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Abstract- Healthcare costs continue to rise as do a variety of diseases and disorders that correlate with full-thickness wounds. As a 

result, finding treatment solutions that areboth effective and cost efficient are important. It is evident in both the current literature 

and the findings in this dissertation, that platelet-rich plasma has pre-clinical and clinical efficacy. In this paper, the research 

findings are reviewed, demonstrating that platelet-rich plasma and collagen scaffolds decrease wound healing time. As a result, an 

amendment to the current clinical PRP definition is suggested due to positive findings that the “on-demand” activation of PRP has 

in a full-thickness wound. Additionally, the findings of this project will be discussed and how these findings could lead to 

additional work that may impact PRP treatment modalities in the clinicalfield. 
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INTRODUCTION 

 

Recently published data indicates that the United States 

spends over $25 billion dollars to treat approximately 6.5 

million patient wounds (Sen et. Al, 2009). Here in Northern 

Arizona, the location of this study, clinicians see numerous 

cases involving traumatic and full thickness wounds. In fact, 

recent data supplied by the Northern Arizona Healthcare system 

demonstrated 1,494 primary admitted wound-patient visits to 

the local hospital, Flagstaff Medical Center (FMC) between 

September 2014 and August 2015. Of those patients, 52 

underwent amputations and osteotomies, many of which could 

have been prevented if enhanced therapeutics existed. Many of 

these wounds require long clinical interventions and standing 

care, which in turn cause systemic and emotional concerns for 

patients. As overall health issues related to poor lifestyles 

choices continue to rise, so do the diseases that correlate with 

them i.e. diabetes mellitus, malignant cancers and 

cardiovascular disease (Tanaka & Nakanishi, 1996) (Wang & 

Widlansky, 2009). Many of these diseases present with a variety 

of full thicknesswounds that require intensive, continual care 

from a wound care specialist or surgical team (Armstrong, 

Wrobel, & Robbins, 2007). It is interesting that many medical 

advances have progressed over the last 50-100 years but relative 

wound care management has remained the same. As the need 

for proper wound care and management follows this ―poor 

health trend‖ so do cost effective treatment modalities. 

Fortunately, in the last 20- 25 years, wound care is gaining 

interest in the public sector and research attention is growing.  

Advances such as negative-pressure wound devices (wound 

VAC’s), approved honey wound dressing usage, enzymatic 

debridement and others have progressed the wound care field 

since its early years (Venturi, 2005), (Lay-Flurrie, 2008). 
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Thefurtherdevelopment and enhancement of wound products 

such as platelet-rich plasma activated with electrospun collagen 

scaffold therapies could help to reduce these long-term 

complications, thus improving patient care while making a large 

economic impact. The average cost to perform a surgical 

debridement and follow-up wound care can range from 

hundreds to tens of thousands of dollars depending on the 

wound location, presence of complications and debridement 

treatment chosen by the clinicians (Bennett et. al., 2013). The 

use of platelet-rich plasma and electospun collagen scaffolds not 

only could resolve these difficult to treat wounds but also 

reduce the treatment cost. The average cost of platelet-rich 

plasma production and treatment is between $500.00 and 

$800.00 dollars. A single electrospun collagen scaffold can cost 

about $200.00 dollars depending on the collagen composition 

and type of scaffold. Together a patient would be looking at a 

treatment that may cost between $700-$1,000.00, far less 

expensive than the standard and current wound care hospital 

costs which can range from $4,000.00 to $10,000.00 (Fife, 

et.at., 2012). 

Creating platelet-rich plasma in a cost-effective, non-

shearing manner is important because this will preserve the 

granular contents of the platelets and subsequently prevent the 

granule cytokine degradation. Many of the current PRP creation 

modalities are shearing platelets during the production 

procedure by spinning at extremely high rotations and thus 

initiating the platelet granule release and subsequent granule 

degradation process prior to treating the wound. In this project, 

the PRP was created in an inactive state where no shearing was 

present; confirmed using light microscopy, SEM and ELISA 

morphological data findings. The created PRP was then 

activated using the collagen scaffold, ensuring that the 

maximum amount of platelet cytokines would be able to be 

delivered to the wound bed. 

