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ABSTRACT 

 

Platelet-rich plasma (PRP) is a popular treatment for equine tendon and ligament injuries; 

however, commercial PRP systems are expensive.  Development of a safe, inexpensive 

alternative would make PRP therapy more widely available to horse owners.  The purpose of this 

study was to evaluate the quality and bacteriologic safety of PRP produced by three simple, 

inexpensive tube centrifugation methods and compare the results to a commercial system.   

Citrated blood collected from 26 normal horses was processed by four methods: blood 

collection tubes centrifuged at 1200 and 2000 x g, a 50ml conical tube, and a commercial 

system.  Platelet and cell counts and mean platelet volume (MPV) in whole blood and PRP were 

determined using an automated hematology analyzer.  Results were analyzed using mixed model 

ANOVA with post-hoc comparisons
 
(MPV and fold change for RBC, WBC, and platelets) and 

binary logistic generalized estimating equations with horse as a blocking factor (absolute 

numbers of WBC, and platelets).  Aerobic and anaerobic cultures were performed.  Significance 

was set at p<0.05. 

 Mean platelet concentrations ranged from 1.55 to 2.58 fold.  The conical tube method 

produced the highest number of PRP samples with platelet concentrations of greater than 2.5-

fold and within the clinically acceptable range of >250,000 platelets/µl.  WBC counts were 

lowest using the commercial system and unacceptably high using the red top methods.  The 

incidence of bacterial contamination was low (2.1%).  Based on these results, the conical tube 

method may be a suitable alternative to commercial PRP systems in cases with budgetary 

constraints.
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Introduction 

Thesis Organization 

 This thesis is presented in a format that contains a journal publication as the central 

portion of the document.  The publication is entitled “Simple tube centrifugation for processing 

platelet-rich plasma in the horse” and contains its own introduction, materials and methods, 

results, discussion, and references.  The following introduction provides a brief overview of the 

research topic.  The literature review is an expansion of the introduction to the manuscript and 

provides a summary of pertinent literature background information.   

 

Introduction 

In human and veterinary medicine, there is an increasing demand for regenerative 

therapies.  The goal of regenerative therapies is to restore the normal architecture and 

functionality of the injured tissue.  This is in contrast to the formation of suboptimal scar tissue 

that results from the natural tissue repair process (1).  A wide variety of regenerative therapies 

are under investigation, and many are currently being used in clinical practice.  An example of 

such a product is platelet-rich plasma (PRP), a blood product made by concentrating platelets in 

a small volume of plasma.  PRP is used extensively in human medicine for a wide variety of 

surgical and sports medicine applications (2-4).  In equine practice, PRP has gained popularity 

for the treatment of wounds and tendon and ligament injuries (5).  The exact mechanism of 

action of PRP is unknown; however, the release of high concentrations of growth factors from 

platelet alpha granules as platelets degranulate is widely believed to play a critical role.  Alpha 

granules contain several growth factors known to have beneficial effects on tissue healing, 
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including platelet-derived growth factor (PDGF), transforming growth factor β-1, vascular 

endothelial growth factor (VEGF), and insulin-like growth factor (IGF)-I (6). 

Although many research questions remain concerning the mechanism of action of PRP, 

the results of initial clinical investigations are promising.  One road block to expanding the 

clinical use of PRP is the cost of commercial processing systems.  Development of a safe, 

inexpensive alternative to commercial systems would make PRP therapy more widely available 

to horse owners.  The aim of this Master’s project was to evaluate the quality and bacteriologic 

safety of platelet-rich plasma (PRP) produced by three simple, inexpensive tube centrifugation 

methods and compare the results to those produced by a commercial system 
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Chapter 1: Literature Review 

Platelet-rich plasma (PRP) has become a widely used therapeutic modality in both human 

and veterinary medicine for a wide range of musculoskeletal applications (7-9).  However, the 

mechanism by which PRP provides a beneficial biologic effect is incompletely understood.  In 

addition, species differences between horses and humans make extrapolation of centrifugation 

protocols for PRP production from the human to the horse impossible (10, 11).  Optimization of 

the therapeutic use of equine PRP requires an understanding of platelet structure and function, 

species-specific platelet parameters, and evidence-based information regarding the therapeutic 

use of PRP. 

 

The Platelet 

The study of platelets began with Giulio Bizzozero, an Italian doctor and medical 

researcher who is credited with their discovery in 1881.  In 1906, James Homer Wright, an 

American pathologist, identified megakaryocytes as the source of platelets when he noted 

similarities between the granules of platelets and megakaryocytes using his special stain (12, 13).  

The last century, since these discoveries, has seen a massive expansion of knowledge concerning 

platelet formation, structure, and function.  

 

Formation 

 Platelets are formed from large precursor cells called megakaryocytes.  Platelet 

production and release is mediated by thrombopoietin produced in hepatocytes, renal tubular 

epithelium, and bone marrow stromal cells (14).  The majority of megakaryocytes are found in 

the bone marrow, although a small percentage are found in pulmonary capillaries and in 
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circulation (15).  In preparation for platelet formation, megakaryocytes increase their 

chromosome number through a process called endomitosis, a variant of mitosis that does not 

include cell division.  Following endomitosis, megakaryocytes undergo a stage of rapid 

cytoplasmic expansion in which the cytoplasm rapidly fills with the proteins, organelles, and 

membrane components needed to form platelets.  Once maturation is complete, the process of 

platelet formation and release begins.  The megakaryocyte converts the majority of its cytoplasm 

into 10-20 long, thin cytoplasmic processes called proplatelets (Fig 1.1) that extend into the 

sinusoidal blood vessels of the bone marrow (16).  A single microtubule coil at the tip of the 

proplatelet forms a swelling called a platelet bud.  Cytoplasmic elements, including platelet 

granules, travel up the proplatelets from the megakaryocyte cell body and are packaged in the 

platelet bud.  The process by which the platelet bud separates from the proplatelet is 

incompletely understood.  Current theories suggest that the final maturation from proplatelet to 

platelet may take place in the bloodstream and be aided by shear forces within vessels.  This 

theory is supported by the fact that proplatelets are consistently isolated from the bloodstream 

(17).  By the above process, each megakaryocyte produces hundreds to thousands of platelets 

(17-19). 

 

Microstructure 

 The equine platelet measures approximately 2.5 to 3.5 µm in diameter (20).  The plasma 

membrane is composed of a phospholipids bilayer with a hydrophobic core.  A vast array of 

protein receptors, including integrins, transmembrane protease activated receptors, 

immunoglobulin based receptors, tetraspanins, serotonin receptors, and thrombopoietin 

receptors, are located on the plasma membrane and are important for platelet adhesion and  
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Figure 1.1.  Proplatelet formation by a megakaryocyte. Key features: PB, platelet buds; 

Branch, bifurcation in shaft of proplatelet; Swellings, periodic thickening of proplatelet shaft 

where granules and organelles have stalled; Dumbbell-shape, many platelets are released as 

dumbbell-shaped particles (18). 

 

Modified from: Hartwig J and Italiano J, Jr. The birth of the platelet. J Thromb Haemost 

2003;1:1580-1586.  Used under fair use.  
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activation (21).  The role of these receptors in the mechanism of action of PRP has not been 

investigated. 

Platelets possess a complex cytoskeleton that facilitates necessary conformational 

changes during the process of platelet activation.  A meshwork of spectrin and actin filaments 

establishes the cytoplasmic skeleton and is anchored to the cytoplasmic membrane (Fig 1.2) (18, 

22).  Actin filaments are crosslinked by the proteins filamin and α-adducin.  Adducin caps the 

barbed ends of the actin filament, and its removal from actin filaments plays an important role in 

platelet spreading during platelet activation (23).  A single coiled microtubule beneath the 

plasma membrane is responsible for maintaining the discoid shape of the platelet.   

While the basic aspects of platelet structure are conserved, certain species-specific 

adaptations in platelet structure exist.  The platelets of many mammalian species contain a 

surface-connected maze of plasma membrane invaginations called the open canalicular system 

(OCS).  This system acts as a channel for the release of granules during platelet activation.  The 

same receptors that are found on the plasma membrane are present on the surface of the OCS.  

