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Abstract

ISTAL limb wounds in horses account for more than 60% of all wounds. This study
Ddescribed the clinical effect of mesenchymal stem cell-derived microvesicles (MVs) on

healing of equine distal limb chronic wounds. Twelve Arabian horses with distal limb
granulating wounds (Group I, n=6) or ulcerated wounds (Group II, n=6) were treated surgically either
by excision of the granulating masses or debridement of ulcers. In group I, the horses were divided
randomly into two subgroups (3 horses each); subgroup 1 was given two doses of topical and
subcutaneous injection of M Vs after surgery. Subgroup 2 (control) was treated only by surgery. Group
I was divided randomly into two equal subgroups; subgroup 1 was given one dose of topical and
subcutaneous injection of MVs after surgery and subgroup 2 was treated by debridement (control).
Healing progression was documented using digimizer image analysis software and data were
statistically analyzed. The mean areas of the granulating and ulcerating wounds were 81.71£3.25 cm2
and 18.91£1.78 cm2, respectively. In group I, complete wound healing was achieved on days 70£3.5
and 100+4.32 in subgroups 1 and 2, respectively. However, complete wound healing was achieved in
group II on days 27+2.3 and 4143.1 in subgroups 1 and 2, respectively. There were statistically
significant differences in wound area reduction between the two subgroups in both groups (P<.05). In
conclusion, this preliminary study indicated that topical and subcutaneous injection of MVs after
surgical interferences may enhance healing of the chronic wounds in distal limbs of horses.

Keywords: Chronic wound, Equine, Mesenchymal stem cell, Microvesicles, Regenerative medicine.

Introduction

The skin has thermoregulatory, protective, metabolic,
sensory and many other important functions.
Therefore, healthy skin is necessary for good health
and treatment of skin wounds has a high priority to
avoid several complications [1].

In equine practice, distal limb wounds are
common and account for more than 60% of all
wounds [2, 3]. These types of wounds are often more
challenging to manage since the skin around the
distal limb wound is more difficult to suture [2].
Moreover, owing to extensive tissue loss and

contamination, vascular supply and motion, healing
of these wounds is usually delayed in comparison
with that of proximal limb wounds [4, 5]. Therefore,
open wounds at the distal extremities heal by
secondary intention in most cases. In this type of
wound healing, granulation tissue accumulates to fill
the wound bed, followed by re-epithelialization and
wound contraction [6, 7]. However, if the open
wounds become infected, several complications like
delayed healing, bone sequestration, over granulating

*Corresponding author: Ashraf M. Abu-Seida, E-mail: ashrafseida@cu.edu.eg Tel.: +201001997359

(Received 05/01/2024, accepted 04/03/2024)
DOI: 10.21608/EJVS.2024.260906.1767

©2024 National Information and Documentation Center (NIDOC)


mailto:ashrafseida@cu.edu.eg

1766 MARWA H. HASSAN et al.

tissue formation, scar tissue formation, and
surrounding tissue infection may occur [8].

Several studies have been carried out to develop
novel therapeutic alternatives for both horses and
humans with non-healing skin wounds [3, 9-11].
Most of these studies focused on the promising
clinical therapeutic using of stem cells for treatment
of non-healing and recurrent immune-mediated skin
diseases which have not responded to the
conventional therapy [6, 12, 13].

Microvesicles (MVs) or exosomes are membrane
vesicles that are released by many types of cells from
the endosomal compartment or as shedding vesicles
from the cell surface. MVs act as important
mediators of cell-to-cell communication, promote
self-repair and play crucial role in stem and injured
tissue cells communication [14, 15]. Therefore,
mesenchymal stem cell (MSC)-derived MVs
significantly enhanced skin wound healing, collagen
synthesis, and wound area revascularization in a dog
model with full-thickness skin defects and exhibited
rapid wound closure [16].

Considering the benefits of MSC-derived MVs in
wound healing in experimental studies, MSC-derived
MVs were applied in this preliminary study for the
treatment of Arabian horses with distal limb chronic
wounds. This prospective randomized controlled
study evaluated the clinical effect of topical and
subcutaneous infiltration of MSC-derived MVs on
healing of distal limb chronic wounds in equine.

Material and methods

Ethical approval

This study was approved by the Animal Care and
Use Committee at the Faculty of Veterinary
Medicine, Cairo University (Vet-CU/
12/10/2023/29), Egypt. All institutional and national
guidelines regarding the care and use of animals
were applied.

