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Effects of autologous platelet-rich plasma on skin healing in dogs
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Abstract

This study aimed to evaluate the benefits of using platelet— rich plasma (PRP) on wound healing. The study performed on
ten adult male dogs, aged 2-3 years and their weight were 18-25 kg. Under the effect of deep sedation and local subcutaneous
anesthesia at the site of wound, four of (2x2) cm of full-thickness square cutaneous wounds were induced, two on each side of
the lateral thoracic region of each animal. A pair of left wounds was treated by injection with 5 mL of autonomous PRP
(treatment group), 2 mm lateral to the wound edges and in the wound center., immediately after wounding while, right
wounds, were injected with a single dose of 5ml of sterile saline (control group) by using the same procedure as in treatment
group. The clinical and histopathological evaluation of each group for five weeks, histological biopsies were taken in the days
(3, 7, 14, 21, 28 and 35) of the experiment. The clinical evaluation of PRP treated wounds showed that the wound healing
process (% contraction, % re-epithelization and % total wound healing) were significantly more (P<0.05) than the control
wounds during the five weeks study. The histopathological results revealed that PRP treated wounds have enhanced cellularity,
increased vascularity, with increased amount of granulation tissue accompanied by increase numbers of skin appendages
suggesting enhanced cutaneous regeneration, than those in untreated wounds. Depending on the clinical and histopathological
findings, this study confirms that local implantation of PRP leads to acceleration and improvement cutaneous wound healing.
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Introduction

Wound repairing is complexes  multifactorial
processthose outcomes in the constriction and conclusion of
the imperfection and rebuilding of a useful boundary. This
process occurs as a sequence of events including
hemostasis, inflammatory cell infiltration, tissue regrowth,
and remodelin (1,2). Wound healing biologists aim to
understand how a wound healing procedure can be induced
to repair the damaged tissues faster and more efficiently
(3,4). Enhancement of dermal and epidermal regeneration is
an extremely important goal for the treatment of many
different types of wounds (5). Wound healing is regulated
by several cell types and by a cascade of peptides such as
cytokines or growth factors. Following injury, growth
factors secretion by platelets and macrophages are induced
and inflammatory process which is needed for healing is
initiated (6). Another region of tissue designing including
bioactive atom based medicines has at present increased
much  consideration. A few examinations have
demonstrated that cytokine treatment may quicken mending
of tissues and particularly advance the repair of disabled
injuries in the assortment of creatures. (7-9), unfortunately,
these purified bioactive agents has fallen short of
expectations in clinical studies, as it is currently clear that
no single exogenous agent can effectively mediate all
aspects of wound healing process (10), may be due to the
fact that cytokines work in concert, both temporally and
spatially. (12) So, the dynamic idea of wound repair process
substantiates the requirement for cytokine blend treatments
(13). In an effort to provide this combination treatment,
investigators have turned to Platelet-rich plasma (PRP),
which is a rich source of different cytokines essential for
natural healing process. It is released from platelet o-
granules at sites of tissue injury, (14,15). These include
catecholamines, serotonin, adenosine triphosphate (ATP),
albumin, fibrinogen, osteonectin, osteocalcin and calcium
ions. Various clotting factors and locally active growth
factors, such as platelet-derived growth factor (PDGF),
transforming growth factor-o (TGF- o), transforming
growth factor-p (TGF- B), insulin-like growth factor (IGF),
fibroblast growth factor (FGF), vascular endothelial growth
factor (VEGF) and epidermal growth factor (EGF) also
initiate wound healing. (16-18). Platelets also secrete fibrin,
fibronectin, and vitronectin, which provide a matrix for
connective tissue and act as adhesion molecules for
epithelial migration (19,20).

The later stimulates angiogenesis, promoting vascular
in growth and fibroblasts proliferation. In addition, it acts as
hemostatic effect by forming a fibrin clot. Also application
of PRP enhances wound healing in both soft and hard
tissue. PRP is 100% biocompatible and safe. It poses
absolutely no infectious risk to the patient because it is
made from the patient's own plasma (21,22). A literature to
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assess the current clinical experience and the possible
effects of (PRP) on wound-healing yields recorded by few
reports (23), thus the present study was designed to detect
the role of PRP in healing of experimentally wounded skin
in dogs (24,25).

