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Research article
Ερευνητικό άρθρο

ABSTRACT: This study explored the effect of platelet-rich plasma gel on cutaneous wound healing in rescued hors-
es. A total of twenty horses were used and allocated into two groups: Platelets-rich plasma (PRP)-treated group A 
(n=10) and Antiseptic dressing (ASD)-treated group B (n=10). Group A animals were treated with autologous PRP 
gel, while group B animals were treated with sterile saline. An average size of full-thickness (1.5 mm2) skin wounds 
were selected in each horse. Histopathological examination of wound tissue in horses was performed on days 8, 40, 
and 60. Wound epithelialization was assessed by HE staining, and collagen re-establishment was assessed by Masson’s 
trichrome staining. The CAT activity and MDA concentration were assessed in blood samples on days 8, 40, and 60. 
All data were subjected to statistical analysis. We observed a highly significant increase (P<0.01) in re-epithelization 
at days 40 to 60 in the PRP wounds compared to the ASD wounds. Collagen was well organized (P<0.01) in the PRP 
wounds compared with the ASD wounds at day 40 to day 60. Malondialdehyde (MDA) concentration was significantly 
decreased from day 40 to day 60 (P<0.05) in the PRP wounds than the ASD wounds. Catalase (CAT) activity showed 
no difference (P>0.05) between PRP wounds and ASD wounds. In conclusion, compared to ASD wounds, PRP wounds 
promoted cutaneous wound healing in horses by suppressing oxidative stress levels, accelerating wound epithelializa-
tion, and generating organized tissue, interlocking collagen bundles of dermal collagen. However, ultrasonographical 
assessment level study is needed to further investigate the effect of PRP gel on skin wound healing in rescued horses.

Keywords: Cutaneous wound healing, horses, histopathology, oxidative stress, platelet-rich plasma

The Therapeutic Effects of Autologous Platelet-Rich Plasma Gel on Cutaneous 
Wound Healing in Rescued Horses

M.T. Sajjad1 , H. Akbar1* , M.A. Khan1 , M.H. Mushtaq3 , S.G. Bokhari1 , M.A. Hayat4 ,  
G. Mustafa2

1Department of Veterinary Surgery and Pet Sciences, Faculty of Veterinary Sciences, University of Veterinary and 
Animal Sciences, Lahore, Pakistan 

2Department of Veterinary Pathology, Faculty of Veterinary Sciences, University of Veterinary and Animal Sciences, 
Lahore, Pakistan 

3Department of Epidemiology and Public Health, Faculty of Veterinary Sciences, University of Veterinary and Animal 
Sciences, Lahore, Pakistan 

4Department of Veterinary Surgery, College of Veterinary Medicine, Northeast Agricultural University, Harbin, China

J HELLENIC VET MED SOC 2023, 74 (1): 5411-5420
ΠΕΚΕ 2023, 74 (1): 5411-5420

Corresponding Author: 
Hamid Akbar1*, Department of Veterinary Surgery and Pet Sciences, Faculty of 
Veterinary Sciences, University of Veterinary and Animal Sciences, Lahore 54000, 
Pakistan 
Phone: +92 321 4551700
E-mail address: hamid.akbar@uvas.edu.pk

Date of initial submission: 18-02-2022
Date of acceptance: 18-04-2022



J HELLENIC VET MED SOC 2023, 74 (1)
ΠΕΚΕ 2023, 74 (1)

5412 M.T. SAJJAD, H. AKBAR, M.A. KHAN, M.H. MUSHTAQ, S.G. BOKHARI, M.A. HAYAT, G. MUSTAFA

INTRODUCTION

Skin is the largest connective tissue of the verte-
brates, comprising 10 % of the body mass and 

covering almost the entire body surface (Crovetti et 
al., 2004). It contributes a very important role in the 
body’s defense mechanism and has its self-renewing 
and repairing capability. Skin serves as protective wall 
between inner and outer environs of body (Hassan et 
al., 2014). Any alteration in normal skin functional 
anatomy and structural integrity of skin referred as 
wound (Teng et al., 2014). Wound healing is the pro-
cess by which skin can repair its damaged or lost part 
by regenerating tissue and forming a collagen scar 
(Su et al., 2019). Cutaneous wounds are common in 
horses, donkeys and mules. The athletic performance 
of horses is badly affected by chronic non-healing and 
exuberant granulation tissue (Proud flesh) wounds 
and is an important concern to the owners. Differ-
ent growth factors, chemical mediators, cytokines, 
and cell types are involved in the process of wound 
healing. Any change disturbing this mechanism may 
lead to chronic, non-healing wounds. A wound that 
is not treated timely or could not heal in a proper set 
of phases is called a chronic wound (Yolanda et al., 
2014). Especially in equines, delayed wound healing 
and cost on restoration of wounded site are the re-
stricting factors for proper wound healing (DeRossi 
et al., 2009).

Therefore, efficacious healing of skin wounds ne-
cessitates a combined set of drug therapy. With a good 
supply of growth factors (GF’s) through platelets pro-
moted wound healing trends are observed (Dugrillon 
and Kluter, 2002). Thrombocytes are involved in the 
liberation of different growths mediators responsi-
ble for blood coagulation, hemostasis, angiogenesis, 
and the optimizing healing process (Robson, 1997; 
Marx, 2004). Platelets are also concerned with wound 
restoration by the formation of collagen fibers. Plate-
lets open a doorway in the process of wound healing 
through advancement in platelet-rich plasma (PRP). In 
the different fields of dentistry, ophthalmology, and cu-
taneous wound therapies widespread use of autologous 
PRP is observed (Smith et al., 2007; Abu-Seida, 2015).