Animals

Twelve Arabian horses with chronic distal limb
wounds were admitted to the surgery clinic at
Faculty of Veterinary Medicine, Cairo University,
Egypt. The age of the affected animals ranged
between 3 and 5 years (mean 4.24+0.3 year). The
animals included 7 horses and 5 mares. Their body
weight ranged between 350-380 kg (mean 365+3.7
kg). All owners attempted conventional treatment
with a systemic antibiotic (Procaine penicillin) for a
week and daily dressing with Povidone iodine
solution for 1.5- 2 months with unsatisfactory results.

A complete case history and thorough clinical
examination were performed. A written consent was
obtained from all owners before treatment. These
horses were divided into two main groups (6 animals
each) according to the nature of distal limb wounds.

Group I included horses with granulating wounds
and group II included horses with ulcerative wounds

Surgical procedures

Food was withheld for 12 h before surgery.
Animals were premedicated with intravenous
Xylazine HCl (1.3 mg/kg) and anesthesia was
induced with intravenous Thiopental sodium (6
mg/kg). Anesthesia was maintained with triple drip
of one liter of 5% Guaiphenesin solution with
Xylazine HCl (1 mg/mL) and Ketamine HCI (2
mg/mL) administered at 2 mL/kg/h [17]. All animals
were prepared for aseptic excision of the granulating
masses (group I) or debridement of the ulcerative
lesions (group II). The excised masses were fixed in
10% formalin solution. Then, histopathology sections
were prepared, stained with hematoxylin and eosin
(H&E) stain as well as examined under a light
microscope.

Postoperative treatment and follow up

Postoperatively, topical Fusidic acid cream
(Fucidin cream 2%, Leo Laboratories Limited,
USA) was applied in all animals, followed by
pressure bandage application for 7 days. Antitetanic
serum (3,000 IU) was subcutaneously administered
in all animals. Penicillin—streptomycin combination
(Penstrep®, Kepro B.V., Netherlands) was injected
intramuscularly once daily at doses of 10,000 IU
penicillin/kg and 10mg streptomycin/kg, for 5 days.
Intravenous Phenylbutazone (Phenylbutazone 20%
injection, Aspen co., Durban, South Africa) was
administered as initial dose of 8 mg/kg at the first
day, and then continued at a dose of 4 mg/kg once
daily for 3 successive days as an anti-inflammatory
drug.

After 7 days of surgery, the animals in each group
were further subdivided randomly into two
subgroups (3 animals each) according to the
treatment after surgery. Subgroup 1 (Surgery + MVs)
in both groups received topical and subcutaneous
infiltration of MVs around periphery of the wounds
after one week of surgery. However, the wounds in
subgroup 2 (control) in both groups were dressed
with a thin layer of inert hydrogel (Polyethylene
glycol) and given 4 mL subcutaneous infiltration of
sterile distilled water around periphery of the
wounds. The wounds were covered by Mepore sterile
dermal patches (Molnlycke® Health Care, Sweden)
and protective bandage. The bandage was changed in
5-day intervals and the wounds were dressed with
Povidone iodine solution only until complete wound
healing.

In group I, an amount of 3gm of powdered
heterogenic lyophilized MSC-derived exosomal
solution (Bioluga®™, Canada) was applied to the clean
wound surface at day 7 after surgery in subgroup 1.
The exosomal solution was prepared following the
protocol developed before [16].The lyophilized
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product was reconstituted in 8 mL sterile water for
injection and mixed well until a homogenous gel
solution was obtained. Half the dose (4 mL) was
infiltrated subcutaneously in 8 points using a 14
gauges needle (16 mm length) at 0.5 cm from the
periphery of the wound, and the other half was
applied as a topical dressing. The wounds were
covered by Mepore sterile dermal patches and
protective bandage. A second dose of MVs solution
was repeated by the same protocol after four weeks
of the first dose. The bandage was changed after
one week of the first exosomal treatment and in 5-
day intervals thereafter. Dressing with Povidone
iodine solution was performed until complete wound
healing was achieved.

In group II, the ulcerated wounds in subgroup 1
received a single dose of topical and subcutaneous
infiltration of MVs as mentioned before on day 7
after the surgery. The wounds were covered by
Mepore sterile dermal patches and bandage. The
bandage was changed after one week of the
exosomal treatment and in 5-day intervals thereafter.
Dressing with Povidone iodine solution was
performed until complete wound healing was
achieved.

Healing progression in all animals was
documented using digimizer image analysis software
(Belgium) through wound measurement by two
examiners who were blinded to the study design.

