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Abstract
Platelet Rich Plasma (PRP) is an autologous clinical treatment that has been demonstrated to expedite wound healing through the delivery of 

platelets at a minimum concentration that is three times that of whole blood. PRP is currently used in a variety of clinical applications, including but 
not limited to: orthodontics, osteogenic care, orthopedics, acute and chronic wounds and various cosmetic applications. Although the treatment 
has been investigated in many regards, there is a lack of exploration into means of activation through the use of electrospun (e-spun) collagen 
scaffold technology that allows for activation in situ, or directly in the wound. In this study, this combination therapy (PRP and e-spun collagen 
scaffolds) was created and investigated first using an in-vitro assay and then in an in-vivo murine full-thickness wound model.

 In the current study, a standardized double centrifuge protocol was utilized for the creation of PRP. Flow cytometry and manual counts were 
performed in order to quantify the degree of platelet concentration. Manual counts yielded a mean platelet count for whole blood and PRP 1 µL 
smears at 10.08 ± 3.09 platelets/μl and 878.76 ± 156.28829.7 platelets, respectively (p < 0.01). Flow cytometry reported a mean platelet count of 
426,461 ± 47,394 for the processed PRP and a whole blood platelet count of 35,480 ± 6,463.75 (p < 0.01), supporting that the currently described 
method produces clinically defined PRP.   

Light and scanning electron microscopy were utilized to determine if electrospun collagen scaffolds were an activator of platelets. Analysis 
was performed using morphological features of the platelets as the activation measurement. Upon application to an electrospun scaffold, platelets 
presented with an activated state in which the discoid morphology was no longer present, but was replaced with extended pseudopods and blebs. 
The morphology of non-activated PRP remained discoid and smooth. The change in morphology was indicative of activation and validated that the 
scaffolds serve as an in-situ platelet activator. 

An in-vitro scratch assay was utilized as an outcome measure to test the potency and effectiveness of the resulting PRP. The scratch assay has 
been commonly used as a cellular migration assessment, or in the current study, as a high throughput means to observe in-vitro wound closure. 
Varying concentrations of PRP were created and applied to a scratched (wounded) fibroblast monolayer in order to determine its effects on the 
wound. A concentration of 0.25% PRP was determined to have the highest percent closure at hour 12 compared to the control that did not close 
until hour 16.

An in-vivo murine full-thickness wound model was used to demonstrate the effectiveness of the PRP and collagen scaffold treatment in a 
biological model. Post wound creation (96 hours) the wound closure percentage of the PRP/electrospun collagen treatment was 100% compared 
to the control at 86.076 ± 11.2806% (p=0.01), supporting the use of a combination therapy over standardized care. There was no statistical 
significance between the standalone collagen scaffold treatment and the combination treatment at any time point.
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Introduction
Platelet overview

Platelets are megakaryocyte cell fragments 2-5μm in 
diameter with a thickness of 0.5 μm and are found circulating in 
the blood for 8-9 days [1,2]. The platelet has numerous structures 
and functions that make it critical to the normal healing process 

in both preventing blood loss and aiding in the cell recruitment 
and differentiation process.  

Platelet formation occurs with the development of a myeloid 
stem cell into a megakaryocyte through differentiation and a 
multi-stage maturation. The myloid stem cell differentiates 
into a megakaryoblast under the influence of thrombopoietin 
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(TPO) and undergoes maturation into promegakaryocytes 
then megakaryocytes, respectively [3, 4]. The megakaryocyte 
experiences an endo-mitotic process in which cytokinesis fails; 
this process allows for an increase in ploidy that aids in platelet 
organelle and granule production [5-7].

While residing in the bone marrow, megakaryocytes are 
inhibited from forming proplatelets by RhoA activation until 
they undergo migration to the endothelium where they interact 
with various extracellular components, e.g. fibrinogen, initiating 
the proplatelet process [3]. As many as 10-20 proplatelets may 
form that start as a protrusion, but soon become elongated 
with branches that fragment into the platelets [8]. The platelet 
contents, specifically the contents of the alpha granules and 
dense granules, are of the utmost importance in aiding the 
progression of wound healing. Once the platelets become 
activated through collagen exposure in a wound bed, the growth 
factors and cytokines within the alpha and dense granules 
are exocytosed. Growth factors include but are not limited to 
platelet derived growth factor (PDGF), endothelial growth factor 
(EGF), transforming growth factor-beta (TGF-β) and vascular 
endothelial growth factor (VEGF) [9,10].