Platelet concentrated plasma is a 100% naturally 
biocompatible and harmless concentrated plasma vol-
ume. It poses zero infection rates to the injured ani-
mals because it is composed of blood plasma of same 
animal and a natural mixture of mediators designed 
to synergise biological effects in wound repair (DeR-
ossi et al., 2009). Calcium gluconate and thrombin 

are utilized to PRP from blood plasma. Later on, PRP 
is transformed into RPP gel. The thrombin activates 
the platelets alpha granules to release several wound 
healing growth mediators for example interleukin, 
platelet-derived growth factor (PDGF), fibroblastic 
growth factor tissue necrotic factor (TNF), interleu-
kin, and epidermal growth factors (EGF) (DeRossi et 
al., 2009). These important growth factors are diffused 
into the surrounding tissues and attract chemotactical-
ly the neutrophils and monocytes at the place of wound 
injury and to form a hemostatic clot (Li et al., 2007). In 
this complicated process of wound healing single ex-
ogenously agent cannot initiate all the steps of wound 
healing responses at the site of injury. Therefore, com-
bination therapy is necessary for wound healing, and 
for this purpose, platelets are a rich source of growth 
factors to respond at the site of an injury and actively 
participate in repairing skin wounds very effectively 
(Velnar et al., 2009). It is obvious from many clinical 
trials that growth factors enhance tissue repair and in-
crease the restoration of chronic non-healing cutane-
ous wounds (Carter et al., 2003). 

Stress due to oxidation and decrease in endoge-
nous antioxidant material in vivo can promote the 
sensitivity of tissue and intracellular constituents to 
free radical of oxygen. Stresses due to oxidation of 
tissues result in the formation of free radicals, espe-
cially reactive oxygen species (ROS), devastate an-
tioxidant defenses (Camini et al., 2017; Rizzo et al., 
2017). During oxygen metabolism, ROS are synthe-
sized. Antioxidant pathways in cells form equilibri-
um between synthesis and discharge of ROS from the 
cell thus retaining the concentration of oxygen free 
radicals in the cell. ROS plays an important role in 
maintaining cellular signaling, thereby regulating cel-
lular metabolism, homeostasis, defense systems, and 
adaptive processes. Anti-oxidative defences under 
stressful conditions protect the cell through the enzy-
matic and non-enzymatic activity of antioxidant path-
ways (Miquel, 2009; De la Fuente, 2014). Therefore, 
different strategies were developed, including ROS 
cleansing enzymes: Taking into account glutathione 
peroxidase and catalase, seleno-enzyme, superoxide 
dismutase, to keep oxidation-reduction reactions ho-
meostasis and protect multiplying and migrating cells 
at the site of injury (Keller et al., 2006).

Under normal conditions, catalase (CAT) is not 
crucial for many different cell types. In the case of 
cutaneous wounds, CAT has the adaptability to reduce 
ROS. CAT imparts a significant role to avoid cellu-
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lar oxidative damage (Halliwell, 1999). ROS mainly 
target polyunsaturated fatty acids (PUFAs) located in 
cellular membranes. Rancidity of lipids may lead to 
impaired cellular structure and function (Halliwell, 
1993). Furthermore, the rancidity of lipids produces 
hydroperoxides. Hydroperoxides on degradation pro-
duce malondialdehydes (MDA) as an end product. 
MDA is used as a biomarker during lipid peroxida-
tion (Halliwell, 1993; Gawel et al., 2004). To evaluate 
the activity of ROS and rancidity of lipids, thiobarbi-
turic acid (TBA) assay is the most familiar and simple 
method of analysis. In this analysis, two molecules of 
TBA and one molecule of MDA react to indicate lipid 
peroxidation (Palmieri and Sblendorio, 2007).

To the best of our knowledge, the changes in 
MDA, CAT levels and wound repair have not been 
studied in rescued horses in Pakistan. Therefore, the 
aim of this study was to investigate whether the use 
of autologous PRP gel in wounds enhances wound re-
pair and alters oxidative stress cascades compared to 
conventional ASD-treated horses in the Group B.

MATERIAL AND METHODS

Ethical statement
This study and all the procedures were approved 

and conducted in accordance with rules and regu-
lations of the Ethical Review Committee (Ethical 
Approval No. DR/458; Dated: 07/10/2020) at the 
Department of Veterinary Surgery and Pet Sciences, 
University of Veterinary and Animal Sciences, La-
hore, Pakistan.

Animals
This study was conducted in rescued horses suffer-

ing from chronic skin wounds in the Punjab province 
of Lahore district, Pakistan. All animals were housed 
in the Indoor University Stables as well as the Indoor 
Stables of the Society for the Prevention of Cruelty 
to Animals in Lahore throughout the experimental 
period. Before the start of experimental trials, horses 
were accustomed to ample drinking water, grass, and 
concentrated feedstuff.