Statistical analysis

All data were reported as mean and standard
deviation (SD). Independent sample t-test was used
for comparison of reduction in wound area between
the two subgroups in each group. A repeated measure
ANOVA with a Greenhouse-Geisser correction was
performed to compare the effect of MVs on the
wound area reduction through different time points.
Data were analyzed using PASW statistics, version
18.0 software (SPSS Inc., Chicago, II., USA).
Statistical significant was considered at P< 0.05

Results

All wounds were present at the fetlock and
pastern regions. The etiology of all wounds was
trauma since 2 to 3 months. Horses with granulating
wounds suffered from pain, slight lameness,
restlessness and anorexia. These horses had multiple
lobulated granulating masses mainly at the caudal
aspects of the fetlock and pastern regions (Fig. 1).
The wounds’ areas (cm?) after surgery in both groups
and subgroups are shown in Table (1).

Histopathological examination of the excised
masses revealed overgranulating tissue. The
granulation tissue had well-organized condensed
fibrous tissue with newly formed blood vessels and
inflammatory cell infiltration (Fig. 2a). Hyperplasia

and migration of epidermal cells were also observed
(Fig. 2b).

In group I (Granulating wounds), the mean area
of the granulating wounds in the examined horses
after the surgery was 81.71+3.25 cm” (Fig. 3a). After
7 days the wounds became clean and ready for
treatment with MVs in subgroup 1 (Fig. 3b). Stages
of wounds’ healing following surgical excision of the
granulating tissues and using of double doses of
exosomal solution of MVs are shown in Figures 3c-¢
and table (1). Finally, the wounds healed completely
with scar tissue formation on day 70+3.5 (Fig. 3f).
Marked reduction in the wound area was observed in
the affected horses and complete wound healing with
scar tissue formation was achieved in group I on days
70£3.5 and 100+4.32 in subgroups 1 and 2,
respectively. In subgroup 2 (control subgroup), there
was marked delayed healing in the wounds of all
horses (Fig. 4). There was statistically significant
difference in wound healing between both subgroups
1 and 2 (P< .05). Also, there were statistically
significant differences in wound area reduction along
different time points in both subgroups of group I
(P<.095).

In group II (Ulcerating wounds), the wounds were
circular, necrotized, and ulcerated. The mean area of
ulcerative wounds in the examined horses was
18.91£1.78 cm® (Fig. 5a). The stages of wound
healing in horses with ulcerative wounds treated by
surgical debridement and MVs applications are
illustrated in Figure 5 and table (1). Complete wound
healing following a single dose of MVs treatment
was achieved with scar tissue formation on day
2742.3 (Fig. 5d). Complete wound healing in the
affected horses was achieved on days 27+2.3 and
41£3.1 in subgroups 1 and 2, respectively. In
subgroup 2 (control subgroup), there was marked
delayed healing in the wounds of all horses (Fig. 6).
There was statistically significant difference in
wound healing between subgroups 1 and 2 (P< .05).
Also, there were statistically significant differences
in wounds’ area reduction along different time points
for the horses with ulcerating wounds in both
subgroups (P<.05).

Discussion

Distal limb wounds in horses are often more
problematic than wounds located elsewhere owing to
their proximity to the ground, making them more
likely to become contaminated and infected.
Moreover, the skin in the distal portion of the limb is
poorly vascularized compared with that located
elsewhere on the horse’s body [18]. This preliminary
study indicated that topical and subcutaneous
injection of MVs after surgical interferences may
enhance healing of the chronic wounds in distal
limbs of horses.
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Surgical debridement of the wounds facilitates
fast neovascularization and fibroblast growth, which
are the basis for the production of collagen and other
components of the extracellular matrix and tissue
regeneration [18, 19]. Therefore, all horses in the
present study were treated with either surgical
excision of the overgranulating tissue or debridement
of the ulcerative wounds

Granulation tissues formation is an essential
process in successful chronic skin wound healing that
is created by fibroblasts, which are composed of type
III collagen. Granulation tissue has a significant role
in filling the wound space, forming a barrier between
the body and external contaminants, and serving as
support for cells that contribute to wound repair [19-
21]. New blood capillaries are formed by endothelial
cells in the granulation tissue. In case of chronic low-
grade inflammation and fibroproliferative disorders,
excessive granulation tissue deposition occurs and it
is called proud flesh or exuberant granulation tissue
(EGT). It is characterized by visually irregular with a
pebbled, moist surface protruding beyond the wound
margins, making it susceptible to abrasions,
secondary infections, and reinjures and may delay or
inhibit the migration of epidermal and epithelial cells
and keratinocytes; furthermore, it may lead to the
lack of wound closure [12], which was observed in
the present study.