These concentrations were determined after an initial failed 

experiment in which the scratch could not be viewed using the 

microscope (see figure 1). From these initial pilot experiments, 

it was determined that a coagulation assay was first needed and 

subsequently performed to find the PRP ranges in which could 

be used for the scratch assay. 

 

Figure 1: 10x (11/10/14) 100 % PRP; Scratch not visible 

due to the FOV being saturated with cells 

Research Aim 

Use the optimized platelet-rich plasma in an in-vitro wound 

healing assay (scratch assay) to expedite the wound healing 

process. 

Research Hypothesis 

If an optimized platelet-rich plasma solution is used in a 

bench-top scratch assay, then it will close the wound faster 

compared to a control wound withoutPRP. 

Materials and Methods: Coagulation Assay 

To determine the appropriate platelet-rich plasma 

concentrations that could be viewed and therefore tested using 

the scratch assay, a dilution coagulation assay was performed. 

Starting at 5% PRP concentration and diluting with 10% fetal 

bovine serum (FBS, Life Technologies) to 0.0078125% PRP it 

was determined that five unique doses of PRP could be used in 

the scratch assay; 0.25%, 0.13%, 0.06%, 0.03% & 0.02% 

(figure 2). This was based on the visibility of the scratch in the 

microscope field of view (FOV). 

 

Figure 2: Assay performed from 5% and serial diluted 

down to 0.0078125% PRP. Mixed with Fetal Bovine Serum 



Paper Title:- Proposing Revisions To The Clinical Platelet Rich Plasma TreatmentFor Future Researches 

                               ISSN:-2581-6934|www.jidps.com 
12 

(FBS) (5 unique doses selected for use 0.25%, 0.13%, 0.06%, 

0.03% & 0.02%). 

Materials and Methods: ELISA 

Whole blood and platelet-rich plasma samples were 

activated with a 10% CaCl2 solution (n= 3 96-well plates). 

Following platelet activation, the samples were prepared and 

ran according to MyBioSource Inc. specifications. The samples 

were analyzed using a BioTEK EON plate reader at 450nm with 

BioTek Gen5 2.0 all-in-one microplate reader software. 

Results 

The ELISA showed an increase in growth factors for the 

activated platelet-rich plasma compared to that of the inactive 

sample with mean VEGF-A concentrations of 25.297pg/ml and 

13.049pg/ml, respectively, as shown in figure 16. Both the SEM 

results and the ELISA detailed that the creation process is not 

activating the PRP and that the PRP can be activated on 

demand, when desired. Although a platelet concentration three-

fold abovebaseline is an important aspect of the definition, a 

process that leaves the platelets in an inactivated state may be 

even more important in order to have the vesicles deliver the 

highest concentration of growth factors and cytokines to the 

wound site when desired. 

 

Figure 16: VEGF-A concentrations from samples collected 

after the PRP creation process and following PRP activation. 

Future Study Suggestions 

Since the platelet-rich plasma inception in the late 1980’s, it 

has grown to be a widely used treatment modality for a variety 

of clinical fields. Sheth’s group (2012) reported that the platelet-

rich plasma market in 2009 was worth 45 million and by the 

end of 2016 will be worth more than 120 million dollars. With 

this fast-growing trend, many pre-clinical scientific studieshave 

been left undiscovered or yet to be thoroughly researched 

(Sheth et. al., 2012). Here a number of ideas are brought forth as 

a means to progress the platelet-rich plasma research work. 

One study could employ what the mechanism of action is 

for the expedited wound healing response due to platelet-rich 

plasma treatment. To date, there are hundreds of cytokines and 

growth factors released from the granules in a given platelet 

(Coppinger, Cagney & Toomey et al, 2004). Determining the 

action of each individual growth factor/cytokine is an important 

aspect to determine why PRP works as a therapeutic. 

Historically, this is how many molecular techniques were 

utilized via ELISA or other assays that employ a single cytokine 

identification system (Leng et.al., 2008). This would take a 

significant amount of time to accomplish using PRP, but one 

could employ a multiplex cytokine assay, many of which have 

been developed over the last 15 years (Leng et. al., 2008). 