Preparation of platelet-rich plasma (PRP)
Horse platelet-rich plasma was made by collect-

ing two tubes containing 10 mL of horse whole blood 
on the same day as the surgical procedures. Blood 
was drawn from each horse for the wound-healing 
study. The blood was placed in two Falcon tubes 
(15 ml each) comprising a 10% sodium citrate anti-

coagulant. The tubes were centrifuged at 300 g / 10 
m (SCILOGEX swing out centrifuge) to isolate the 
plasma red cells. Plasma with platelets remained in 
the superior portion, and between these two layers, 
a fine and whitened zone known as the intermediate 
zone stayed, which contained white cells, primarily 
leukocytes and the largest platelets.After that, 500 uL 
of plasma was drained from the upper part of each 
tube and transferred to another tube called tube A. 
This part is used to generate autologous thrombin.To 
obtain the PRP, the remaining plasma as well as the 
intermediate zone was moved to another tube labelled 
B. This tube was incubated at room temperature. 300 
uL of 10% calcium gluconate was added to tube A, 
agitated, and incubated at 37 ˚C for 15 minutes. Af-
terwards, the two tubes (A and B) were centrifuged at 
640 g/10m at room temperature.The entire volume of 
tube A containing thrombin-rich substrate was used. 
Half the volume of tube B was drained, and after ho-
mogenization, thrombin was added to tube A at a ratio 
of 2:1 (2 mL PRP:1 mL thrombin). PRP gels formed 
after standing at room temperature for 40 minutes.To 
count the platelets, Neubauer’s chamber and trypan 
blue were used to improve cell visualisation and dif-
ferentiation (DeRossi et al., 2009). The optimal plate-
let enrichment over 4.0 time’s baseline values was ob-
tained. Platelets obtained in the PRP were in average 
15.6 x 105, while those in the whole blood were in 
average 3.8 x 105.

Experimental design and treatment
A total of 20 horses were used in this study, rang-

ing in age from 5 to 10 years and weighing between 
350 and 450 kg. The animals were kept in the indoor 
stables of the Society for the Prevention of Cruelty to 
Animals in Lahore. Accessibility to a sufficient sup-
ply of water and dry fodder was ensured. Throughout 
the trial period, all horses were provided accessibility 
to mineral salt. All animals (n=20) were allocated into 
two groups; PRP-treated group A (n=10) and conven-
tional ASD-treated group B (n=10). In group A, each 
animal’s wound was treated with autologous PRP gel, 
while animals in group B received traditional antisep-
tic dressing (ASD).

Horses were sedated intravenously with Xylazine 
hydrochloride (Xylaz@Farvet Holland) at a dose rate 
of 1.1 mg/Kg (Sadek et al., 2020). Each full-thickness 
average size of (natural) skin wound on either side of 
left or right of animal’s back wound (1.5 mm2) was 
dehaired and shaved from the edges, then separated 
from the subcutaneous tissue with the help of scissors 
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25CM/10 (Noorani Surgical). After cleaning each 
wound with sterile saline (NaCl 0.9%, Geofman), 
a thick layer of PRP gel was applied, and then the 
wound was wrapped with sterilized gauze and pro-
tected with a dressing. The bandage was removed af-
ter two days, washed with sterile saline, coated with 
PRP gel, and the wound was bandaged. The treatment 
was repeated every four days until the twenty-sixth 
day. The Semi-occlusive gauze containing PRP gel 
was applied to the skin wound with a soft bandage to 
allow fresh air to limit granulation tissue overgrowth. 
After 26 days, the PRP gel was reapplied to the wound 
every 8 days. Similarly, in ASD-treated Group B ani-
mals, sterile saline was used on the cutaneous wound 
after washing with Povidone-Iodine Solution (Pyo-
dine Sol, Brookes Pharma) and the bandage was ap-
plied using the same procedure as in group A animals. 
A sterilized non-adherent semi-occlusive gauze was 
applied over wounds. The wounds were bandaged 
with (Surgitex, Rehman Rainbow (PVT.) LTD.). For 
animal welfare, supportive treatment such as; Pro-
phylactic systemic antibiotics such as Biocon 5gm 
Inj. contain benzylpenicillin, procaine penicillin, and 
streptomycin sulfate (Vetcon Pharma) were adminis-
tered intramuscularly twice a day and the horses were 
kept in hygienic stables with limited exercise.

HISTOPATHOLOGY

Hematoxylin & eosin stain
Before the procedures, all horses were tranquilized 

intravenously with Xylazine hydrochloride (Xylaz@
Farvet Holland) at a dose rate of 1.1 mg/Kg(Sadek 
et al., 2020) and the biopsy sites were scrubbed with 
saline solution and gauze. A 6-mm surgical biop-
sy punch (Kai medical@Japan) was used to collect 
full-thickness specimens. The wound was biopsied 
from a skin edge of depth 4-to-5 mm and 3-to-4mm 
part of intact skin portionin each animal of both 
groups on different time points. In the early stages, the 
sample was preserved by using 10% neutral-buffered 
formalin for 24 hours. Later on, the sample was shift-
ed to 70% alcohol fixative. After fixation in alcohol 
at different concentrations, tissues were embedded 
in paraffin following subdividing the biopsied tissue 
into 1.5 mm width. Furthermore, tissue was stained 
by hematoxylin and eosin for tissue morphology 
analysis using standard light microscopy procedures. 
Various semi-quantitative factors including the extent 
of re-epithelialization, vascularization, and presence 
of polymorphonuclear leukocytes (PMNL) were ob-
served in the histopathology of biopsy samples. 

In this blind study, the semi-quantitative scoring 
system was applied (Sabol et al., 2012). Scoring ac-
cording to the semi-quantitative system was described 
as Zero indicating that there were no vascularization, 
no observation of fibroblasts, no cutaneous epithelium 
formation, absence of fibroblastic cell, lack of PMNL 
in the microscopic field, and, 1 denoted enlargement 
of cutaneous epithelium depth and width, presence of 
limited fibroblastic cell, polymorphonuclear cell, or 
recently created vasculature, 2 showed epithelial cell 
relocation, presence of polymorphonuclear cell, mod-
erate numbers of fibroblastic cells, or recently created 
vasculature, 3 indicated epithelial incision apposition, 
presence of polymorphonuclear cell, moderate numbers 
of fibroblastic cells, or recently created vasculature, and 
4 showed complete epithelial regeneration, presence of 
an excess of PMNL, fibroblasts, or angiogenesis. 