During activation, the OCS is everted to the platelet exterior, increasing the number of surface 

receptors available for ligand binding.  Ruminant, equine, and camel platelets do not have an 

OCS and therefore do not have a mechanism for increasing membrane surface area (Fig 1.3) 

(10).  Platelets from these species release the contents of their granules by fusion of the granules 

directly to the plasma membrane with subsequent discharge of granule contents (21).  This 

important difference in degranulation may prove important when comparing growth factor 

release from platelets in human and equine PRP. 

Platelets contain three types of secretory granules: alpha granules, dense granules, and 

lysosomal granules.  Alpha granules are the largest and most numerous of the platelet granules.   
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Figure 1.2  Platelet microstructure. The spectrin-actin meshwork provides structural stability.  

The coiled  microtubule (shown in green) maintains the platelet’s discoid shape (18). 

 

Modified from: Hartwig J and Italiano J, Jr. The birth of the platelet. J Thromb Haemost 

2003;1:1580-1586.  Used under fair use.  
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The alpha granules found in equine platelets are larger and more highly organized than the alpha 

granules of human platelets (10).  Human alpha granules are compartmentalized into two 

regions, which may allow the platelet to differentially release proteins in response to activation 

(24).  It is unknown whether equine alpha granules are compartmentalized in this manner.  Alpha 

granules acquire proteins by both endogenous synthesis and uptake and packaging of plasma 

proteins by receptor-mediated endocytosis and pinocytosis (25).  Human platelet alpha granules 

contain 284 different proteins, including Von Willebrand factor (vWF), factor V, proteoglycans, 

thrombospondin, fibronectin, fibrinogen, albumin, immunoglobulin, and numerous growth 

factors (26).  Platelet derived growth factor (PDGF), transforming growth factor (TGF)- 1, 

TGF- 2, epidermal growth factor, vascular endothelial growth factor, insulin like growth factor-

I, and hepatocyte growth factor are found in platelet alpha granules and are believed to promote 

tissue repair (6).   

Dense granules, less numerous and smaller than alpha granules, contain 40 known 

proteins including cell signaling proteins, molecular chaperones, cytoskeletal proteins, proteins 

involved in glycolysis, and proteins involved in platelet functions (27).  Dense granules also 

serve as a storage site for calcium and serotonin, important for initial vasoconstriction and 

formation of the platelet plug (28).  The third type of platelet granule, lysosomal granules, 

contain acid-dependent hydrolases including glycosidases, proteases, and lipases (28).  

Lysosomal granules are likely vestigial remnants left over from the megakaryocyte cytoplasm 

and have no known function in platelet function (12). 
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Figure 1.3  Electron micrographs of human (left) and equine (right) platelets. Key features 

include mitochondria (Mi), dense bodies (DB), open canalicular system (OCS), alpha granules 

(G), dense tubular system (DTS), and circumferential microtubule coil (T). Note the larger size 

of the alpha granules of the equine platelet compared to the human platelet (10). 

 

Modified from: Gader AG, Ghumlas AK, Hussain MF, Haidari AA, and White JG. The 

ultrastructure of camel blood platelets: A comparative study with human, bovine, and equine 

cells. Platelets 2008;19:51-58.  Used under fair use. 
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Activation 

Platelet activation is an essential component of hemostasis.  Platelet activation is 

stimulated by exposure to collagen, adenosine 5’-diphosphate (ADP), proteolytic enzymes (e.g., 

thrombin, trypsin), antigen-antibody complexes, and platelet activating factor secreted by 

leukocytes (29).  Regardless of the stimulus platelets undergo a specific sequence of events 

following activation that includes adhesion, aggregation, and the release reaction where granule 

contents are released to the extracellular environment.  In vivo, platelets adhere to exposed 

collagen fibrils via membrane glycoprotein receptors (30).  These receptors bind to the plasma 

glycoprotein vWF that in turn binds collagen.  Following adhesion to the extracellular matrix, 

platelets adhere to one another through the interaction of fibrinogen with surface receptors (IIb 

and IIIa) (31).  Platelet activation triggers cytoskeletal reorganization, changing their shape from 

discoid to spherical.  Next, finger-like projections extend from the periphery of the platelet and 

the platelet flattens, concentrating its granules in the center and giving it a “fried egg” 

appearance (Fig 1.4) (22).  This change in shape places platelet granules in close proximity to the 

OCS (or plasma membrane in those species without an OCS) in preparation for the release 

reaction.  Membrane fusion occurs between the granule and platelet membrane, and the granule 

contents are exocytosed.  Coagulation factors within alpha granules ensure fibrin formation and 

promote platelet plug stabilization.  Calcium and ADP from dense granules recruit additional 

platelets to the aggregate, forming the platelet plug (31, 32).  Following formation of the platelet 

plug, clot retraction occurs via platelet myosin filament contraction (22).  Initially clot retraction 

stabilizes the platelet plug, with further retraction serving as the primary step in thrombus 

removal. 
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Figure 1.4  Electron micrographs of resting (left) and activated (right) platelets.  The resting 

platelets have a discoid shape.  ;Note the thin filopodial extensions and irregular shape of the 

activated platelets (29). 

 

Modified from: Zucker MB and Nachmias VT. Platelet activation. Arteriosclerosis 1985;5:2-18. 

Used under fair use. 
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Platelet-Rich Plasma 

The term “platelet-rich plasma” is a nonspecific term often used to refer to a 

heterogenous group of blood products more correctly referred to as “platelet concentrates”.  

Platelet concentrates created using different techniques contain variable numbers of platelets and 

leukocytes and may be classified as leukocyte- and platelet-rich plasma (L-PRP) or “pure” PRP 

(P-PRP) (33).  In L-PRP, both platelets and leukocytes are in higher concentration than that 

found in whole blood.  Producing P-PRP involves an additional step of filtering to remove 

leukocytes or a technique that allows harvest of platelets without the white blood cells (WBC) 

(34).  In the human and equine PRP literature, platelet and WBC numbers for a specific product 

used are often not reported, making comparisons between “PRP” products difficult when 

assessing efficacy. 

For most applications, anti-coagulated blood is collected, processed into PRP, and 

injected intra-lesionally (tendon or ligament injuries) or applied topically (wounds or surgical 

sites).  PRP may also be used intra-articularly for the treatment of osteoarthritis (8).  Clinicians 

may choose to utilize the PRP in an inactivated state and rely on exposure of platelets to 

damaged tissue or collagen to stimulate platelet activation and granule release.  Theoretically, 

this may result in a “sustained release” of growth factors from platelets.  Some in vitro studies 

suggest that relying on endogenous activation results in incomplete degranulation and growth 

factor release (35-37).  Alternatively, platelets can be activated prior to use by exposure to 

substances such as bovine thrombin or calcium chloride (38).  Almost 100% of stored growth 

factors are released within one hour of exogenous activation (39). 

The versatility and ready availability of PRP makes it a promising therapy for a wide 

range of applications in human and equine medicine.  Further investigation into its mechanism of 
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action will make it possible to optimize preparation protocols and identify those disease 

conditions that will benefit most from its application. 

 

In Human Medicine  

 Autologous PRP has been used extensively in human medicine for over 20 years.  The 

fields of dentistry and orofacial surgery quickly adopted this therapeutic as a way to enhance 

bone formation and quality at dental extraction (40) and implant sites (41, 42), and improve 

success rates in difficult cases such as severe periodontal disease (40) or sinus floor 

reconstructions (43-45). 

 The use of platelet concentrates has shown beneficial effects on human wound healing.  

The use of platelet-fibrin glues in cosmetic surgeries resulted in decreased drain usage, post-

operative pain and swelling, and operating time (46, 47).  Donor sites for split-thickness skin 

grafts treated with PRP demonstrated more rapid epithelialization and less scarring and 

depigmentation than control donor sites and demonstrated increased epithelial budding and a 

more mature dermis histologically (48).  In patients with chronic, non-healing wounds of the 

distal extremities, twice daily application of platelet concentrate resulted in epithelialization in 

93% of wounds (49) and a 78% rate of limb salvage in patients for which amputation had 

previously been recommended (50). 