Platelet-rich-plasma (PRP) is an autologous blood product 
that was originally described as an elevated platelet count above 
whole blood, and was first used by Dr. Ferrari in 1987 during an 
open heart surgery [11]. Today the clinical definition of PRP, set 
by Dr. Robert Marx, is a platelet concentration three times that 
of peripheral blood [12]. In order to ensure Mark’s definition of 
PRP was being met in the current study, two methods of cellular 
counting were used; manual counting and cell counts determined 
by flow cytometry. Manual counting methods are considered an 
older but useful technique to determine cell concentrations via 
light microscopy; however, flow cytometry is often considered 
the standard today. The concentration of platelets as determined 
by counting methods can be an important factor in determining 
the quality of PRP with regards to its healing effects due to the 
relationship to growth factor concentrations.

The premise behind the mechanism of action of PRP is that 
by increasing the concentration of growth factors and cytokines 
that are released by platelets, healing will be accelerated; this has 
been readily demonstrated in the literature [13, 14]. For clinical 
purposes, PRP can be applied in either an activated state prior to 
application or in an inactive state that is physiologically activated 
within the target location (in situ or on demand activation).
Furthermore, it can be utilized as a topical therapeutic agent or 
delivered as injections to target anatomically deeper tissues.

Electrospun materials have been described since 1934 with 
patents from Anton Formhals [15-18]. Since then, a number of 
proteins and polymers have been electrospun into scaffolds 
for use in both research clinical applications. The process of 
electrospinning involves the ejection of a solubilized protein 
through a charged nozzle and onto an oppositely charged target. 
When the surface tension forces are balanced with the electric 
field, the protein droplet elongates forming a funnel shape 
known as a Taylor cone [19]. The stable cone and ejection of 
the solubilized protein results in the evaporation of the solvent 

before the target is reached and the formation of nanofibers that 
are laid upon the target in a nonwoven pattern. These scaffolds 
have the ability to be used as a wound filling agent and, depending 
on the protein composition, cellular activators as demonstrated 
in this study. 

The scratch assay has been used as a pre-clinical tool for 
wound healing since the mid-2000’s and provides a method for 
examining proof of concept [20]. In the current study, human 
neonatal dermal fibroblasts (hDFn) were utilized, as these cells 
accurately simulate one of the many cell-cell interactions that 
take place in the integument involving platelets, growth factors 
and fibroblasts [21]. Upon reaching confluence, a scratch is 
performed that represents the creation of a wound. As the 
hDFn cells begin to fill the scratch, closure of the wound is being 
represented; thus allowing for a quantifiable in-vitro wound 
healing assessment to be performed in which various treatments 
can be applied and analyzed.

In the current study, proof of concept was first tested using an 
in-vitro assay, which next warranted the use of an in-vivo system 
in which healing can be observed in a complex living system. 
In this study a full-thickness murine model was utilized to 
demonstrate the effectiveness of combining PRP and electrospun 
(e-spun) collagen scaffolds for the treatment of wounds.

Materials and Methods
Creation of PRP

The creation of PRP was based on the methods of Messora and 
Nagata [22]. A Thermo Scientific ST16R centrifuge, pre-cooled to 
4oC was used for the current experiments. Porcine whole blood 
anti-coagulated with acid citrate dextrose (ACD), purchased 
from Lampire Biological Laboratories (Pipersville, PA.) was 
distributed aseptically to 50ml conical tubes in 40ml aliquots. 
The whole blood samples were then centrifuged at 200xG for 20 
minutes with the acceleration and deceleration of the centrifuge 
set to 5xG. Upon completion of the initial centrifugation, the 
buffy coat was transferred to a 15ml conical tube. The sample 
underwent a second centrifugation at 400xG for 15 minutes with 
the acceleration and deceleration of the centrifuge set to 5xG. The 
finished PRP was extracted and utilized for various analysis.