Masson’s trichrome stain 
Collagen fiber staining was performed in the Lab-

oratory of the Department of Pathology, University of 
Veterinary and Animal Sciences, Lahore. Staining was 
performed according to procedures followed and de-
veloped by the Center for Musculoskeletal Research 
(CMSR) at the University of Rochester Medical Cen-
ter. Tissues were deparaffinized and rehydrated. Bou-
in’s Fixative (Fisher Scientific) was utilized at 58 ºC for 
15 minutes. Following cooling, the slides were washed 
with distilled water for 10 minutes. Later, the biopsy 
tissue sample was stained with (C.I.26905; C.I.42685) 
Biebrich Scarlet Acid Fuchsin (Fisher Scientific) for 
5 minutes. Then, 1% phosphomolybdenum-phospho-
tungstic acid solution was used to stain the sample 
(Fisher Scientific) for 2 minutes. Tissues were stained 
by Aniline blue solution (C.I.42775) as counterstaining 
agent for 5 minutes and washed with distilled water. 
Furthermore, biopsied tissue samples were rinsed with 
1%aqueous solution of acetic acid. Slides were dried 
out, cleared for debris, and mounted at the end. At each 
biopsy sampling, observation and photomicrographs 
were taken to assess improvement in cutaneous wound 
healing and regenerative cell production. In this cur-
rent investigation, a simple descriptive scale 0-3 was 
employed to assess the collagen abundance and colla-
gen organization for each feature in trichrome stained 
slides. Samples with a score of 0 indicated a lack of 
collagen bundles or ordered collagen fibers formation. 
A score of 3 indicated sufficient collagen fibers and or-
dered collagen fibers formation. Comparable undulat-
ing collagen fibers with uniform blue color reflected 
more structured than collagen fibers with a color differ-
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ence and comparable fiber damage or infiltration.

Blood sampling
10 mL blood samples were collected from the Jug-

lar vein of each animal in plain vacutainer at 0d and 
8d, 40d, and 60d.The blood samples were transferred 
to the laboratory in the Department of Physiology, 
Faculty of bio-sciences, the University of Veterinary 
and Animal Sciences, Lahore, Pakistan. The blood 
samples were centrifuged at 3000 rpm for 15 min at 
4˚C using a temperature control centrifuge machine 
(HARRIER 18/80 UK). The serum was separated and 
stored at -20˚ C for further manipulation. 

Oxidative stress analysis

MDA concentration
Serum MDA concentration (µmol/mL) was as-

sessed as described by (Ohkawa et al., 1979). A re-
action mixture composed of 375 µL of 20.0% acetic 
acid (pH 3.5), 375 µL of 0.8% thiobarbituric acid, 50 
µL of 8.1% sodium dodecyl sulfate was incorporated 
with 100 µL aliquot of plasma. Samples were heated at 
that time at 95 °C for 1h and centrifuged was done at 
3000 g for 10 min. The absorbance of the supernatant 
was measured at 532 nm using an Epoch Reader Mi-
croplate spectrophotometer (UV-2800, Biotechnology 
Medical Services, USA), and MDA content was de-
noted by µmol/mL (ε = 1.56 × 105 mmol/L/cm).

Assessment of CAT activity
According to the method described by (Aebi, 

1984), the rate of degradation of substrate H2O2 ex-
presses the catalytic activity ofcatalase.The rate of 
decomposition of hydrogen peroxidewas measured 
by a drop absorbed at 240 nm every 30 seconds for 3 
min. The levels of CATwere measured as mmol/min.
The quantity of catalase enzyme needed to degrade 1 
µmole of hydrogen peroxide per second at 25°C was 
termed as CAT activity. 

Statistical analysis
The data were analyzed using the student t-test us-

ing SPSS statistical software version 20. All values 
were expressed as (Mean± SD). The level of statisti-
cal significance was (P<0.01) and (P< 0.05).

RESULTS

Histopathology

Re-epithelization
Histopathological findings of HE staining indicat-

ed that PMNL cells infiltrated the top of the wound 
on day 8, while macrophages and drifting fibroblastic 
cells were seen at the bottom of the wound. The count 
of drifting fibroblastic cells was higher in wounds 
treated with platelet-rich plasma in comparison with 
ASD wounds. Epithelial cells at the borders of the 
lesion begin to multiply to substitute the misplaced 
edges of epithelial cells. Furthermore, on day 8, the 
Platelet-rich plasma-treated group and control group 
was seen to have cutaneous angiogenesis (Fig. 1A, B). 
Re-epithelialization and fibroblast recordings were 
significantly (P<0.01) increased in cutaneous wounds 
treated with Platelet-rich plasma in comparison with 
ASD wounds (Fig. 2A).

In this study, at 40-day epithelium with keratin 
depositing restricted only to wound edges (Fig. 1C) 
and apposed margin of wound site in the platelet-rich 
plasma-treated group was seen, but, the wound con-
tinued to be concealed by degenerated PMNL and 
scab of necrotic debris (Fig. 1D). Fascinatingly, the 
formation of new cutaneous epithelium and a sig-
nificant increase in the number of fibroblastic cells 
(P<0.01) in the platelet-rich plasma-treated wounds 
in comparison with the ASD wounds was noted at day 
40 (Fig. 2B). The quantity of invading PMNL was en-
hanced in both the ASD group and platelet-rich plas-
ma treated group at 40 days compared with 8 days. 
However, lesser PMNL were seen in platelet-rich 
plasma-treated wounds as compared to ASD wounds 
(P<0.05) (Fig. 2B). Underneath the epithelium gran-
ulation tissue with pronounced angiogenesis and the 
rich fibroblastic count were noticed.