 Randomized, controlled clinical trials on the effects of PRP for orthopedic applications 

are largely lacking; however, smaller case series support a positive clinical effect.  An increased 

rate of fracture union has been demonstrated when platelet concentrates were applied at the time 

of fracture revision or injected percutaneously into the fracture gap (51, 52).  In total knee 

arthroplasty patients, intra-operative application of PRP to bone ends and exposed tissues 
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resulted in less post-operative blood loss and pain, greater range of motion, and a shorter hospital 

stay than patients that did not receive PRP (53).  In diabetic patients, PRP application resulted in 

improved healing and fewer complications following ankle fusion (53).   

 PRP therapy in human sports medicine most closely parallels the use of PRP in the 

equine patient.  In a large, randomized, controlled trial of patients with lateral epicondylitis, more 

patients who received PRP injections had a positive outcome compared with corticosteroid-

treated controls (73% versus 50%) (54).  Patients in the corticosteroid group improve initially 

and then declined, while patients in the PRP group continued to improve (54).  Other smaller 

trials have found similar results when treating lateral epicondylitis with PRP (55, 56).  A small 

study of PRP injection for chronic plantar fasciitis found that 77.9% of patients were symptom 

free one year following injection (57).  It should be noted that this trial had a very small sample 

size and did not include controls (57).  The results of pilot studies using PRP for chronic patellar 

tendonitis have been encouraging (58, 59).   

 

In Equine Medicine  

 Tendon and ligament injuries are a common cause of morbidity in horses of all 

disciplines and represent the most commonly used application for platelet therapies in the horse.  

Healing of tendons and ligaments is notoriously slow, and the resulting scar is biomechanically 

inferior, making the tissues prone to reinjury (60).  PRP is one of several regenerative therapies 

investigated to promote tendon and ligament healing.  In a study using equine superficial digital 

flexor (SDF) tendon explants, PRP significantly increased expression of the tendon matrix genes 

collagens type I and III and cartilage oligomeric matrix protein without an increase in catabolic 

cytokines when compared to controls (61).  Other studies have demonstrated a similar anabolic 
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effect (35, 62).  A less profound effect was observed in suspensory ligament explants, potentially 

due to differences in matrix molecule expression between the two tissue types, and  the authors 

suggest that PRP therapy may be most beneficial in specific types of injuries (63). 

Bosch et al. evaluated the effect of a single PRP treatment in horses using a bilateral 

mechanically-induced model of forelimb SDF tendonitis (7, 64).  Collagen, glycosaminoglycan, 

and DNA content were higher in the PRP group (7), further supporting the existence of an 

anabolic effect.  PRP-treated tendons had a higher strength at failure and elastic modulus than 

controls (7), suggesting a stronger repair.  Neovascularization was higher in the PRP-treated 

group (64), and may be one of the mechanisms by which PRP contributes to tendon and ligament 

healing.  Although the mechanical model results in gross and ultrasonographic lesions similar in 

appearance to clinical core lesions, differences in the underlying pathophysiology of the disease 

do exist.  Controlled clinical trials are needed to more completely assess the efficacy of PRP in 

clinical cases of flexor tendonitis. 

Small clinical case reports have shown promise for the successful treatment of tendon 

and ligament injuries with PRP.  Intralesional injection of PRP in Standardbreds with severe 

midbody suspensory ligament desmitis enabled return to racing when combined with a controlled 

exercise program (5).  Ultrasonographic improvement and decrease in lameness scores have also 

been documented in horses with SDF tendinopathy and suspensory ligament desmitis (65).   

Chronic wounds are commonly encountered in equine medicine, and wounds on the 

distal limb are often slow to heal.  Therapies that promote faster, more cosmetic wound healing 

result in decreased economic burden to the client and a faster return to use for the horse.  

Biopsies of surgical wounds treated with PRP combined with ascorbic acid contained more 

densely arranged collagen bundles (66) and more rapid epithelial differentiation (67) than 
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controls.  PRP application to small granulating surgical distal limb wounds favored granulation 

tissue formation, and slowed healing during the first three weeks, although total healing time was 

not significantly different from controls (9).  Faster time to wound healing has not been 

documented in surgical wounds; however, PRP may provide a benefit in large or chronic, non-

healing wounds, as seen in human medicine (49), by promoting formation of more mature 

collagen and potentially decreasing scar tissue formation. 

Intra-articular use of platelet concentrates is becoming increasingly popular.  Potential 

applications include the treatment of osteoarthritis and as an adjunct source of growth factors in 

the treatment of subchondral cystic lesions.  Lameness and joint effusion scores improved, and 

no adverse effects were observed when PRP was administered intra-articularly for the treatment 

of osteoarthritis (8).  PRP has been used successfully in conjunction with bone marrow aspirate 

concentrate and bone substitutes to fill medial femoral condyle cysts in a small number of horses 

(68). 

 

Methods of Preparing Platelet-rich Plasma  

 Prior to the widespread availability of commercial systems for platelet concentration, 

blood banking apheresis units were used to make PRP for clinical use.  For equine applications, 

the term “apheresis” is somewhat of a misnomer, as apheresis technically refers to “the process 

of removing a specific component from blood and returning the remaining components to the 

donor” (69).  Due to the large blood volume of the horse, an adequate volume of blood can be 

collected safely without readministering the remaining blood components to the horse.  The 

major disadvantage of apheresis units is their cost, limited availability, longer set up and 
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processing times, and the expertise required to operate the equipment.  Advantages include high 

platelet yields and the closed nature of the processing system (70).   

 As the popularity of PRP use has increased, commercial systems have been developed to 

make in-clinic preparation of PRP more practical and available.  Commercial systems can be 

divided into automated/semi-automated systems and manual systems.  Manual systems depend 

on the operator to determine what portion of the centrifuged blood is collected as PRP, while 

automated systems use infrared light, a density buoy, or shelf to sequester the platelet fraction 

(71).  Many commercial systems require special centrifuges designed to accommodate the 

disposable. 

One of the first semi-automated systems to be reported in the equine literature was the 

SmartPReP2
® 

system (Harvest Technologies, Plymouth, MA) (Fig 3.1) (71).  The system 

consists of an automated centrifuge with decanting capability and a dual chamber sterile 

disposable.  The system uses an initial spin to separate the plasma from the majority of the red 

blood cells and then the plasma is automatically decanted into a separate chamber.  A second 

spin serves to concentrate the platelets within the plasma fraction.  Studies utilizing this system 

to concentrate equine platelets have reported platelet concentrations 3.77 to 5.0 times that of 

whole blood (35, 61, 63).  In one report, the SmartPReP2
® 

produced PRP with a 1.85 fold 

decrease in mononuclear cells compared to whole blood (61).   

A relatively new automated system being used in equine practice (Magellan
®
 Platelet 

Separator System, Arteriocyte Medical Systems, Cleveland, OH) (Fig 3.2) is designed to provide 

the sophisticated centrifugation technology available in blood banking equipment in a compact, 

less expensive, and more operator friendly system.  If larger volumes of PRP are needed, the 

disposable kit may be used for up to three centrifugation cycles in the same patient.  The starting 
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blood volume and final PRP volume (and therefore the degree of platelet concentration) can be 

customized for each patient.  Syringe pumps on the unit control PRP aspiration, allowing for 

very minimal operator handling of the sample.  When 60ml of whole blood is used to make 3ml 

of PRP, platelet counts over one million per microliter can be consistently achieved and are 

significantly higher than those reported for the SmartPReP2
®
 system (71).   