Materials and methods

Preparation of platelet-rich plasma

Blood sample 20 mL of autologous blood withdrawn
from each dog was collected under a septic technique from
the jugular vein of each dog via a 21 gauge needle and
deposited in 3.2% sodium citrate tube with capacity for 10
mL. Then placed in a centrifuge at 3200 rpm for 15 min.
During centrifugation, blood is separated into three
different fractions: platelet-poor plasma (superior layer),
white blood cells (intermediate layer) and red blood cells
(inferior layer) (Fig. 1). The first supernatant plasma
fraction (50%), adjacent to the buffy coat, was obtained
under aseptic conditions in a laminar flow chamber. This
fraction was centrifuged at 3200 rpm for anotherl5 minutes
in order to obtain two parts: the upper part which is platelet
poor plasma PPP and the lower part was the PRP (25%).
Then the PRP was aspirated with another pipette and placed
in a sterile tube and activated with calcium chloride (4.5
mEg/5 mL), using 50 uL/mL of PRP, to provide a gel
matrix for a PRP to adhere to the site of injection (26). An
average of 5ml of PRP was obtained from every 20 ml of
whole blood. A fraction of 1ml of each animal was
analyzed for platelet count. On the day of PRP obtainment,
the platelets counts in PRP were 200. 000 to 350.000
cells/pL.

Experimental animals and management

Ten grown-up male cross breed canines, (2-3) years old
and weighing, around (18-25 kg), were utilized as a part of
this examination. The mutts were housed in pet hotels,
sustained by business delicate upkeep abstains from food
once every day and water was offered not indispensable.

Pre-operative considerations

The dorsal surface of thoracic districts was sans cut hair
and arranged aseptically for the injuring. Thirty minutes
prior to  wounding, Penicillin-Streptomycin ~ was
administered 1.M., in a dose of 20000 1U/kg and 10 mg/kg
B.W., respectively. The dogs were premedicated by
intramuscular administration of 2% Xylazine hydrochloride
0.05 mg/kg.; anesthesia was accomplished by linear
subcutaneous infiltration of lidocain hydrochloride 2% at
the intended incision sites at a dose rate of 1 mL/1cm3.

Technique of wounding
Four regular square full-thickness skin wounds (2x2
cm) were made at the dorsal thoracic sides of each animal
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(two injuries on each side), 10-15cm separated (Fig. 2). The
aggregate number of the injuries is (40 wounds). The
creatures submitted to two equivalent gatherings, the
control gathering and the treatment gatherings. All injuries
were not sutured (opened injuries). The trea ted wound
were injected with 5 mL of autonomous PRP (treatment
group), 2 mm lateral to the wound edges and in the wound
center, immediately after wounding while, right wounds,
were injected with a single dose of 5ml of sterile saline
(control group) by using the same procedure as in treatment
group.

After completion of wounds treatment in both groups,
the wounds were bandaged by use of a protective, non-
pressure and non-adherent dressing. The bandages have
been changed, two days intervals and wounds were gently
cleaned with gauze sponges soaked in normal saline,
without debridement of the wound bed.

Fig. 1: Show’s Preparation of PRP. Plasma of total blood
(upper arrow), the leukocytes and platelets of total blood
(middle arrow) and erythrocytes (lower arrow).

Fig. 2: Show’s, the positions of squared wounds on lateral
thoracic regions.

Clinical and macroscopical evaluation

A complete clinical examination was performed on all
animals in days (3, 7, 14, 21, 28, and 35) along the period
of the study. Digital photographs were taken for all wounds
after the area had been carefully shaved to visualize the
wound margin. The scab of each wound was carefully
removed for better visualization of the epithelialization and
granulation tissue area by using saline. The percentages of
epithelialization, wound contraction and total wound
healing were calculated for each wound, depending on the
parameters mentioned by (27).

Percent of epithiliazation was calculated by:
% Epithelialization (day n) = Area of epithelium (day n) /
Total wound area (day 0) x 100

Percent of wound contraction, calculated by:

Step 1: Total wound size on (day n) as % of original wound
= Total wound area (day n) / Original wound area (day 0) x
100

Step 2: % Wound contraction (day n) = 100 — Total wound
size on (day n) as % of original wound

Percent of total wound healing, calculated by:

Step 1: Open wound size day n as % of original = Open
wound area (day n) / Original wound area (day 0) x 100
Step 2: % Total wound healing (day n) =100 — Open wound
size (day n) as % of original wound

Histopathologic evaluation

At the day 3, 7, 14, 21, 28 and 35 after injuring, biopsies
were taken from a similar corner of each twisted utilizing
0.9 mm biopsy punch for histopathological examination.
The injury examples were settled in (10%) unbiased
support formalin arrangement. The tissue examples were
prepared in a tissue processor, paraffin squares were frantic
at (5-6) um thick areas which were cut with a microtome
and stained with Hematoxylin and Eosin dyes (28). Then
stained slides were examined under light microscope.