Creation of Collagen Electrospun Scaffolds

Lyophilized collagen (Advanced Biomatrix, Carlsbad, CA) was 
mixed with 1,1,1,3,3,3,-hexafluoro-2-propanol(HFIP) (Oakwood 
Products, West Columbia,SC)to create a 7.5% collagen solution. 
The collagen solution was collected using a syringe and loaded 
into a syringe pump (2ml of the 7.5% solution). The 18-gauge 
blunt end needle of the electrospinner apparatus was set a 
distance of 12cm from an aluminum foil target.  The syringe 
pump was set at a flow rate of 1ml/hr and the electrospinner 
was charged to 25kV then spun for 1 hour. Following completion, 
the collagen scaffold was removed from the foil target and cross 
linked and sterilized using UV light for 1 hour on each side of the 
scaffold. The sterilization and cross linking used a 15Watt, 254 
nm germicidal UV-Clamp (SpectrolineX-seriesgermicidallamp, 
Spectronics Corporation, Westbury, NY).
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Manual Counting

Blood smears were created utilizing 1μl of blood with Wright’s 
stain (Carolina Biological Supply Company, Burlington, NC) 
and washed with 7.0pH Wrights stain buffer solution (Carolina 
Biological Supply Company, Burlington, NC). A Leica DM750 with 
a mounted Leica ICC50 HD camera was used in light microscopic 
analysis of the smear using methods adapted from Tasker et al. 
[23]. Ten random fields of view (FOV) in the monolayer were 
captured at a total magnification of 1000x. The platelets from the 
ten FOV were counted and averaged for a total of 20 mounted 
slides: ten whole blood slides and ten PRP slides.

Automated Counting: Flow Cytometry

 PRP (n=4) and whole blood (n=4) platelet concentration 
were quantified utilizing a BD Accuri C6 flow cytometer. Four 
varying PRP aliquot volumes were combined with 1x PBS until 
the volume of the sample reached 1ml, the volumes are outlined 
below in table 1. The samples were analyzed at a threshold of 
10,000 per recommendations of BD Accuri C6 software users 
guide (figures 2, 3).

SEM Analysis

 PRP was diluted at a 1:0.05 1xPBS: PRP ratio to prevent 
high cell densities that could inhibit analysis. A whole blood and 
PRP dilution smear was created upon a cover slip using 2μl of 
sample. An 8mm biopsy punch of a cross linked, electrospun 
collagen scaffold was used to evaluate the ability for collagen to 
induce platelet activation. The punch was placed on a cover slip 
and 2μl of PRP dilution was carefully added to the scaffold in an 
even distribution causing the scaffold to adhere to the cover slip. 
All samples were submerged in 2.5% glutaraldehyde in 1xPBS 
overnight at 4oC. Following overnight fixation, samples were 
washed three times in 1xPBS for 5 minutes each.  Completion 
of the washes was followed by submerging the samples in 1% 
osmium tetraoxide for 1 hour as a secondary fixative. The samples 
were then rinsed with DI water three times for 5 minutes each 
and underwent serial dehydration as follows: 30% EtOH for 5 
minutes, 50% EtOH for 5 minutes, 70% EtOH for 5 minutes, two 
rounds at 95% for 10 minutes each, and finally three rounds at 
100% for 10 minutes each. The samples were first immersed in 
a 1:1 solution of 100% EtOH: HMDS for 15 minutes followed by a 
second round with 100% HMDS for 15 minutes. The solution was 
then drained and the samples were allowed to air dry overnight. 
The following morning, the samples were mounted on stubs 
using carbon tape and were sputter coated with palladium for 
10 seconds. Analysis of the samples was performed using a Zeiss 
Supra 40VP FESEM (Carl-Zeiss-Strasse, Oberkochen, Germany) 
at a KV of 3.00 and a magnification between 3.67K and 7.05K.

Scratch Assay

Human neo-natal dermal fibroblasts (hDFn, 3rd passage, (Life 
Technologies, Carlsbad, CA) were seeded as a monolayer into 
a T75 culture flask (Corning Inc., Corning, NY.) at a density of 
5,000cells/cm2. Cells were incubated at 37°C, 5% CO2until optimal 
cell density was achieved (>60% confluence). Cells were then 
sub-cultured into a tissue culture-treated 12-well plate (Corning, 

Table 1: Dilution factors for flow cytometry.