This could allow one to determine which cytokines or 

families ofcytokines are decreasing the wound healing time. 

Another study could investigate the antimicrobial effects of 

PRP as it has been suggested to have antimicrobial properties 

(Drago, et. al., 2013) (Anitua et. al., 2012). The mechanism of 

action for this antimicrobial effect and the number of bacterial 

organisms it works on has yet to be thoroughly researched. To 

explore this question, a pilot study was employed observing the 

zone of inhibition against two bacterial organisms; 

Pseudomonas aeruginosa (gram-negative) and Staphylococcus 

aureus (gram- positive) (n= 6 for each plate) using PRP as a 

treatment. Both bacterial organism’s are known and well 

established infectious agents in wounds. These organisms were 

tested against a positive and negative control for each of the 

bacteria. The positive controls i.e.known antibiotics that are 

commonly prescribed included penicillin and streptomycin. The 

image below demonstrates the plate set-up and the treatments. 
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Figure 1: Plate set-up for each bacterial smear. The set-up 

employed a positive control (antibiotic) and negative control (no 

treatment) along with activated and inactive PRP. 

In observing the bacterial plates over a 72 hour time frame, 

the data demonstrated that antimicrobial activity was present, 

but it may not depend on the activated versus inactivate state of 

the platelet-rich plasma. This is also found in the literature 

(Anitua et. al, 2012) with respect to various bacterial organisms. 

Zones of inhibition were observed in some activated forms of 

platelet-rich plasma and some inactive forms further 

progressing the question, If PRP is an antimicrobial agent, and 

if so, why? The plates below demonstrate the study and various 

zones of inhibition. 

 

 

Figure 2: Plates demonstrating the zones of inhibition (in 

yellow) between the positive 

controls (antibiotics) and the platelet-rich plasma treatment 

groups. P. aeruginosa is a gram-negative organism and the 

streptomycin worked as it should have (treats gram-negative 

bacteria) the penicillin also presented as expected i.e. not 

treating the P. aeruginosa. Note the inactive platelet-rich 

plasma worked in the P. aeruginosa plate but the activated did 

not. In the gram positive (S. aureus) plate the antibiotics worked 

as expected. The activated PRP created a zone of inhibition the 

inactive did not. 

The findings of the antimicrobial pilot study leave much 

work to be further completed, but present with some fascinating 

questions regarding the antimicrobial mechanism of action. In 

all, future work must be employed to enhance the understanding 

and acceptance of PRP as a modern cutting edge, cost-effective 

treatment modality. This future work should include not only 

larger mammalian models but human trials. 

Conclusion  

In this paper, platelet-rich plasma was created in an inactive 

state and in a concentration of platelets three times greater than 

that of an equal volume of whole blood. The PRP was then 

activated on-demand using an electrospun type I collagen 

scaffold. This activation was demonstrated through the use of 

light microscopy and SEM analysis. Then, using the optimal 

platelet-rich plasma it was applied to a mock wound, the scratch 

assay. In this assay, the PRP with the greatest concentration had 

the greatest percent wound closure compared to the control. The 

successful demonstration of PRP in the mock wound 

environment warranted the use of an in-vivo wound model 

system. Using four female SCID mice full-thickness wounds 

were created on the dorsum and the following treatments were 

applied; a combination PRP and electrospun collagen scaffold, a 

stand-alone collagen scaffold and a control. The study findings 

detailed the greatest percent wound closure with the 

combination therapy and along with the greatest amount of re-

epithelialization and epithelial thickness ratio. Additionally the 

combination therapy had anatomical evidence of moderate 

intradermal adipocytes and a reformed stratum corneum, 

suggesting a further progression of wound healing had occurred 

compared to the stand-alone collagen and control. This 

suggested that platelet-rich plasma activated with electrospun 
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collagen scaffolds doeseffectively aid in healing full-thickness 

wounds in a pre-clinical model by decreasing the wound healing 

time. 
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