, leaving 3 ml above the pellet. The remaining pel-
lets, which represent the platelet-rich plasma, were then homoge-
nized and resuspended in the residual plasma to obtain about 5.3x
the baseline concentration [42, 43].

Preoperative preparation and exploratory lap-
arotomy

Exploratory laparoscopy was utilized for administration of
ethanol, normal saline, and platelet-rich plasma into the uterine
horns. Prior to the procedure, premedication was administered
with 0.05 mg/kg of 1% acepromazine (IM, Alfasan, Worden,
The Netherlands). General anesthesia was induced using 5 mg/
kg of 10% ketamine (IM, Alfasan, Worden, The Netherlands) and
0.25 mg/kg of 0.5% diazepam (IV, Kimia Daru, Iran). Following
endotracheal intubation, anesthesia was maintained with halo-
thane in oxygen (Halothane BP, Nicholas Piramal India limited,
India). During surgery, intravenous serum therapy was adminis-
tered using 0.9% normal saline (Sodium Chloride, L.PP.C., Teh-
ran, Iran) together with 1 g cefazolin (Cefazolin-Exir, Exir Co.,
Tehran, Iran). The surgical site was prepared aseptically, and an
incision was made through the linea alba to access the abdomi-
nal cavity. After identification of the uterine horns, 3 to 5 ml of
either non-toxic 95% ethanol (Groups E, E+NS; and E+PRP) or
normal saline (Group NS+PRP) was injected into each horn. A
second Laparotomy was performed 72 hours later as previously
described, and 0.5 to 1 ml of normal saline (Group E+NS) or PRP
(Groups E+PRP and NS+PRP) was injected into uterine horns,
except for group E in which ovariohysterectomy was carried out at
this second surgery for tissue collection . The abdominal wall was
then sutured in three layers. Following the intrauterine injections
and surgery, the dogs were monitored for their general condition
and appetite.

In the experimental groups, ovariohysterectomy was conduct-
ed to collect uterine horn samples. Premedication and general an-
esthesia were administered as in previous surgeries. After incising
the linea alba and locating the uterine horns, the ovarian pedicles
were transected using the two-forceps technique. The broad liga-
ment and arteries were ligated and cut. A sample was then taken
from the bifurcation of the uterus after the uterine body was tran-
sected using transfixation and simple ligatures. An incision was
made at the bifurcation and the sample placed in 10% formalin.
The abdominal wall was sutured in three layers. The sutures were
removed two weeks after surgery, during which the dogs were
monitored for their general condition and appetite.
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Tissue sampling and histopathologic studies

In group E, tissue sampling was performed 72 hours after the
injection of 95% ethanol. For the E+NS, E+PRP, and NS+PRP
groups, which assessed the effects of normal saline and plate-
let-rich plasma in uteri with damaged endometrium, or PRP
effects in normal endometrium, ovariohysterectomy was per-
formed 14 days after the final intrauterine injections. Collected
uterine tissues were transferred to the pathology laboratory for
sampling, sectioning, and slide preparation. Samples were fixed
in 10% buffered formalin at a volume at least ten times that of the
samples. After 24 hours, the formalin was replaced, and sections
were prepared from the uterine tissue for processing. The tissue
preparation steps included dehydration using ascending alcohol
concentrations, clarification with xylene, and removal of alcohol,
followed by embedding in molten paraffin. Sections of 4 to 5 um
in thickness were prepared using a microtome, placed in an oven
at 56 °C for thirty minutes, and then stained with hematoxylin
and eosin. The prepared slides were evaluated by a pathologist
unaware of the groups, using a conventional light microscope
(Olympus-CH30, Japan) for endometrial thickness, epithelial
healing, and uterine gland density. Other potential pathologic le-
sions, including necrosis, hyperemia, hemorrhage, cellularity, and
hemosiderosis, were also examined. The mean of 3 measurements
per uterine horn were calculated to account for heterogeneity. In
cases where no lesions were observed, the normal state was as-
signed a grade of 0, mild lesions got a grade of 1, moderate lesions
were given a grade of 2, and severe lesions obtained a grade of 3.

Statistical analysis

Quantitative data were analyzed using ANOVA, while the
observed histopathological findings were considered semi-quan-
titative data, analyzed through non-parametric methods includ-
ing Kruskal-Wallis for between-group comparisons, followed by
post-hoc Dunn's tests for pairwise differences. SPSS statistical
software (SPSS for Windows, Version 22, Inc., Chicago, Illinois,
USA) was utilized to analyse the data, with a confidence level set
at 95%. A P-value of less than 0.05 was accepted as statistically
significant .
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