On day 60 of the wound healing, the enhanced 
thickness of epithelium was noted in platelet-rich 
plasma-treated wounds compared to ASD wounds. 
Compared with ASD wounds, all skin wounds healed, 
and PRP wounds had a higher (P<0.01) quantity of 
fibroblastic cells and angiogenesis (Fig. 1E, F; Fig. 
2C).

Collagen fibers
After Masson’s trichrome staining, collagen fibers 

were stained. Pathological section results indicated 
a significant increase in collagen fibers over time in 
platelet-rich plasma-treated wounds in comparison 
with ASD wounds. At day 8 of the wound healing, 
the collagen fibers were less organized in the plate-
let-rich plasma treated wounds (Fig. 3A, B). The 
number of collagen fibers (P<0.05) and organiza-
tion were meaningfully higher (P<0.01) in the plate-
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Fig. 1. HE stain results of re-epithelization in the cutaneous wound of both groups. 
Bar=50um; A;PRP treated wound obtained at day 8 showed increased thickness of epithelium, presence of few fibroblasts, new blood 
vessels. B; ASD treated wound showed limited epidermal differentiation, absence of fibroblast at day 8 post treatment. C;PRP treated 
wound at day 40showed epidermal proliferation, kerato-hyaline granules are seen in many keratinocytes, presence of moderate 
number of fibroblasts. D; ASD treated wound at day 40 showed undifferentiated keratinocyte, no kerato-hyaline granules, few 
fibroblasts present. E; At day 60 PRP treated wound showed marked mature epithelial cells, excessive number of fibroblasts and new 
blood vessels formed. F; ASD treated wound at day 60 showed moderate number of fibroblasts, some dead tissue mass along with 
less re-epithelialization.

Fig. 2.Lesion score of wound healing in PRP and ASD treated wounds.
A; Lesion score of wound healing (HE stain) at day 8; B; Lesion score of wound healing (HE stain) at day 40; C; Lesion score of 
wound healing (HE stain) at day 60;”**” Indicates that the difference between the PRP treatment group and the ASD group is more 
significant (P<0.01); “*” indicates that the PRP treatment group has a significant difference compared with the ASD group (P<0.05).
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Fig. 3. Masson’s trichrome stain results of collagen fiber in the cutaneous wound of both groups.
Bar=50um; A; PRP wound showed minimal and organized collagen fiber at day 8 post treatment. B; ASD wound showed 
disorganized collagen fibersat day 8C; PRP wound showed well organized collagen fibers also fibroblast perpendicular to the 
epidermis at day 40. D; ASD wound showed less dense and unorganized collagen fibers at day 40. E; PRP wound at day 60 showed 
dense and tightly packed collagen bundles oriented parallel to the overlying epithelium. F; ASD-treated wounds at day 60 showed 
intact epidermis with disorganized collagen bundles in the dermis.

Fig. 4. Lesion score of collagen amount and organization of wound healing in both groups.
A; Lesion score of collagen amount and organization (MST stain) at day 8 B; Lesion score of collagen amount and organization 
(MST stain) at day 40 C; Lesion score of collagen amount and organization (MST stain) at day 60; “**” Indicates that the difference 
between the PRP treatment group and the ASD group is more significant (P<0.01); “*” indicates that the PRP treatment group has a 
significant difference compared with the ASD group (P<0.05).
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let-rich plasma-treated wounds (Fig. 4A). At 40 and 
60 days of wound healing, collagen fibers were very 
well organized, with parallel alignments and lack of 
arrangement in collagen fibers in the platelet-rich 
plasma-treated wounds (Fig. 3C, E). In contrast, dis-
organized collagen with random alignment and blue 
inconsistency was found in ASD wounds (Fig. 3D, F). 
Compared with ASD wounds, the number of colla-
gen fibers and organization was significantly (P<0.01) 
higher in PRP wounds (Fig. 4B, C).

Oxidative stress markers
Compared with ASD-treated wounds, PRP-treated 

wounds had significantly (P<0.01) lower serum con-
centrations of MDA at 40 and 60 days (Fig. 5A). In 
contrast, catalase activity was not significantly differ-
ent from day 0 to day 40; however, we found a sig-
nificant difference between the two groups at 60 days 
(Fig. 5B).

DISCUSSION
Cutaneous wound healing comprises of restoration 

and redevelopment of skin. Different growth factors 
are involved in the healing of wounds resulting in 
differentiation of cells, protein production, and syn-
thesis of the enzyme. Furthermore, growth mediators 
play an important role in cell metabolism, relocation, 
and synthesis and remodeling of extracellular matrix 
(ECM) proteins (Komarcevic, 2000). Activated plate-
let alpha granules-derived growth factors are respon-
sible to enhance wound restoration is a distinctive 
technique for treatment to further improve wound 
healing in contrast to traditional lesion treatments 
such as surgical debridement and antibiotic therapy 
(Komarcevic, 2000). Additionally, the overall cost of 
wound management is staggering. Accelerating and 

improving the quality of skin wound healing is bene-
ficial for rescued horses. However, the application of 
autologous PRP gel as a better medical adjunct ther-
apy for poorly vascularized or non-healing wounds 
in rescued horses can provide high-quality healing of 
full-thickness cutaneous wounds.