Run Amount whole blood/PRP used 
(μl) Volume 1x PBS (μl)

1 1 999

2 3 997

3 5 995

4 7 993

Figure 1: Manual platelet counts between whole blood smears and PRP 
smears.

Figure 2: Platelet concentrations of whole blood and PRP based on dilu-
tions.

Inc., Corning NY). Cells were incubated at 37°C, 5% CO2 for 72 
hours or until the cells reached 100% confluence.  Upon reaching 
confluence, the cells were scratched using a p200 pipet tip (Gilson 
Inc., Middleton, WI) in a diagonal fashion across the monolayer. 
The scratch width measured 1.5mm±0.5mm. Concentrations of 
PRP at 0.25% (n=3) , 0.125% (n=6), 0.063% (n=6), 0.031% (n=6) 
and 0.016% (n=6) were created using a 100% stock solution of 
PRP and a stock Dulbecos Modified Eagle Medium (DMEM, Life 
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Technologies, Carlsbad, CA.) supplemented with 10% fetal bovine 
serum (FBS, Life Technologies, Carlsbad, CA.).  The control scratch 
(n=6) measured the same width 1.5mm±0.5mm and included 
the same stock Dulbecos Modified Eagle Medium (DMEM, Life 
Technologies, Carlsbad, CA.) supplemented with 10% fetal 
bovine serum (FBS, Life Technologies, Carlsbad, CA.) however it 
did not contain the PRP.  These specific concentrations were used 
in order to effectively create an environment where PRP would 
interact with the hDFn cells while also preventing the mixed 
solution from forming a clot, as a result of the platelet-clotting 
cascade, which would interfere with qualitative and quantitative 
outcome measures in this experiment. The various working 
concentrations were individually and immediately applied to the 
scratched monolayer of hDFn cells and returned to the incubator 
for future observation. Images were captured at 0, 4, 8, 12 and 
16 hours respectively using OptixCam image software (OCView 
V7.3.1.8, The Microscope Store, LLC. Roanoke, VA.) on an Olympus 
CK2 inverted microscope (Olympus Corporation, Waltham, MA.). 
Photos were analyzed using ImageJ (V1.48) analysis software 
(National Institute of Health, Bethesda, MD.)

in-vivo study

One liter of Porcine ACD-Whole blood was purchased from 
Lampire Biological Laboratories. The blood arrived one day 
prior to surgery and contained a pathogen free microbial report. 
The morning of surgery, PRP was created using the standard 
creation method as listed above. PRP and whole blood samples 
were prepared for automated counts to ensure adequate platelet 
concentration numbers in the whole blood and PRP respectively. 
Additionally, PRP and whole blood smears were created and 
viewed using light microscopy, following the wright staining 
protocol, to ensure appropriate platelet morphology prior to 
surgical use.

A full-thickness murine hairless-SCID model was used for 
these studies following Northern Arizona University (NAU) 
IACUC approval, Protocol 12-006R1. Four, 8 week-old female 
mice were purchased from Jackson Laboratories model #002019. 
The mice arrived in healthy condition at NAU’s Research Annex 
and were allowed a 3 day acclimation period. The surgical study 
followed a 6-day research plan:  day 0 = full thickness wound 
creation; day 6 = euthanasization. The pre-operative treatment 
followed NAU’s “Rodent and Small Animal Survival Surgery” 
SOP No. AC-15-0039. The mice were weighed and anesthetized 
via inhalation of Isoflurane, to effect. 1-2%  isoflurane in oxygen. 
This was followed by a pre-operative Buprenorphine (0.01 mg/
kg) dose delivered subcutaneously.  The full-thickness wounds 
were created on the dorsum of each animal using a sterile 6 mm 
dermal punch and tissue excision following previously published 
methods in the lab [24]. To mitigate animal harm the dermal 
punch was utilized to score the integument followed by tissue 
excision with sterile surgical scissors. The following treatments 
were randomly applied to the wounds: collagen scaffold, PRP and 
collagen scaffold, and control (xeroform covered wound) (n=5 
for all treatment groups).  The animals were then wrapped with 
a non-adhesive gauze pad and coban wrap to prevent animal 
interference with wound sites. The bandage dressings were 

changed every 48 hours at photo time points (days 2 and 4 of the 
6 day study) ensuring the wounds were not infected.