 Manual commercial systems for preparing PRP are also available.  Most are available in 

kit form.  These systems provide a closed means of processing; however, they require a greater 

degree of sample handling than the Magellan system.  Some systems have the added advantage 

of being less expensive than the disposables required for the automated systems.  Purchase of a 

specialized centrifuge may or may not be required, depending on the system.  Most systems are 

variations on a common theme: a tube for centrifugation equipped with a proprietary method for 

directed aspiration of PRP and platelet-poor plasma (PPP).  Two examples are the GPS III
®

 

(Biomet Biologics, Warsaw, IN) and the GenesisCS
®
 (Vet-Stem, Inc, Poway, CA) systems (Fig 

3.3).  Neither system has been reported in the equine literature; however, both systems are 

marketed to the veterinary community.  Both systems utilize a single centrifugation cycle to 

remove the red blood cells and concentrate the platelets in a small plasma volume just above the 

packed red cells.  The GPS III
® 

system has a fixed, slanted dual density buoy designed to 

separate the platelet-rich layer from the platelet-poor layer of plasma.  PRP and PPP are aspirated 

from separate ports on the system through tubing designed to access the desired fraction 

specifically.  Although the manufacturer classifies the system as automated, the system requires 

the operator to execute multiple steps, including the resuspension of platelets.  The manufacturer 

claims a 90% platelet recovery using human blood.   
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Figure 1.5  Harvest SmartPReP2
® 

system. Disposable prior to centrifugation (left), centrifuge 

(center), and disposable after centrifugation (right) showing separated blood components (72). 

 

Available from http://www.harvesttech.com/products/whatisprp.html.  Reprinted with 

permission. 
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Figure 1.6  Magellan
®
 Platelet Separator System shown empty (left)  and loaded with 

separation kit (right) (71, 73).   

 

Image on left modified from Sutter W. Autologous Cell-Based Therapy for Tendon and 

Ligament Injuries. Clin Tech Equine Pract 2007;6:198-208.  Used under fair use. 

 

Image on right modified from McCurdy B. Top ten innovations in podiatric care. Pod Today 

2010;23:32-38.  Used under fair use. 
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A similar but simplified manual system is the GenesisCS
®
 system.  The separation tube 

has one aspiration port for removing both PPP and PRP that is connected to a concave aspiration 

disc by a length of tubing.  The aspiration disc does not have a function in separating the PRP 

layer and remains on top of the plasma to aid smooth aspiration of the blood components.   

 The cost and need for special equipment to produce PRP can be avoided by centrifuging 

blood collection tubes using a variety of protocols (36, 74).  Blood is collected into syringes 

containing anticoagulant and transferred to empty blood collection tubes (74) or collected 

directly into evacuated tubes containing sodium citrate (8).  Single, double, and triple 

centrifugation protocols have been reported (36, 65).  These methods require the removal of caps 

and stoppers from the tubes to collect PRP, exposing the product to the environment and possible 

contamination, and are therefore considered “open” techniques.  However, a recent report 

concluded that sterile platelet concentrates could be prepared using tube centrifugation as long as 

processing took place in a clean laboratory environment (76).  Except for a single report (36), 

platelet numbers obtained with tube centrifugation methods are typically lower than those from 

commercial methods (74). 

 

Quality Assessment Parameters 

Platelet Numbers 

 Of particular clinical importance is the question of how many platelets are needed to 

produce a beneficial treatment effect.  Several studies have investigated this question.  Some 

authors recommend maximal platelet concentration to achieve PRP with very high platelet 

numbers (6, 48).  An early in vitro study demonstrated that PRP, at platelet concentrations  

greater than four times baseline, enhanced proliferation and differentiation of adult human   
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Figure 1.7 Examples of manual PRP systems. The GPS III
®

 (left) with slanted density buoy 

(inset) and the GenesisCS
® 

(right)
 
with attached collection syringes (71, 75).   

 

 Image on left modified from GPS III Gravitational Platelet System Brochure. Warsaw, Indiana.  

Used under fair use. 

 

Image on right modified from Sutter W. Autologous Cell-Based Therapy for Tendon and 

Ligament Injuries. Clin Tech Equine Pract 2007;6:198-208.  Used under fair use. 
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mesenchymal stem cells in a dose-dependent manner (77).  Extrapolation from this study led to 

the commonly recommended target of 1 million platelets (equal to four to five times the average 

human platelet count of 200,000 ± 75,000/µl) (2, 48). 

Not all studies support the idea that very high platelet numbers are desirable in PRP.  

Fibroblasts demonstrated a dose-dependent increase in type I collagen production when exposed 

to platelet lysate; however, there was an inhibitory effect observed at the highest concentrations 

(78).  PRP with a platelet concentration 2.5 times that of baseline promoted proliferation of 

cultured human osteoblasts and fibroblasts; however, PRP with higher platelet concentrations (5 

times that of baseline) had an inhibitory effect (79).  A similar study of cultured canine 

osteoblasts demonstrated a marked cytotoxic effect at high PRP concentrations (80).  The results 

of these in vitro experiments are compelling, and several in vivo studies have demonstrated 

similar findings.  In an in vivo porcine model of anterior cruciate ligament repair, there was no 

difference in biomechanical properties when platelets were concentrated at 3X and 5X baseline 

(81).  Bursting strengths of rat jejunal anastomoses were significantly higher than controls when 

platelets were concentrated at 2X baseline; but PRP concentrated at 5X baseline resulted in a 

significant decrease in the strength of the repair (82). 

Several possible explanations exist for the inhibitory effect of platelets at high 

concentrations.  Increasing the platelet concentration of platelet lysates leads to an increase in pH 

that is suboptimal for wound healing (78).  Along with beneficial growth factors, PRP may also 

contain inhibitory substances that have a negative effect on healing in high concentrations.  

Thrombospondin-1 (TSP-1), a large extracellular matrix protein, inhibits cell adhesion, 

proliferation, and neovascularization (83).  TSP-1 is found in higher levels in concentrated PRP 
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and inhibits cell proliferation in a dose-dependent manner (84).  High concentrations of growth 

factors may have cytotoxic or anti-mitogenic effects (41). 

Extrapolation of an ideal platelet number for equine PRP from the human literature is 

difficult because of the lower average equine platelet count (142,000/µl) compared to humans 

(85).  It is possible that species-specific differences in platelet physiology, such as mechanism of 

degranulation (10), or growth factor content of platelet alpha granules may influence the number 

of platelets needed in a PRP sample.  Also, different applications (tendon and ligament injuries 

versus wounds) or different stages of the healing process (86, 87) may have differing 

requirements for platelet numbers and growth factor levels.  In vitro and in vivo equine studies 

are needed to determine the optimal “dose” of platelets in equine PRP that are needed to achieve 

a positive tissue response.   

 

Growth Factor Levels 

 The positive effects of PRP are believed to be due to the release of growth factors from 

platelet alpha granules (2, 88).  Growth factors enhance healing by recruitment of cells to the 

wounded area, stimulation of cell proliferation, and enhancement of matrix synthesis (89).  Some 

investigators suggest that the levels of growth factors present in PRP may be more important 

than platelet numbers (90).  Several growth factors demonstrate a dose-response curve that 

reaches a point of diminishing returns as cell surface receptors for that growth factor are 

completely occupied (89, 91).  Some growth factors have an inhibitory effect on cell functions 

once a high enough concentration is reached (92).  The dose-response relationship is both growth 

factor and cell type dependent. 
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There are several potential problems with using growth factor levels to assess the quality 

of a platelet concentrate.  Therapeutic concentrations of growth factors for specific equine 

applications have not been thoroughly defined (93).  The commercial ELISAs that are used for 

quantifying growth factors are designed for quantifying human, not equine, growth factors and 

are sensitive to red blood cell contamination (62).  Substances such as fibrin monomers, 

thrombospondins, and other proteins within the PRP sample itself may bind or interact with 

growth factors and prevent accurate measurement (94).  Experimental sample handling, such as 

freezing or storing, alter in vitro growth factor concentrations, making extrapolation to clinical 

applications difficult (95).  Additionally, growth factor levels in platelet concentrates vary 

greatly among individuals and can vary among different samples from the same patient (96-98).   

Measuring growth factor levels in the clinical setting is impractical, and several studies 

have examined correlations with other parameters that are more easily measured, such as platelet 

and WBC numbers (70).  An overall positive correlation between equine TGF-β1 and platelet 

numbers has been demonstrated (35, 70), but the same association was not found for IGF-1 (70).  

Other studies have failed to demonstrate a correlation between platelet numbers and growth 

factor levels, suggesting that platelet numbers may not provide an accurate estimate of growth 

factor levels within a sample (8, 74, 98, 99, 100). 