Povidone iodine has many advantages for wound 
healing, including its broad antimicrobial spectrum, 
lack of resistance, efficacy against biofilms, minimal 
side effects, and effect on excessive inflammation 
(Bigliardi et al., 2017). A recent study demonstrated 
that povidone iodine enhanced wound healing via 
TGF by stimulating granulation and increasing neo-
vascularization (Wang et al., 2017). Studies of povi-
done iodine in wound healing were conducted over 
thirty years ago (Van Meurs et al., 2014; Vermeulen et 
al., 2010), and most concluded that concentrations of 
up to 10% could not inhibit granulation and epitheli-
alization (Van Meurs et al., 2014).

This study reported that the thickness of epitheli-
al cells increased in wounds treated with autologous 
PRP gel and all full-thickness cutaneous wounds 
healed with a significantly higher number of fibro-
blasts and newly established blood vessels compared 
to ASD treated wounds. Similar results were also re-
corded by Wang and Nirmala (2016). They reported 
that the action of PRP may promote tissue healing by 
providing ample growth mediators (containing plate-
lets and a fibrin matrix) as a natural support to progen-
itor cells, replacing tendon stem cells in deformities of 
tendon connective tissue. These results are consistent 
with the findings of (Andia and Maffulli, 2015) that 
used platelet-rich plasma (PRP) for tendinopathies 
plantar fasciitis and myopathies, while they needed to 
optimize the procedure and acquire more high-grade 

Fig. 5. Oxidative stress assessment.
A; indicates MDA concentrations in PRP and ASD-treated wounds; B; indicates CAT activity in both groups.‘*’ indicated the 
differences were significant in the PRP-treated group compared with the ASD group (P<0.05).
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experimental data to recommend platelet-rich plasma 
(PRP) therapy. Platelet-rich plasma (PRP) infiltration 
was set up to improve re-epithelialization. The PRP 
gel was applied to promote the synthesis of granula-
tion tissue, possibly as a result of local absorption of 
the PRP gel by the surrounding tissue and promotion 
of neovascularization and relatively rapid re-epithe-
lialization in the early stages of skin wound healing 
(Huang et al., 2016).

Collagen fibers are part of the super-extracellular 
mesh that serves as the underlying framework in the 
tissue, directing cell proliferation and repositioning 
during skin wound healing (Soundia et al., 2018). In 
this way, the material of collagen filaments is an im-
portant boundary for observing wound healing in the 
skin (Dole et al., 1975). In our study, the skin elasticity 
of PRP-treated and conventional ASD-treated wounds 
was assessed by the number and arrangement of colla-
gen fibers in the tissue. Collagen fibers are an important 
extracellular ECM component that supports the rigid-
ity and flexibility of the skin. The increase in wound 
elasticity that occurs at the fibroblast stage is associated 
with an increase in collagen levels within the wound 
(Broughton and Rohrich, 2005; Jee et al., 2016). 

Initially, granulation tissue contains symmetrically 
arranged small bundles of collagen fibers. Recently, 
formed granulation tissue consists of a large number of 
fibroblastic cells. In the later stages of wound healing, 
the collagen fibers become dense, stuffed firmly into 
bundles, and symmetrically arranged (Xue and Jack-
son, 2015). In the recent investigation, collagen fibers 
are arranged as thick, comparable, undulating bundles 
in case of treated with autologous platelet-rich plasma 
(PRP) gel cutaneous wounds, but not in ASD-treated 
wounds, implying that PRP accelerated granulation 
tissue development. DeRossi et al.(2009) observed 
that injuries treated with platelet-rich plasma (PRP) 
showed faster cellular differentiation in the epithelium 
and improved cutaneous collagen binding. Further-
more, Vendramin et al.(2010) have seen autologous 
platelet rich plasma (PRP) gel result in enhancement 
in the synthesis of collagen formation, and the num-
ber of macrophages and fibroblastic cells production 
during cutaneous grafting in animals.

Recent studies have shown that reactive oxygen 
species (ROS) are directly associated with the resto-
ration of the wound and they are also involved in var-
ious developmental stages in wound healing (Mittal 
et al., 2014; Yip, 2015). A high concentration of reac-
tive oxygen species (ROS) leads to cellular derange-

ments on the contrary low quantity of ROS with fewer 
energy favors wound healing (Sen and Roy, 2008). 
ROS-induced lipid peroxidation generates various 
types of end products i.e. MDA. As a result of the per-
oxidation of lipid by reactive oxygen species, MDA 
is produced as an end product. MDA reflects the de-
gree of degradation by ROS (Toru, 2013; Soundia et 
al., 2018). Elevated levels of MDA in biopsied tissues 
samples and body fluids have been shown to correlate 
with the intensity of injuries (Griffiths et al., 2002). 
In this current investigation, there was a remarkable 
decline in MDA quantity in horses administered PRP 
in contrast to the ASD wound that was inconsistent 
with a recent study (Abood et al., 2015). Consequent-
ly, the results in this recent study confirm that bio-
markers involved in cellular oxidation significantly 
support the role of platelets in the anti-inflammato-
ry process during healing, repair, and restoration of 
wounds (Mazzocca et al., 2013). Compared with ASD 
wounds, CAT levels showed no significant reduction 
in PRP wounds. This non-significant reduction in the 
serum concentration antioxidant catalase (CAT) lev-
els may be explained by excessive use of CAT activity 
due to cutaneous wounds, which was consistent with 
a previous study (Iuchi et al., 2010).