Assessment of wounds was performed using photo images 
at time points 0, 48 hours, 96 hours and 144 hours post wound 
creation. The images were then analyzed with NIH ImageJ 
software for percent wound closure.

Statistical Analysis

All statistical analysis were performed using R-Program 
(V3.2.2 GUI). Student’s T-test was used for manual counts and 
flow cytometry (p < 0.05). The scratch assay was evaluated 
using a one-way ANOVA (p < 0.05) with a Tukey-Post-HOC test 
identifying statistical significance between parametric data. in-
vivo studies also used one-way ANOVA with a Tukey-Post-HOC 
test (p < 0.05).

Results
Platelet Counts: Manual and Automated

Mean platelet counts for whole blood and PRP were 10.08 ± 
3.09 platelets/μl and 878.76 ± 156.28, respectively. The manual 
counts demonstrate that the creation method produces PRP 
according to the Marx definition of greater than 3x platelet 
concentration of whole blood. 

Manual counting methods were validated through flow 
cytometry which demonstrated a significant increase (p < 
0.01) in platelet concentration in PRP, 426,461 ± 47,394, when 
compared to that of whole blood, 35,480 ± 6,463.75.  Figures 1 
and 2 show the average whole blood and PRP platelet counts 
using manual and flow cytometry methods. Both counting 
methods demonstrated that the created PRP contained a platelet 
concentration above the three fold minimum compare whole 
blood. Based on Marx’s definition, it can be concluded that clinical 
PRP results from the current methods.  

SEM and Light Microscopy Analysis

The whole blood and PRP samples both showed platelets with 
a normal morphology, signifying that they were inactivated, as 
qualitative indications of activation were absent (figure 3 images 
A and B respectively). This demonstrates that the PRP creation 
method is not inducing platelet activation through shearing thus 
allowing for future activation on demand when it will be clinically 
needed. The platelets that were placed on the collagen scaffold 
sample exhibited morphological changes associated with platelet 
activation (figure 3 image C, figure 4, figure 5, light microscopy 
images). Upon activation, platelets had undergone pseudopod 
formation and in some cases had visible blebs on their surface; 
figure 4, supporting that exocytosis, likely of growth factors and 
cytokines contained in the granules, was occurring. This supports 
the idea that the PRP can be activated on demand, through the 
use of electrospun scaffolds, and is thus appropriate for clinical 
use. 

Scratch Assay

Initial scratch widths measured 1.5mm ± 0.5mm. Percent 
closure was calculated for the scratch assay to determine the 
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Figure 3: Image A: shows whole blood with a platelet exhibiting nor-
mal morphology indicating that it is in an inactivated state. Image B: 
shows a morphologically normal platelet from the PRP dilution dem-
onstrating that the platelet is inactivated. Image C: shows the PRP and 
electrospun collagen sample with platelets displaying the classical signs 
of activation: pseudopod formation. .

Figure 4: SEM image of activated platelet within the PRP/electrospun 
collagen sample demonstrating blebbing of vesicle.

Figure 5: Light microscopy images demonstrating inactive PRP (left) 
and activated PRP using the collagen scaffold (right). Wright stain in 
each histology slide (100x mag).

Figure 6: Percent wound closure for in-vitro wound healing model. Sta-
tistical significance was determined at timepoints 4, 8 and 12 between 
higher and lower dosages of PRP, including control.

Figure 7: Percent wound closure for in-vivo wound at 48 hours. No 
statistical significance was present but PRP and electrospun collagen 
had greater percent closure 82.73% compared to collagen and control 
53.86%, 53.40% respectively.