 

White Blood Cell Numbers 

 Different methods of PRP preparation vary widely in the degree to which they 

concentrate WBCs.  The role of WBCs in PRP remains unclear.  Arguments have been made for 

both beneficial and harmful effects of WBCs.  Some authors recommend the elimination of 

WBCs from PRP because of the pro-inflammatory cytokines they contain (35, 61, 101).  
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Cytokine accumulation has been associated with the presence of WBCs in stored human 

allogeneic platelet concentrates intended for systemic administration (102, 103).  White blood 

cells were positively correlated with expression of catabolic cytokines and negatively correlated 

with matrix gene expression in human PRP products (104) and in equine tendon and ligament 

explants treated with PRP (35).  For this reason, some authors suggest the use of P-PRP (<3,000 

WBC/μl) for specific applications such as intra-articular use or treatment of tendon and ligament 

injuries (35, 105).   

 Other authors propose several potential beneficial roles of WBCs in PRP.  White blood 

cells play a vital role in tissue repair by modulating the immune response by secreting cytokines 

that mediate inflammation (interleukin (IL)-1β, tumor necrosis factor (TNF)-α, IL-6) and 

promote cell proliferation and differentiation (IL-4, VEGF) (106).  White blood cells release 

VEGF and PDGF and stimulate platelets to release growth factors, enhancing total growth factor 

concentration over P-PRP (105, 107, 108).  White blood cells are also likely responsible for the 

antimicrobial properties of PRP (88, 109).  PRP inhibits the in vitro growth of Staphylococcus 

aureus and Escherichia coli.  This suggests that L-PRP may be a useful tool in treating infections 

involving these organisms.  When used during coronary artery surgery, PRP significantly 

decreased the occurrence of chest wound infection, chest wound drainage, and leg wound 

drainage (110). 

 Leukocyte- and platelet-rich plasma has been used clinically for a variety of applications 

in humans and horses (8, 110, 111).  It has been used extensively to treat chronic tendonitis (5, 

55), fracture nonunions (52), and chronic wounds (50) in humans and intra-articularly in both 

horses and humans without adverse effects (8, 111).  There have been no clinical reports of an 

uncontrolled inflammatory response following L-PRP use.  On the contrary, the use of L-PRP 
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has been reported to decrease pain and inflammation at treated sites (109, 112).  Further in vivo 

studies comparing L-PRP and P-PRP are needed to determine the role of WBCs in PRP.    

 

Platelet Counting and Activation 

 The ability to accurately count platelets in a PRP sample is an important consideration 

for quality assessment or comparison of PRP systems.  Several factors should be considered 

when performing platelet counts.  Platelet aggregation may occur during blood collection or 

processing of PRP and is of major significance when counting platelets in whole blood or 

platelet concentrates (12).  Aggregation in PRP samples can lead to platelet counts that are 

falsely low because the analyzer counts these aggregates as a single platelet (113).  Platelet 

aggregation may be influenced by the type of anticoagulant used.  Lower platelet counts were 

demonstrated in human PRP collected in citrated anticoagulants compared to those collected in 

EDTA (114)  However, this finding was not confirmed in another study (115).  Most human and 

equine PRP studies have used citrate as the anticoagulant because it supports platelet metabolism 

(9, 66, 74, 116).  The feathered edge of stained smears may be examined for platelet clumping in 

an effort to verify the accuracy of platelet counts.  Hematology analyzers should be gaited for 

species-specific platelet and cell sizes to obtain accurate counts and caution should be exercised 

when comparing platelet counts from studies using different analyzers. 

 Another important parameter for assessing the quality of a PRP product is the degree of 

platelet activation that occurs during processing.  Platelet activation may occur during blood 

collection, handling, and processing and can lead to platelet degranulation and loss of growth 

factors into the discarded PPP (36, 37, 94).  Mean platelet volume (MPV) is an estimate of 

platelet size and increases with platelet activation as platelets change from a discoid to spherical 
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shape (117).  Measurement of MPV is possible using many automated hematology analyzers and 

may provide a rough clinical estimation of platelet activation in a PRP sample (117).  Prolonged 

exposure to EDTA, prolonged storage at room temperature, refrigeration, and delayed exposure 

to anticoagulant may cause increases in MPV (118).  Minimal changes in MPV are observed 

when blood is stored at 37
o
C, and increases in MPV associated with cooling are reversible (119).  

MPV ranges from 4.3 to 5.6fL in normal adult horses (85).  Most hematology analyzers are 

capable of measuring MPV, making this a clinically useful method for estimating platelet 

activation in a PRP sample. 

 

Conclusions 

 Platelet-rich plasma has been used for a wide range of applications in human and 

veterinary medicine.  Although large, controlled, clinical studies are needed, especially in horses, 

the body of literature does support a positive effect.  PRP has several advantages over other 

therapies.  It is a regenerative therapy and therefore promotes restoration of normal tissue 

architecture and function.  Platelet-rich plasma is used in an autologous manner in equine 

medicine; therefore, the risk of disease transmission or immune rejection is avoided.  Platelet-

rich plasma treatments are applied in a point-of-care manner, avoiding the hospitalization costs 

and processing delays associated with other regenerative therapies. 

 Many questions remain regarding the mechanism by which PRP may support healing.  

Determination of optimal platelet and WBC numbers in PRP for different applications is needed.  

Equine processing protocols must take into account the unique aspects of equine blood and 

platelets in order to reproducibly produce PRP products for specific clinical applications.  Some 

clients are unable to afford PRP produced with expensive commercial systems.  Development of 
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an inexpensive, safe, method of PRP preparation would make this therapy more widely available.  

An experiment was designed to compare three simple tube centrifugation methods with a 

commercially available manual method of PRP preparation and the study design and details are 

outlined in Chapter 2 of this thesis. 



30 

 

References 

 

1. Patterson-Kane JC and Firth EC. The pathobiology of exercise-induced superficial digital 

flexor tendon injury in Thoroughbred racehorses. Vet J 2009;181:79-89. 

2. Sampson S, Gerhardt M, and Mandelbaum B. Platelet rich plasma injection grafts for 

musculoskeletal injuries: A review. Curr Rev Musculoskelet Med 2008;1:165-174. 

3. Simman R, Hoffmann A, Bohinc RJ, Peterson WC, and Russ AJ. Role of platelet-rich 

plasma in acceleration of bone fracture healing. Ann Plast Surg 2008;61:337-344. 

4. Nikolidakis D, Meijer GJ, and Jansen JA. Sinus floor elevation using platelet-rich plasma 

and beta-tricalcium phosphate: case report and histological evaluation. Dent Today 

2008;27:66-70. 

5. Waselau M, Sutter WW, Genovese RL, and Bertone AL. Intralesional injection of 

platelet-rich plasma followed by controlled exercise for treatment of midbody suspensory 

ligament desmitis in Standardbred racehorses. J Am Vet Med Assoc 2008;232:1515-

1520. 

6. Anitua E, Andia I, Ardanza B, Nurden P, and Nurden AT. Autologous platelets as a 

source of proteins for healing and tissue regeneration. Thromb Haemost 2004;91:4-15. 

7. Bosch G, van Schie HT, de Groot MW, et al. Effects of platelet-rich plasma on the 

quality of repair of mechanically induced core lesions in equine superficial digital flexor 

tendons: A placebo-controlled experimental study. J Orthop Res 2010;28:211-217. 

8. Carmona JU, Argüelles D, Climent F, and Prades M. Autologous platelet concentrates as 

a treatment of horses with osteoarthritis: A preliminary pilot clinical study. J Eq Vet Sci 

2007;27:167-170. 



31 

 

9. Monteiro SO, Lepage OM, and Theoret CL. Effects of platelet-rich plasma on the repair 

of wounds on the distal aspect of the forelimb in horses. Am J Vet Res 2009;70:277-282. 

10. Gader AG, Ghumlas AK, Hussain MF, Haidari AA, and White JG. The ultrastructure of 

camel blood platelets: A comparative study with human, bovine, and equine cells. 

Platelets 2008;19:51-58. 