This study has some limitations such as inability 
to assess the presence of growth factors in the cuta-
neous wounds. The findings and treatment outcomes 
of our study, only chronic nonhealing wounds in res-
cued horses are related. The use of growth factors ob-
tained from activated platelets to induce wound repair 
is a novel method to enhancing wound healing than 
conventional wound management, including antisep-
tic dressing. An enhanced and improved quality of 
healing would be beneficial for horses and humans. 
The use of PRP gel as an enhanced therapy for poorly 
vascularized or nonhealing wounds in the lower horse 
leg, as well as in immunocompromised or elderly in-
dividuals, could result in limb salvage, which would 
be of substantial personal, economic, and social ben-
efit.It was also determined that further research, in-
cluding ultrasonographic evaluation, is required to 
determine the effect of PRP gel on skin wound heal-
ing in rescued horses.

CONCLUSION
In conclusion, autologous PRP gel-treated wounds 

promoted skin wound healing in horses, accelerated 
wound epithelialization, and formation of tissue with 
symmetrically arranged, interconnected collagen fi-
bers of dermal collagen compared with the conven-
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tional ASD treatment of the wound. Oxidative stress is 
helpful for the pathogenesis of wounds. Therefore, this 
study recommends the use of PRP gel as a safe and in-
expensive treatment for cutaneous wounds of rescued 
horses. However, ultrasonographical assessment level 
study is needed to further investigate the effect of PRP 
gel on skin wound healing in rescued horses.

ACKNOWLEDGMENT
We acknowledged Dr. Ghulam Mustafa who 

helped us to evaluate the histopathological findings of 
HE and MST stains.

CONFLICTS OF INTEREST 
None declared.

REFERENCES

Abood WN, Al-Henhena NA, Abood AN, Al-Obaidi MM, Ismail S, Abdulla 
MA, Al Batran R (2015) Wound-healing potential of the fruit extract of 
Phaleriamacrocarpa. Bosn J Basic Med Sci 15:25. 

Abu-Seida AM (2015) Regenerative therapy for equine osteoarthritis: a con-
cise review. Asian J Anim Vet Adv 10:500-508.

Aebi H (1984) Catalase in Vitro. Meth Enzymol 105:121-126.
Andia I, Maffulli N (2015) Muscle and tendon injuries: the role of biological 

interventions to promote and assist healing and recovery. Arthroscopy 
31:999-1015.

Bigliardi PL, Alsagoff SA, El-Kafrawi HY, Pyon JK, Wa CT, Villa MA (2017) 
Povidone iodine in wound healing: A review of current concepts and 
practices. Int J Surg 44:260-8.

Broughton G, Rohrich RJ (2005) Wounds and scars. SRPS 10 (Part 1):1-54.
Camini FC, da Silva Caetano CC, Almeida LT, da Costa Guerra JF, de Mello 

Silva B, de Queiroz Silva S, de Magalhães JC, de Brito Magalhães CL 
(2017) Oxidative stress in Mayaro virus infection. Virus Res 236:1-8.

Carter AC, Jolly DG, Worden CE, Hendren DG, Kane CJM (2003) Plate-
let-richplasma gel promotes differentiation and regeneration during 
equine woundhealing. ExpMolPathol 74:244-55.

Crovetti G, Martinelli G, Issi M, Barone M, Guizzardi M, Campanati B, 
Moroni M, Carabelli A (2004) Platelet gel for healing cutaneous chronic 
wounds. Tran ApherSci 30:145-51.

De la Fuente M (2014) “The immune system, a marker and modulator of the 
rate of aging,” in Immunology of Aging, Massoud A and Rezaei N, Eds 
Springer-Verlag Berlin Heidelberg, Germany:3-23 

DeRossi R, Coelho AC, Mello GS, Frazílio FO, Leal CR, Facco GG, Brum 
KB (2009) Effects of platelet-rich plasma gel on skin healing in surgical 
wound in horses.ActaCirúrgBrasil 24:276-81.

Dole M, Wilson F, Fife W (1975) Hyperbaric hydrogen therapy: A possible 
treatment for cancer. Sci 190:152-154. 

Dugrillon A, Kluter H (2002) Current use of platelet concentrates for topical 
application in tissue repair. TherTransfus Med 29:67-70.

Gawel S, Wardas M, Niedworok E, Wardas P (2004) MDA as a lipid peroxi-
dation marker. WiadLek 57:453-455.

Griffiths HR, Møller L, Bartosz G, Bast A, Bertoni-Freddari C, Collins A, 
Cooke M, Coolen S, Haenen G, Hoberg AM, Loft S (2002) Biomarkers. 
MolAspects Med 23:101-208.

Halliwell B (1999) Antioxidant defence mechanism: from the beginning to 
the end (of the beginning). Free Rad Res 31:261-272.

Halliwell B, Chirico S (1993) Lipid peroxidation: its mechanism, measure-
ment, and significance. Am J ClinNutr 57:715-725.

Hassan WU, Greiser U, Wang W (2014) Role of adipose-derived stem cells in 
wound healing. Wound Rep Reg 22:313-25.

Huang S, Jiao J, Yan H (2016) Hydrogen-rich saline attenuates steroid-asso-
ciated femoral head necrosis through inhibition of oxidative stress in a 
rabbit model. ExpTher Med 11:177-182. 

Iuchi Y, Roy D, Okada F, Kibe N, Tsunoda S, Suzuki S, Takahashi M, Yo-
koyama H, Yoshitake J, Kondo S, Fujii J (2010) Spontaneous skin dam-
age and delayed wound healing in SOD1-deficient mice. Mol Cell Bio-
chem 341:181-94.

Jee CH, Eom NY, Jang HM, Jung HW, Choi ES, Won JH, Hong IH, Kang 
BT, Jeong DW, Jung DI (2016) Effect of autologous platelet-rich plasma 
application on cutaneous wound healing in dogs. J Vet Sci 17:79-87.

Keller auf dem U, Ku¨min A, Braun S, Werner S (2006) Reactive oxygen 
species and their detoxification in healing skin wounds. J InvestigDer-
matolSymp Proc 11:106-111.