Statistical analysis

The Statistical Analysis System- SAS (29) was used to
effect of difference factors (treatment & days) in study
parameters (percentage). The least significant difference —
LSD test at the comparative between percentages in this
study.

Results

Clinical observations

Amid a month consider, no any confusion, for example,
wound disease or abundant granulation tissue arrangements
in the injury locales of the two gatherings were taken note.
Animals reflected normal appetite, urination and defecation
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within the first 24 h post-wounding. The after effects of key
parameters, for example, temperature, respiratory and heart

rates amid the main week post-injuring were inside the
typical rang as specified in the most ward references.
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Fig. 3: Shows the gradual significant differences in total wound healing, pigmentation & hair growth between control (C) and

treatment (T) wounds, according to the time.

Wound morphometric analysis
Wound epithelialization

The progress of epithelialization in treatment wounds
was statistically significant (P<0.05) in comparing with
control wounds, started from first week. The percent of
epithelialization in control wounds was (31.1) and in
treatment wounds was (72.10) at day 35 (Table 1).

Wound contraction:
There was significant differences (P<0.05) in speed of
wound contraction between control and treatment groups

278

started from first week. It was (76.66) and (84.44),
respectively, at the end of the study (Table 2).

Wound healing

The rate of wound healing showed similar result as
mentioned in wound contraction phenomena i.e., that the
significant differences (P<0.05) between both group started
from first week post-wounding. The highest rate was
recorded in treatment group (89.44 at day 35) (Table3and
Fig. 3).
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Table 1. Shows the second intension healing (effect of
treatment and days) in re- epithelization (%)

Days Control  Treatment LSD value
3 0.0 0.0 0.00 NS
7 0.0 0.0 0.00 NS
14 133 13.3 0.00 NS
21 24.4 422 6.733*
28 311 5.00 2.743 NS
35 311 63.30 8.503 *
LSD value 311 72.10 9.893*
12.477* 15193 *

* (P<0.05), NS: non-significant.

Table 2: Shows the second intension healing (effect of
treatment and days) in Contraction (%)

Days Control  Treatment LSD value
3 0.0 0.0 0.00 NS
7 0.0 0.0 0.00 NS
14 31.44 50.00 4.155 NS
21 40.00 53.33 4.209 *
28 60.00 67.77 5.215*
35 68.88 75.56 5.839 *
LSD value 76.66 84.44 6.316 *
15.328*  18.406 *

* (P<0.05), NS: non-significant.

Table 3: Shows the second intension healing (effect of
treatment and days) in total healing (%)

Days Control  Treatment LSD value
3 0.0 0.0 0.00 NS
7 0.0 0.0 0.00 NS
14 32.77 51.77 7.319 *
21 42.44 56.44 7.277*
28 45.55 71.55 7.946 *
35 55.55 89.11 9.025 *
LSD value 64.44 89.44 8.163 *
14.188*  18.452 *

* (P<0.05), NS: non-significant.

Histopathological evaluation

The histopathological examination of tissue
biopsies from the wound peripheries and beds revealed that
the main differences between treatment and control groups
were started on day 7" post-wounding. The
histopathological sections of control group were showed
necrotic debris with RBCs (hemorrhage) infiltration, fibrin
network and small amount of granulation tissue (Fig.4). In
addition, Fibrin network deposition with neutrophils
infiltration and large number of fibroblasts were seen.
While, in the treatment group, the wounds showed more
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advanced re-epithelization and to better angiogenesis,
proliferation of fibroblasts, deposition of ECM and
decrease of macrophages. No crust was observed on wound
area. Therefore, the sections of treatment group, appeared
that there is extensive granulation tissue extended and
replaced most of the incision area with macrophage (Fig.5).

On day 14™ post-wounding, the histopathological
observation in AD-MSCs treated wounds appeared that
the lesion characterized by the presence of dens mature
granulation tissue in the incision area with few number of
fibroblast, as well as, thick epidermal area with rete ridge
over the mature granulation tissue, numerous hair follicles
and sebaceous glands were reformed (Fig.6). While, the
sections of control group appeared the presence of few
fibroblasts with few macrophages (Fig.7).