Figure 8: Percent wound closure for in-vivo wound at 96 hours. Statis-
tical significance was present between control and PRP with the elec-
trospun scaffold.
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percent closure at each time point. The 0.25% PRP treatment had 
a 100% closure at the 12 hour compared to control which was 
approximately 50% closed at hour 12. Statistical differences (p < 
05) were measured between the higher PRP dosages compared 
to lower dosages at the standardized time points (figure 6). 

in-vivo Study

The in vivo assessment evaluated two treatment groups and 
their effects on the progression of wound healing, relative to a 
control group treated with standardized clinical care. Figures 7, 
8 and 9 detail the findings at the set time points. At 96 hours post 
wound creation the combination therapy, PRP with electrospun 
collagen scaffolds, had a percent closure of 100% compared to 
the control at 86.076 ± 11.28% (p < 0.01). At the same time point, 
the standalone collagen treatment had a mean closure of 93.15 ± 
5.66% and did not demonstrate statistical significance compared 
to the control. The same trends were seen at 144 hours post 
wound creation with the combination treatment having a percent 
closure of 100% while the control had a percent closure of 96.48 
± 2.724%(p < 0.02). The standalone collagen treatment had a 
percent closure of 98.741 ± 2.340% and again lacked statistical 
significance compared to the control. 

Discussion
Platelet-rich-plasma has been clinically used since the 1980’s 

and has been established to expedite the wound healing response 
in the integument [25] however, little advancement has occurred 
with the therapeutic since its inception with regards to wound 
care. In addition, collagen scaffolds have also been widely used 
clinical as a means to expedite the wound healing response 
[26] by providing the integument with an important matrix for 
cellular adhesion [27]. In the current study, improvements for the 
concentrated treatment modality were investigated by combining 
the PRP therapeutic and electrospun collagen scaffolds. The in-
vitro analysis included the creation and validation of PRP based 
on Marx’s 2001 definition and testing of the generated PRP using 
an in vitro wound healing scratch assay prior to progressing into 
a full thickness in-vivo murine model that has previously been 
used by our lab and others [20, 28].

Dr. Robert Marx originally defined PRP as having a platelet 
concentration above whole blood.  This definition was later 
revised to having a minimum platelet concentration three times 
that of an equal volume of whole blood [12]. Concentrating 
platelets out of whole blood has been previously described to 
result in an increase in growth factor concentrations [29]. In 
the current study, both platelet concentration assessments, 
manual and automated, demonstrated a greater than three-fold 
increase in platelet concentration compared to whole blood. 
Additionally, the specific methods described in the current study 
generated PRP that was not in an activated state. Creating PRP 
in an inactive state and then activating on demand allows the 
platelets to provide a wound bed with the highest concentration 
of growth factors possible with a minimum amount of growth 
factor degradation or platelet morphology changes [30, 31]. 
Publications have reported the mode in which PRP is created 
can have an effect on the amount of cytokine presence [32]. In 

some cases an improper creation method can allow for growth 
factor degradation prior to treatment application thus resulting 
in minimal benefit to wound healing. This could come by way of 
platelet shearing in which the platelets are shearedopen during 
the creation process [33] leading to premature activation of the 
PRP, which could lead to bioactive protein degradation from the 
platelet granules prior to their desired application. 

Based on the published variations in PRP creation modalities 
and the importance of preserving growth factor activity for 
the wound, we propose that an updated definition for PRP 
iswarranted: PRP requires a minimum platelet concentration 
three times that of whole blood with a creation process that 
does not cause platelet sheer activation.  Sheer activation is the 
unintended activation/degranulation of platelets due to excessive 
stress during the centrifugation process. Thisupdated definition 
of PRP is important because using it could limit the amount of 
bioactive protein degradation from the creation process leading 
to maximum concentration of these proteins at the wound bed.
To ensure this definition was followed in the current study, two 
methods were used to determine that the creation method was not 
causing sheerplatelet activation: an imaging assessment through 
scanning electron microscopy (SEM) and light microscopy. SEM 
analysis detailed that platelets of the whole blood and post 
creation samples maintained normal morphological features and 
therefore were in an inactivated state. The activated samples, 
activated with the electrospun collagen scaffold, had a change in 
morphological characteristic with the formation of pseudopods 
and blebs indicative of activation. This supports the use of 
electrospun collagen scaffolds as a platelet activator that can 
subsequently be utilized as an “on demand” activator of PRP. This 
in-situ collagen activation of platelets occurs through the binding 
of collagen through glycoprotein VI that causes cytoskeleton 
changes and secretion of platelet granule contents [34].