In the current study, horses with granulating
wounds suffered from pain and loss of mobility due
to the presence of wounds. These findings are
consistent with the results of earlier workers [22].

The distal limb wounds reported here did not
show complete healing despite several therapies were
tried for 1.5 to 2 months; the horses were associated
with extremely high rates of recurrence as these
wounds have no effective treatment regimen. Similar
findings were recorded before [23]. For this reason,
treatment alternative by using MVs or exosomes was
tried for the treatment of non-healing chronic wounds
in the presented horses. In the first step of the
treatment protocol, surgical excision of EGT was
performed to rapidly improve granulation tissue
formation and promote wound contraction.

Exosomes are one of the many secretory factors
released by MSCs and have been described as the
most important and effective components [16, 24,
25]. Therefore, exosomes are considered important
mediators of cell-to-cell communication [14, 15].
Exosomes may act as paracrine or endocrine
mediators that interact with neighboring cells,
modulate immune responses, promote self-repair
from cells that survive injury, and play an important
role in stem and injured tissue cell communication
[14, 15].

The wound area was calculated by using a
digimizer considering that the wound has irregular
wound edges, with no accurate length and width. The

mean wound area in the examined horses with
granulating wounds started from 81.7lcm’ to
complete disappearance with scar tissue formation
when the wound area was 0 due to MSC-derived
exosomal treatment that significantly enhanced
wound reduction. Due to the large wounds’ area, two
doses of MVs with four weeks in between were
given to enhance complete healing. The gross
evaluation of wounds revealed early and better
wound contraction as well as closure. Early
crustation and deposition of healthy granulation
tissues resulted in complete wound healing and skin
regeneration. Thus, this study showed better and
faster healing of the MVs-treated wounds throughout
the 70-day treatment period. In contrast, these
wounds have not healed before the MVs treatment or
with traditional methods.

Moreover, MVs did not only enhance wound
reduction but also compensated tissue loss. After the
second dose of MVs treatment, the wounded area
became 0 after 70+£3.5 days, and scar tissue
formation covered the entire gap. Conversely, the
ulcerative wound in the examined horses did not
require a second dose of MVs treatment because the
healing completely occurred with scar tissue
formation on day 27+32.3.

Based on the available literature, exosomes are
proven to exert an important mechanisms for
cutaneous wound healing, including proangiogenic
effects (promote angiogenesis and enhance tubular
formation), activating wound healing pathways, and
promoting growth factor secretion and collagen
synthesis [16, 26, 27]. Moreover, exosomes
compensate for the tissue loss in the wound area.

The main limitation of this study is the small
population of the horses and future studies on large
numbers of horses are recommended. Moreover,
Histopathology studies on wound healing after
application of mesenchymal stem cell — derived MV
are suggested in the future.

Conclusion

The topical application with subcutaneous
infiltration of MVs enhances the chronic wound
healing in distal limbs of Arabian horses after
surgical interference.
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Fig. 1. (a, b) Granulating wounds at the fetlock and pastern regions in two Arabian horses. (¢) The excised

granulating masses after the surgery.

Fig. 2. (a) Photomicrograph of the excised granulation tissue showing well-organized condensed fibrous tissue, newly
formed blood vessels and inflammatory cell infiltration (20X, H&E). (b) Photomicrograph of the excised
granulation tissue showing hyperplasia and migration of epidermal cells (40X, H&E).
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Fig. 3. (a) Granulating wound after surgical excision of the over granulating masses on day 0 in a 5-year-old Arabian
stallion. (b) Clean wound ready for the first dose exosomal solution of MVs treatment on day 7. (c-e¢) Showing
different stages of wound healing following exosomal solution of MVs treatment on days 20, 40 and 60. (f)
Showing complete wound healing with scar tissue formation on day 70.
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Fig. 4. (a) Granulating wound at the pastern region of a 4-year-old mare in subgroup 2. The same wound
after 7 days (b) and 25 days of surgical excision of the overgranulating masses showing delayed
wound healing (c).

Fig. 5. (a) Ulcerated wound in a 6-year-old Arabian mare before surgical debridement. (b) Clean wound ready for
treatment with MVs on day 7. (c¢) Showing the wound healing on day 15 following MVs treatment. (d) Nearly
complete wound healing with scar tissue formation on day 25.
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Fig. 6. (a) Ulcerated wound at the fetlock and pastern regions of a 3-year-old stallion in subgroup 2. The same wound
after 25 days of surgical debridement showing delayed wound healing (b).
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