The sections of the control group on day 21post-
wounding, , the histopathological changes appeared the
presence of thick epidermal layer over the granulation
tissue with short rete ridge (Fig.8). Comparison to the
treatment group on day 21post-wounding, appeared the
presence of granulation tissue which infiltrated by
mesenchymal cells characterized by keratinocyte and newly
formed blood vessels variable in size that replaced the
granulation tissue (Fig. 9). On day 2821post-wounding, the
histopathological changes appeared the presence of

epidermis layer cover the mature granulation tissue (Fig.
10); the histopathological sections of control group were
showedMelanin pigment in the basal layer of epidermis
cover the granulation tissue (Fig. 11). In another section,
reformation of hair follicles and sebaceous glands (orang
arrow) in the incisional site (Fig. 12)

Fig. 4: Histopathologic section of wound related to control
group, day 7 post-wounding,show’s neutrophils infiltration
(green arrow) and fibrine net work formation (black
arrows) (H&E; X40).
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Fig. 5: Histopathologic section of wound related
totreatment group on day 7" post-wounding, show’s
granulation tissue replaced most of the incisional area
(green arrow), with congested blood vessels, neutrophils
and mononuclear cells infiltration (blue arrow) (H&E;
X40).

Dt =

Fig. 6: Histopathologic section of wound related to control
group, 14 days post-wounding, show’s immature
granulation tissues (blue arrows) with mononuclear cells
infiltration (green arrows) (H&E; X40).

Fig. 7: Histopathologic section of wound related to
treatment group, 14 day post-wounding, show’s, mature
granulation tissue in the incisional area (white arrow), with
mononuclear cells infiltration (green arrow) (H&E; X40).
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Fig. 8: Histopathologic section of wound related tocontrol
group, 21days post-wounding, show’s thick epidermal layer
(green arrow) over the granulation tissue (grey arrow) with
short rete ridge (blue arrow) (H&E; X40).
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Fig. 9: Histopathologic section of wound related to
treatment group, 21days post-wounding shows normal
epidermal area (blue arrow) covers mature granulation
tissue (green arrow). (H&E; X20).

Fig. 10: Histopathologic section of wound related to control
group, 28 days post-wounding, show’s the presence of
epidermis layer (star) cover the mature granulation tissue
(green arrow). (H&E; X40).
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Fig. 11: Histopathologic section of wound related to
treatment group, 28 days post-wounding, show’s melanin
pigment in the basal layer of epidermis (grey arrow) cover
the granulation tissue (blue arrow) (H&E; X40).

Fig. 12: Histopathologic section of wound related to
treatment group, 35 day post-wounding, show’s the
reformation of hair follicles (green arrow) and sebaceous
glands (orang arrow) in the incisional site (H&E; X40).

Discussion

Amid a follow-up for 35 days, we did not record any
secondary complications of the wounds in both groups; this
may ascribe to highly strike antiseptic and appropriated
post-operative cares. These findings were in accordance
with (14) in dog. Interestingly (19), watched diseases in two
injuries out of 32 when utilized PRP for treatment of
cutaneous injuries in horse. These distinctions in the
consequences of the investigations might be identified with
the quantity of creatures utilized as a part of each
examination. The imperative parameters were hoisted in the
primary week post-injuring in the two gatherings yet with
no altogether contrasts P>0.05. These augmentations in
parameters level might be ascribed to intense aggravation
evocated from injuring. At that point the qualities held step
by step to its typical levels. These findings were in
agreement with previous study (30). The morphometric
assessment of wounds in the present examination,
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demonstrated that the advance of epithelialization was
speedier in twisted treated with PRP contrasted and control
wounds amid four week contemplate. It has been exhibited
that PRP provoked cutaneous injury repair by means of
separation into different skin cell writes including;
keratinocytes, endothelial cells, pericytes and monocytes,
(31). (32), Recommended that PRP engrafted in cutaneous
injury quicken re-epithelialization, through their capacity to
animate the Kkeratinocytes to separate into different
epithelial cell composes, for example, skin epithelial cells,
after foundational organization in vivo. Re-epithelialization
of wounds starts inside hours after damage. Epidermal cells
from skin members, for example, hair follicles rapidly
evacuate thickened blood and harmed stroma from the
injury space (33). The statement of integrin receptors on
epidermal cells enables them to associate with an
assortment of Extracellular-Matrix (ECM) proteins (e.g.,
fibronectin and vitronectin) that are blended with stromal
type | collagen at the edge of the injury and joined with the
fibrin  coagulation in the injury space. As re-
epithelialization follows, cellar layer proteins return in an
extremely requested succession from the edge of the injury
internal. Epidermal cells return to their ordinary phenotype,
by and by immovably connecting to the restored storm
cellar layer and hidden dermis (34). The after effects of
current examination demonstrated that injury compression
percent was more prominent in treatment twisted contrasted
with the control wound. (35). Demonstrated that in second-
expectation  wound  recuperating,  conclusion is
accomplished by constriction and epithelialization. A more
prominent commitment of wound compression quickens
recuperating in light of the fact that constriction happens
quicker than epithelialization. Wound withdrawal is
characterized as the centripetal development of the first
twisted edges. This procedure happens because of
compression of myofibroblasts in granulation tissue.
Myofibroblasts are basic to wound withdrawal and
mending. They separate from fibroblast and are portrayed
by nearness of stress strands containing a-actin isoform that
is communicated in smooth muscle. It has been affirmed
that PRP communicated Transforming Growth Factor
(TGF) which initiate fibroblasts and separate into my
fibroblast and increment the quantity of these cells to
advance injury constriction (36).