11. Boudreaux M and Ebbe S. Comparison of platelet number, mean platelet volume and 

platelet mass in five mammalian species. Comp Haematol Int 1998;8:16-20. 

12. Coller BS. A brief and highly selective history of ideas about platelets in health and 

disease. In: Platelets. 1st ed. San Diego, California: Academic Press, 2002: p.xxix -xliii. 

13. Wright JH. The histogenesis of the blood platelets. n. p., 1910. 

14. Stockham SL and Scott MA. Platelets.  Fundamentals of Veterinary Clinical Pathology. 

2nd ed. Ames, Iowa: Blackwell Publishing, 2008: p.223-258. 

15. Kaufman RM, Airo R, Pollack S, and Crosby WH. Circulating megakaryocytes and 

platelet release in the lung. Blood 1965;26:720-731. 

16. Behnke O and Forer A. From megakaryocytes to platelets: Platelet morphogenesis takes 

place in the bloodstream. Eur J Haematol Suppl 1998;61:3-23. 

17. Thon JN, Montalvo A, Patel-Hett S, et al. Cytoskeletal mechanics of proplatelet 

maturation and platelet release. J Cell Biol 2010;191:861-874. 

18. Hartwig J and Italiano J, Jr. The birth of the platelet. J Thromb Haemost 2003;1:1580-

1586. 

19. Italiano JE, Jr. and Hartwig JH. Megakaryocyte development and platelet Formation. In: 

Platelets. 1st ed. San Diego, California: Academic Press, 2002: p.21-35. 



32 

 

20. Grondin TM and Dewitt SF. Normal hematology of the horse and donkey. In: Schalm's 

Veterinary Hematology. 6th ed. Ames, Iowa: Blackwell Publishing Ltd, 2010:p.821-828. 

21. Boudreaux MK. Platelet structure. In: Schalm's Veterinary Hematology. 6th ed. Ames, 

Iowa: Blackwell Publishing Ltd, 2010: p.561-568. 

22. Hartwig JH. Platelet structure. In: Platelets. 1st ed. San Diego, California: 2002: p.37-52. 

23. Barkalow KL, Italiano JE, Jr., Chou DE, Matsuoka Y, Bennett V, and Hartwig JH. 

Alpha-adducin dissociates from F-actin and spectrin during platelet activation. J Cell Biol 

2003;161:557-570. 

24. Sehgal S and Storrie B. Evidence that differential packaging of the major platelet granule 

proteins von Willebrand factor and fibrinogen can support their differential release. J 

Thromb Haemost 2007;5:2009-2016. 

25. Handagama PJ, George JN, Shuman MA, McEver RP, and Bainton DF. Incorporation of 

a circulating protein into megakaryocyte and platelet granules. Proc Nation Acad of Sci 

1987;84:861-865. 

26. Maynard DM, Heijnen HF, Horne MK, White JG, and Gahl WA. Proteomic analysis of 

platelet alpha-granules using mass spectrometry. J Thromb Haemost 2007;5:1945-1955. 

27. Hernandez-Ruiz L, Valverde F, Jimenez-Nunez MD. Organellar proteomics of human 

platelet dense granules reveals that 14-3-3zeta is a granule protein related to 

atherosclerosis. J Proteome Res 2007;6:4449-4457. 

28. Dell'Angelica EC, Mullins C, Caplan S, and Bonifacino JS. Lysosome-related organelles. 

FASEB J 2000;14:1265-1278. 

29. Zucker MB and Nachmias VT. Platelet activation. Arteriosclerosis 1985;5:2-18. 



33 

 

30. Boudreaux MK and Catalfamo JL. Platelet biochemistry, signal transduction, and 

function. In: Schalm's Veterinary Hematology. 6th ed. Ames, Iowa: Blackwell Publishing 

Ltd, 2010: p.569-575. 

31. Baker DC. Diagnosis of disorders of hemostasis. In: MA Thrall's Veterinary Hematology 

and Clinical Chemistry. 1st ed. Baltimore, Maryland: Lippincott, Williams, and Wilkins, 

2004: p.179-196. 

32. Rendu F and Brohard-Bohn B. The platelet release reaction: granules' constituents, 

secretion and functions. Platelets 2001;12:261-273. 

33. Dohan Ehrenfest DM, Rasmusson L, and Albrektsson T. Classification of platelet 

concentrates: From pure platelet-rich plasma (P-PRP) to leucocyte- and platelet-rich 

fibrin (L-PRF). Trends Biotechnol 2009;27:158-167. 

34. McCarrel T, Minas T, and Fortier L. Optimization of white blood cell concentration in 

platelet rich plasma (PRP) for treatment of tendonitis. Vet Surgery 2011;40:E37. 

35. McCarrel T and Fortier L. Temporal growth factor release from platelet-rich plasma, 

trehalose lyophilized platelets, and bone marrow aspirate and their effect on tendon and 

ligament gene expression. J Orthop Res 2009;27:1033-1042. 

36. Textor JA, Norris JW, and Tablin F. Effects of preparation method, shear force, and 

exposure to collagen on release of growth factors from equine platelet-rich plasma. Am J 

Vet Res 2011;72:271-278. 

37. Dunkel B, Bolt DM, Smith RK, and Cunningham FM. Stimulus-dependent release of 

tissue-regenerating factors by equine platelets. Equine Vet J 2011;44:346-354. 

 



34 

 

38. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, and Rodeo SA. Platelet-rich 

plasma: From basic science to clinical applications. Am J Sports Med 2009;37:2259-

2272. 

39. Marx RE. Platelet-rich plasma (PRP): What is PRP and what is not PRP? Implant Dent 

2001;10:225-228. 

40. Anitua E. Plasma rich in growth factors: Preliminary results of use in the preparation of 

future sites for implants. Int J Oral Max Impl 1999;14:529-535. 

41. Weibrich G, Hansen T, Kleis W, Buch R, and Hitzler WE. Effect of platelet 

concentration in platelet-rich plasma on peri-implant bone regeneration. Bone 

2004;34:665-671. 

42. de Obarrio JJ, Arauz-Dutari JI, Chamberlain TM, and Croston A. The use of autologous 

growth factors in periodontal surgical therapy: Platelet gel biotechnology - Case reports. 

Int J Periodont Rest 2000;20:487-497. 

43. Mazor Z, Peleg M, Garg AK, and Luboshitz J. Platelet-rich plasma for bone graft 

enhancement in sinus floor augmentation with simultaneous implant placement: Patient 

series study. Implant Dent 2004;13:65-72. 

44. Tischler M. Platelet rich plasma. The use of autologous growth factors to enhance bone 

and soft tissue grafts. N Y State Dent J 2002;68:22-24. 

45. Rodriguez A, Anastassov GE, Lee H, Buchbinder D, and Wettan H. Maxillary sinus 

augmentation with deproteinated bovine bone and platelet rich plasma with simultaneous 

insertion of endosseous implants. J Oral Maxillofac Surg 2003;61:157-163. 



35 

 

46. Man D, Plosker H, and Winland-Brown JE. The use of autologous platelet-rich plasma 

(platelet gel) and autologous platelet-poor plasma (fibrin glue) in cosmetic surgery. Plast 

Reconstr Surg 2001;107:229-237; discussion 238-229. 

47. Oliver DW, Hamilton SA, Figle AA, Wood SH, and Lamberty BG. A prospective, 

randomized, double-blind trial of the use of fibrin sealant for face lifts. Plast Reconstr 

Surg 2001;108:2101-2105, discussion 2106-2107. 

48. Marx RE. Platelet-rich plasma: Evidence to support its use. J Oral Maxillofac Surg 

2004;62:489-496. 

49. Knighton DR, Ciresi KF, Fiegel VD, Austin LL, and Butler EL. Classification and 

treatment of chronic nonhealing wounds: Successful treatment with autologous platelet-

derived wound healing factors (PDWHF). Ann Surg 1986;204:322-330. 

50. Ganio C, Tenewitz FE, Wilson RC, and Moyles BG. The treatment of chronic nonhealing 

wounds using autologous platelet-derived growth factors. J Foot Ankle Surg 

1993;32:263-268. 