Komarcevic A (2000) The modern approach to wound treatment. Med Pregl 
53:363-368.

Li J, Chen J, Kirsner R (2007) Pathophysiology of acute wound healing. Clin-
ic Dermatol 25:9-18.

Marx RE (2004) Platelet-rich plasma: evidence to support its use. J Oral Max-
illofacial Surg 62:489-96.

Mazzocca AD, McCarthy MB, Intravia J, Beitzel K, Apostolakos J, Cote MP, 
Bradley J, Arciero RA (2013) An in vitro evaluation of the anti-inflam-
matory effects of platelet-rich plasma, ketorolac, and methylpredniso-
lone. Arthroscopy: J ArthrRelSurg 29:675-83.

Miquel J (2009) An update of the oxidation-inflammation theory of aging: the 
involvement of the immune system in oxi-inflamm-aging. Currpharma-
ceut Des 15:3003-26.

Mittal M, Siddiqui MR, Tran K, Reddy SP, Malik AB (2014) Reactive oxygen 
species in inflammation and tissue injury. Antioxi Red Sign 20:1126-67.

Ohkawa H, Ohishi W, Yagi K (1979) Assay for lipid peroxides in animal tis-
sues by thiobarbituric acid reaction. Anal Biochem 95:351-358.

Palmieri B, Sblendorio V (2007) Oxidative stress tests: overview on reability 
and use part I. Eur Rev Med PharmacolSci 11:309-342.

Rizzo M, Arfuso F, Giannetto C, Giudice E, Longo F, Di Pietro S, Piccione 
G (2017) Cortisol levels and leukocyte population values in transported 
and exercised horses after acupuncture needle stimulation. J Vet Behav 
18:56-61.

Robson MC (1997) The role of growth factors in the healing of chronic 
wounds. Wound Rep Regenerat 5:12-7.

Sabol F, Dancakova L, Gal P, Vasilenko T, Novotny M, Smetana K, Lenhardt 
L (2012) Immunohistological changes in skin wounds during the early 
periods of healing in a rat model. Vet Med 57:77-82.

Sadek Y, Elballal S, Sharshar A, Elsunsafty M (2020) Platelets Rich Plasma 
Accelerates Wound Healing: Histopathological Study. J Cur Vet Res 2: 
16-24.

Sen CK, Roy S (2008) Redox signals in wound healing. BiochimBiophysAc-
ta 1780:1348-1361. 

Smith RG, Gassmann CJ, Campbell MS (2007) Platelet-rich plasma: proper-
ties and clinical applications. JLGH 2:73-78.

Soundia A, Hadaya D, Esfandi N, Gkouveris I, Christensen R, Dry SM, 
Bezouglaia O, Pirih F, Nikitakis N, Aghaloo T, Tetradis S (2018) Zole-
dronate impairs socket healing after extraction of teeth with experimental 
periodontitis. J Den Res 97:312-20.

Soundia A, Hadaya D, Esfandi N, Gkouveris I, Christensen R, Dry SM, 
Bezouglaia O, Pirih F, Nikitakis N, Aghaloo T, Tetradis S (2018). Zole-
dronate impairs socket healing after extraction of teeth with experimental 
periodontitis. J Dent Res 97:312-20.

Su L, Zheng J, Wang Y, Zhang W, Hu D (2019) Emerging progress on the 
mechanism and technology in wound repair. Biomed Pharmacotherap 
117:109191.

Teng M, Huang Y, Zhang H (2014) Application of stems cells in wound heal-
ing-an update. Wound Rep Reg 22:151-60.

Toru I (2013) Molecular hydrogen: New antioxidant and anti-inflammatory 
therapy for rheumatoid arthritis and related diseases. Curr Pharm Des 
19:6375-6381.

Van Meurs SJ, Gawlitta D, Heemstra KA, Poolman RW, Vogely HC, Kruyt 
MC (2014) Selection of an optimal antiseptic solution for intraoperative 
irrigation: an in vitro study. J Bone Joint Surg Am 96:285-291.

Velnar T, Bailey T, Smrkolj V (2009) The wound healing process: an overview 
of the cellular and molecular mechanisms. J Int Med Res 37: 1528-1542.

Vendramin FS, Franco D, Schamall RF, Franco TR (2010) Utilização do plas-
ma ricoemplaquetas (PRP) autólogoemenxertoscutâneosemcoelhos. Rev 
Bras Cir Plast 25:4-10.

Vermeulen H, Westerbos SJ, Ubbink DT (2010) Benefit and harm of iodine in 
wound care: a systematic review. J Hosp Infect 76:191-199.

Wang JH, Nirmala X (2016) Application of tendon stem/progenitor cells and 
platelet-rich plasma to treat tendon injuries. Oper Tech Orthop 26:68-72.

Wang L, Qin W, Zhou Y, Chen B, Zhao X, Zhao H, Mi E, Wang Q, Ning J 
(2017) Transforming growth factor β plays an important role in enhanc-
ing wound healing by topical application of Povidone-iodine. Sci Rep 
9:991.

Xue M, Jackson CJ (2015) Extracellular matrix reorganization during wound 
healing and its impact on abnormal scarring. Adv Wound Care (New Ro-
chelle) 4:119-136.

Yip WL (2015) Influence of oxygen on wound healing. Int Wound J 12:620-
624. 

Yolanda MM, Maria AV, Amaia FG, Marcos PB, Silvia PL, Dolores E, Jesús 
OH (2014) Adult stem cell therapy in chronic wound healing. J Stem Cell 
Res Ther 162:2.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