Wound contraction involves a complex and superbly
orchestrated interaction of cells, ECM and cytokines.
During the second week of healing, fibroblasts assume a
my fibroblast phenotype characterized by large bundles of
actin-containing microfilaments disposed along the
cytoplasmic face of the plasma membrane of the cells and
by cell-cell and cell-matrix linkages (37), the appearance of
the myofibroblasts corresponds to the commencement of
connective-tissue compaction and the contraction of the
wound. The contraction probably requires stimulation by
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TGF and Platelet-Derived Growth Factor (PDGF)
attachment of fibroblasts to the collagen matrix through
integrin receptors and cross-links between individual
bundles of collagen. Collagen rebuilding amid the progress
from granulation tissueto scar is dependent on continued
synthesis and catabolism of collagen at a low rate. The
debasement of collagen in the injury is controlled by a few
proteolytic catalysts named network metalloproteinase,

which  are  discharged by  macrophages (38).
Histopathological —areas, uncovers discharge and
provocative cells amid the initial seven days

notwithstanding the arrangement of granulation tissue.
These perceptions were recorded by (39), in dogs in which
the new stroma, often called granulation tissue, begins to
invade the wound space approximately four days after
injury. Numerous new capillaries endow the new stroma
with its granular appearance. Macrophages, fibroblasts and
blood vessels move into the wound space at the same time.
The macrophages provide a continuing source of growth
factors necessary to stimulate fibroplasia and angiogenesis;
the fibroblasts produce the new ECM necessary to support
cell in growth; and blood vessels carry oxygen and nutrients
necessary to sustain cell metabolism. (40), indicated that
growth factors, especially PDGF and TGF in concert with
the ECM molecules, presumably stimulate fibroblasts of the
tissue around the wound to proliferate and produce collagen
fibers which resemble a bridge connecting the ends of the
wound in addition, the fibroblasts are responsible for the
synthesis, deposition and remodeling of the extracellular
matrix. The formation of new blood vessels is necessary to
sustain the newly formed granulation tissue. Angiogenesis
is a complex process that relies on extracellular matrix in
the wound bed as well as migration and mitogenic
stimulation of endothelial cells (32). In the present study,
the re-epithelialization of epidermis in PRP treatment group
started at the second week post-wounding while it appeared
in fourth week in control group and this continuation was
supported by a study of (41). On another hand, (42) stated
that Re-epithelialization of the wound can be conceptually
viewed as the result of three overlapping keratinocyte
functions: migration, proliferation and differentiation. The
sequence of events by which keratinocytes accomplish the
task of re-epithelialization is generally believed to begin
with dissolution of cell-cell and cell-substratum contacts.
This is followed by the polarization and initiation of
migration in basal and a subset of supra-basilar
keratinocytes over the provisional wound matrix.

Well differentiated keratinocytes of epidermis with scar
formation in the dermis were observed in treatment group at
day 28. While, in randomized prospective study by Dyson
(43), showed that scar formation at day 35th post-wounding
and indicated that the epidermis regenerated progressively
from the surrounding wound margins. The neoepidermis
showed a complete spectrum of changes. Near the wound
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margin, the differentiation of the neoepidermis and
regeneration of the dermo-epidermal junction were more
advanced than toward the wound center, where the
proliferative index was significantly increased. Also
Bennett and Schultz, (16), referred that the wound becomes
covered with epithelial tissue within two weeks, minimal
collagen will be deposited and no scar will form. Generally,
if a wound takes longer than three to four weeks to become
covered, a scar will form.

Conclusions

The present study concluded that the procedure of local
implantation of PRP is easy and safe. This study
demonstrates the beneficial effect of PRP in cutaneous
wound healing via fast epithelialization and effective
wound contraction.
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