51. Gandhi A, Bibbo C, Pinzur M, and Lin SS. The role of platelet-rich plasma in foot and 

ankle surgery. Foot Ankle Clin 2005;10:621-637. 

52. Bielecki T, Gazdzik TS, and Szczepanski T. Benefit of percutaneous injection of 

autologous platelet-leukocyte-rich gel in patients with delayed union and nonunion. Eur 

Surg Res 2008;40:289-296. 

53. Gardner MJ, Demetrakopoulos D, Klepchick PR, and Mooar PA. The efficacy of 

autologous platelet gel in pain control and blood loss in total knee arthroplasty. An 

analysis of the haemoglobin, narcotic requirement and range of motion. Int Orthop 

2007;31:309-313. 



36 

 

54. Peerbooms JC, Sluimer J, Bruijn DJ, and Gosens T. Positive effect of an autologous 

platelet concentrate in lateral epicondylitis in a double-blind randomized controlled trial: 

Platelet-rich plasma versus corticosteroid injection with a 1-year follow-up. Am J Sports 

Med 2010;38:255-262. 

55. Mishra A and Pavelko T. Treatment of chronic elbow tendinosis with buffered platelet-

rich plasma. Am J Sports Med 2006;34:1774-1778. 

56. Edwards SG and Calandruccio JH. Autologous blood injections for refractory lateral 

epicondylitis. J Hand Surg Am 2003;28:272-278. 

57. Barrett SL and S E. Growth factors for chronic plantar fasciitis. Pod Today 2004;17:37-

42. 

58. Filardo G, Kon E, Della Villa S, Vincentelli F, Fornasari PM, and Marcacci M. Use of 

platelet-rich plasma for the treatment of refractory jumper's knee. Int Orthop 

2010;34:909-915. 

59. Kon E, Filardo G, Delcogliano M, et al. Platelet-rich plasma: New clinical application: A 

pilot study for treatment of jumper's knee. Injury 2009;40:598-603. 

60. Woo SL, Hildebrand K, Watanabe N, Fenwick JA, Papageorgiou CD, and Wang JH. 

Tissue engineering of ligament and tendon healing. Clin Orthop Relat Res 1999 (367 

Suppl): S312-323. 

61. Schnabel LV, Mohammed HO, Miller BJ, et al. Platelet rich plasma (PRP) enhances 

anabolic gene expression patterns in flexor digitorum superficialis tendons. J Orthop Res 

2007;25:230-240. 



37 

 

62. Smith JJ, Ross MW, and Smith RK. Anabolic effects of acellular bone marrow, platelet 

rich plasma, and serum on equine suspensory ligament fibroblasts in vitro. Vet Comp 

Orthop Traumatol 2006;19:43-47. 

63. Schnabel LV, Sonea HO, Jacobson MS, and Fortier LA. Effects of platelet rich plasma 

and acellular bone marrow on gene expression patterns and DNA content of equine 

suspensory ligament explant cultures. Equine Vet J 2008;40:260-265. 

64. Bosch G, Moleman M, Barneveld A, van Weeren PR, and van Schie HT. The effect of 

platelet-rich plasma on the neovascularization of surgically created equine superficial 

digital flexor tendon lesions. Scand J Med Sci Sports 2011;21:554-561. 

65. Arguelles D, Carmona JU, Climent F, Munoz E, and Prades M. Autologous platelet 

concentrates as a treatment for musculoskeletal lesions in five horses. Vet Rec 

2008;162:208-211. 

66. Carter CA, Jolly DG, Worden CE, Sr., Hendren DG, and Kane CJ. Platelet-rich plasma 

gel promotes differentiation and regeneration during equine wound healing. Exp Mol 

Pathol 2003;74:244-255. 

67. DeRossi R, Coelho AC, Mello GS, et al. Effects of platelet-rich plasma gel on skin 

healing in surgical wound in horses. Acta Cir Bras 2009;24:276-281. 

68. Fortier LA and Nixon AJ. New surgical treatments for osteochondritis dissecans and 

subchondral bone cysts. Vet Clin North Am Equine Pract 2005;21:673-690. 

69. Merriam-Webster's Medical Dictionary. Enl. print ed. Springfield, Mass, 2007. 

70. Sutter WW, Kaneps AJ, and Bertone AL. Comparison of hematologic values and 

transforming growth factor-beta and insulin-like growth factor concentrations in platelet 



38 

 

concentrates obtained by use of buffy coat and apheresis methods from equine blood. Am 

J Vet Res 2004;65:924-930. 

71. Sutter W. Autologous Cell-Based Therapy for Tendon and Ligament Injuries. Clin Tech 

Equine Pract 2007;6:198-208. 

72. Available from http://www.harvesttech.com/products/whatisprp.html. 

73. McCurdy B. Top ten innovations in podiatric care. Pod Today 2010;23:32-38. 

74. Arguelles D, Carmona JU, Pastor J, et al. Evaluation of single and double centrifugation 

tube methods for concentrating equine platelets. Res Vet Sci 2006;81:237-245. 

75. GPS III Gravitational Platelet System Brochure. Warsaw, Indiana. 

76. Alvarez ME, Giraldo CE, and Carmona JU. Monitoring bacterial contamination in equine 

platelet concentrates obtained by the tube method in a clean laboratory environment 

under three different technical conditions. Equine Vet J 2010;42:63-67. 

77. Haynesworth SE, Kadiyala S, Liang L, and Bruder SP. Mitogenic stimulation of human 

mesenchymal stem cells by platelet releasate suggests a mechanism for enhancement of 

bone repair by platelet concentrate. Trans Orthop Res Soc 1996;21:462. 

78. Liu Y, Kalen A, Risto O, and Wahlstrom O. Fibroblast proliferation due to exposure to a 

platelet concentrate in vitro is pH dependent. Wound Repair Regen 2002;10:336-340. 

79. Graziani F, Ivanovski S, Cei S, Ducci F, Tonetti M, and Gabriele M. The in vitro effect 

of different PRP concentrations on osteoblasts and fibroblasts. Clin Oral Impl Res 

2006;17:212-219. 

80. Choi BH, Zhu SJ, Kim BY, Huh JY, Lee SH, and Jung JH. Effect of platelet-rich plasma 

(PRP) concentration on the viability and proliferation of alveolar bone cells: An in vitro 

study. Int J Oral Maxillofac Surg 2005;34:420-424. 



39 

 

81. Mastrangelo AN, Vavken P, Fleming BC, Harrison SL, and Murray MM. Reduced 

platelet concentration does not harm PRP effectiveness for ACL repair in a porcine in 

vivo model. J Orthop Res 2011;29:1002-1007. 

82. Yamaguchi R, Terashima H, Yoneyama S, Tadano S, and Ohkohchi N. Effects of 

platelet-rich plasma on intestinal anastomotic healing in rats: PRP concentration is a key 

factor. J Surg Res 2012;173:258-266. 

83. Adams JC. Thrombospondins: Multifunctional regulators of cell interactions. An Rev 

Cell Dev Bio 2001;17:25-51. 

84. Hsu CW, Yuan K, and Tseng CC. The negative effect of platelet-rich plasma on the 

growth of human cells is associated with secreted thrombospondin-1. Oral Surg Oral Med 

Oral Pathol Oral Radiol Endod 2009;107:185-192. 

85. Boudreaux MK and Ebbe S. Comparison of platelet number, mean platelet volume and 

platelet mass in five mammalian species. Comp Haematol Int 1998;8:16-20. 

86. Vavken P, Saad FA, and Murray MM. Age dependence of expression of growth factor 

receptors in porcine ACL fibroblasts. J Orthop Res 2010;28:1107-1112. 

87. Dahlgren LA, Mohammed HO, and Nixon AJ. Temporal expression of growth factors 

and matrix molecules in healing tendon lesions. J Orthop Res 2005;23:84-92. 

88. Bielecki TM, Gazdzik TS, Arendt J, Szczepanski T, Krol W, and Wielkoszynski T. 

Antibacterial effect of autologous platelet gel enriched with growth factors and other 

active substances: An in vitro study. J Bone Joint Surg Br 2007;89:417-420. 

89. Schmidt MB, Chen EH, and Lynch SE. A review of the effects of insulin-like growth 

factor and platelet derived growth factor on in vivo cartilage healing and repair. 