Cellular migration assays have been long used to determine 
how rapidly cells may cover a given area [20, 35]. In the current 
study, the scratch assay, was utilized to determine the percent 
wound closure in an in-vitro setting. The scratch assay provides a 

Figure 9: Percent wound closure for in-vivo wound at 144 hours. Sta-
tistical significance was present between control and PRP with the 
electrospun scaffold. Note all PRP with electrospun collagen treatments 
were 100% closed compared to control and standalone collagen.
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bench top tool that allows for assessments of various treatments 
on cell migration (wound closure) that have been described to 
be superior to many other previously described methods [20]. 
An ideal cell for this model, the human fibroblast, is utilized due 
to its importance in the healing progression [36]. Fibroblasts are 
typically found in the integument and play a significant role in the 
matrix remodeling and scar formation stages of the wound heal-
ing process. Fibroblasts are collagen-secreting cells that work si-
multaneously with matrix metalloproteinases and other cells to 
degrade and lay down new extracellular matrix for newly synthe-
sized cells to adhere, proliferate and take residence. Due to these 
important aspects, fibroblasts offer an accurate in-vitro simula-
tion of in-vivo wound progression when utilizing a single cell 
type. Varying concentrations of PRP were utilized in the scratch 
assay in order to determine effects of concentration and also to 
maintain a visible field of view within the culture. In summary, 
an increase in concentration led to an increase in percent wound 
closure of the mock wound compared to the control, likely as a 
result of the increase in growth factors present with increasing 
platelet concentration.  The highest concentration of PRP, 0.25%, 
led to largest percent closure at the 12 hour compared to con-
trol that closed at 16 hours. In our proposed new PRP definition, 
the PRP must first be prepared in an inactivated state; therefore, 
in these experiments that platelets were to be activated in the 
scratch assay.  This was accomplished through the presence of 
calcium chloride (CaCl2) in the culture media. Calcium does not 
directly activate platelets, but rather aids in the activation of pro-
thrombin to thrombin that is a potent platelet activator, and thus 
secondary activation of PRP is not needed [37]. In this way, our 
benchtop scratch assay model afforded the ability to evaluate our 
“on demand” PRP activation prior to moving into a more compli-
cated full thickness wound model.

Due to the complexity of wound healing in a living system, 
an in vitro wound healing assessment can only provide limited 
information, specifically in the current studies we only evaluated 
how dermal fibroblasts would respond to “on demand” activated 
PRP.  There are numerous additional cell types to fibroblasts that 
are involved in a complete wound healing response and their 
complex interactions are difficult to model in an in-vitro model. 
Therefore, in-vivo studies were performed using a murine model 
to determine the effects the treatments had on the complex 
healing progression of a full thickness wound. The treatments 
were as follows: a combination therapy of an electrospun 
collagen scaffold and PRP, a standalone electrospun collagen 
scaffold, and a control wound treated with standardized care. The 
combination therapy (PRP + electrospun collagen) demonstrated 
statistically significant wound closure percentages compared 
to control wounds at 96 and 144 hours post wound creation.  
The standalone treatment (electrospun collagen scaffold) was 
not statistically different than control wounds at any of the 
timepoints evaluated.  The benefit seen in the combination 
treatment compared to the control can be attributed to utilizing 
both a collagen treatment and PRP together in a wound. Thus, 
multiple agents are being provided to the wound bed that aid in 
acceleration through the normal wound healing process.  The 
collagen treatment provides the wound bed with a vital skin 

protein in the form of a matrix in which cells can proliferate and 
infiltrate. In addition to providing the cells with a matrix that 
was largely lost in the wound creation, the electrospun collagen 
scaffold was determined to active the platelets within the PRP 
treatment. By activating the PRP “on demand” or in location, the 
growth factors and cytokines immediately become bioavailable 
to the wound bed within a collagen framework, thus providing 
the wound with both a matrix architecture and readily bioactive 
growth factors and cytokines. 

Recently published data indicates that the United States 
spends over $25 billion dollars to treat approximately 6.5 million 
patient wounds [38]. Many of these woundsrequire long clinical 
interventions and standing care which in turn cause systemic 
and emotional concerns for patients. The further development 
and enhancement of wound products such as inactive PRP and 
activated electrospun collagen scaffold therapies could help to 
reduce these long term complications, thus improving patient 
care while making a large economic impact. 
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