Osteoarthritis Cart 2006;14:403-412. 



40 

 

90. McLellan J PS. Does it matter which platelet-rich plasma we use? Equine Vet Educ 

2011;23:101-104. 

91. Ranly DM, McMillan J, Keller T, et al. Platelet-derived growth factor inhibits 

demineralized bone matrix-induced intramuscular cartilage and bone formation. J Bone 

Joint Surg Am 2005;87:2052-2064. 

92. Weibrich G, Kleis WK, Kunz-Kostomanolakis M, Loos AH, and Wagner W. Correlation 

of platelet concentration in platelet-rich plasma to the extraction method, age, sex, and 

platelet count of the donor. Int J Oral Maxillofac Implants 2001;16:693-699. 

93. Wu L, Xia Y-P, Roth SI, Gruskin E, and Mustoe TA. Transforming Growth Factor-β1 

fails to stimulate wound healing and impairs its signal transduction in an aged ischemic 

ulcer model: Importance of oxygen and age. Am J Path 1999;154:301-309. 

94. Dohan DM, Choukroun J, Diss A, et al. Platelet-rich fibrin (PRF): A second-generation 

platelet concentrate. Part II: Platelet-related biologic features. Oral Surg Oral Med Oral 

Pathol Oral Radiol Endod 2006;101:e45-e50. 

95. Zimmermann R, Arnold D, Strasser E, et al. Sample preparation technique and white cell 

content influence the detectable levels of growth factors in platelet concentrates. Vox 

Sang 2003;85:283-289. 

96. Eppley BL, Woodell JE, and Higgins J. Platelet quantification and growth factor analysis 

from platelet-rich plasma: Implications for wound healing. Plast Reconstr Surg 

2004;114:1502-1508. 

97. Torricelli P, Fini M, Filardo G, et al. Regenerative medicine for the treatment of 

musculoskeletal overuse injuries in competition horses. Int Orthop 2011;35:1569-1576. 



41 

 

98. Mazzucco L, Balbo V, Cattana E, Guaschino R, and Borzini P. Not every PRP-gel is born 

equal: Evaluation of growth factor availability for tissues through four PRP-gel 

preparations: Fibrinet®, RegenPRP-Kit®, Plateltex® and one manual procedure. Vox 

Sang 2009;97:110-118. 

99. Weibrich G, Kleis WK, Hitzler WE, and Hafner G. Comparison of the platelet 

concentrate collection system with the plasma-rich-in-growth-factors kit to produce 

platelet-rich plasma: a technical report. Int J Oral Maxillofac Implants 2005;20:118-123. 

100. Weibrich G, Kleis WKG, Hafner G, and Hitzler WE. Growth factor levels in platelet-rich 

plasma and correlations with donor age, sex, and platelet count. J Craniomaxillofac Surg 

2002;30:97-102. 

101. Anitua E, Sánchez M, Orive G, and Andía I. The potential impact of the preparation rich 

in growth factors (PRGF) in different medical fields. Biomat 2007;28:4551-4560. 

102. Muylle L, Joos M, Wouters E, De Bock R, and Peetermans ME. Increased tumor necrosis 

factor alpha (TNF alpha), interleukin 1, and interleukin 6 (IL-6) levels in the plasma of 

stored platelet concentrates: Relationship between TNF alpha and IL-6 levels and febrile 

transfusion reactions. Transfus 1993;33:195-199. 

103. Muylle L and Peetermans ME. Effect of prestorage leukocyte removal on the cytokine 

levels in stored platelet concentrates. Vox Sang 1994;66:14-17. 

104. Sundman EA, Cole BJ, and Fortier LA. Growth factor and catabolic cytokine 

concentrations are influenced by the cellular composition of platelet-rich plasma. Am J 

Sports Med 2011;39:2135-2140. 



42 

 

105. Castillo TN, Pouliot MA, Kim HJ, and Dragoo JL. Comparison of growth factor and 

platelet concentration from commercial platelet-rich plasma separation systems. Am J 

Sports Med 2011;39:266-271. 

106. Dohan DM, Choukroun J, Diss A, et al. Platelet-rich fibrin (PRF): A second-generation 

platelet concentrate. Part III: Leucocyte activation: A new feature for platelet 

concentrates? Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2006;101:e51-e55. 

107. Werther K, Christensen IJ, and Nielsen HJ. Determination of vascular endothelial growth 

factor (VEGF) in circulating blood: Significance of VEGF in various leucocytes and 

platelets. Scand J Clin Lab Invest 2002;62:343-350. 

108. Zimmermann R, Jakubietz R, Jakubietz M, et al. Different preparation methods to obtain 

platelet components as a source of growth factors for local application. Transfus 

2001;41:1217-1224. 

109. Moojen DJ, Everts PA, Schure RM, et al. Antimicrobial activity of platelet-leukocyte gel 

against Staphylococcus aureus. J Orthop Res 2008;26:404-410. 

110. Khalafi RS, Bradford DW, and Wilson MG. Topical application of autologous blood 

products during surgical closure following a coronary artery bypass graft. Eur J 

Cardiothorac Surg 2008;34:360-364. 

111. Everts PA, Devilee RJ, Brown Mahoney C, et al. Exogenous application of platelet-

leukocyte gel during open subacromial decompression contributes to improved patient 

outcome: A prospective randomized double-blind study. Eur Surg Res 2008;40:203-210. 

112. Mishra A, Collado H, and Fredericson M. Platelet-rich plasma compared with 

corticosteroid injection for chronic lateral elbow tendinosis. Am J Sports Med 

2009;1:366-370. 



43 

 

113. Marx RE, ed. Platelet concentrate: A strategy for accelerating and improving bone 

regeneration. Toronto, ON, Canada: Em Squared Inc., 2000: p 447-453. 

114. McShine RL, Sibinga S, and Brozovic B. Differences between the effects of EDTA and 

citrate anticoagulants on platelet count and mean platelet volume. Clin Lab Haematol 

1990;12:277-285. 

115. Woodell-May JE, Ridderman DN, Swift MJ, and Higgins J. Producing accurate platelet 

counts for platelet rich plasma: Validation of a hematology analyzer and preparation 

techniques for counting. J Craniofac Surg 2005;16:749-756. 

116. Clemmons RM, Bliss EL, Dorsey-Lee MR, Seachord CL, and Meyers KM. Platelet 

function, size and yield in whole blood and in platelet-rich plasma prepared using 

differing centrifugation force and time in domestic and food-producing animals. Thromb 

Haemost 1983;50:838-843. 

117. Laufer N, Grover NB, Ben-Sasson S, and Freund H. Effects of adenosine diphosphate, 

colchicine and temperature on size of human platelets. Thromb Haemost 1979;41:491-

497. 

118. Park Y, Schoene N, and Harris WS. Mean platelet volume as an indicator of platelet 

activation: Methodological issues. Faseb J 2002;16:A240-A240. 

119. Fijnheer R, Pietersz RN, de Korte D, and Roos D. Monitoring of platelet morphology 

during storage of platelet concentrates. Transfusion 1989;29:36-40. 

  



44 

 

Objectives and Hypothesis 

 

Objectives 

To evaluate the quality and bacteriologic safety of platelet-rich plasma (PRP) produced by three 

simple, inexpensive tube centrifugation methods and compare the results to those produced by a 

commercial system.   

 

Hypothesis 

At least one of the three tube methods would concentrate platelets within a clinically useful 

range with acceptable white blood cell concentration. 
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Abstract 

The purpose of this study was to evaluate the quality and bacteriologic safety of platelet-

rich plasma (PRP) produced by three simple, inexpensive tube centrifugation methods and 

compare the results to a commercial system.  Citrated equine blood collected from 26 normal 

horses was processed by four methods: blood collection tubes centrifuged at 1200 and 2000xg, 

50ml conical tube, and commercial system.  WBC, RBC, and platelet counts and mean platelet 

volume (MPV) were analyzed for whole blood and PRP, and aerobic and anaerobic cultures 

were performed.  Mean platelet concentrations ranged from 1.55 to 2.58 fold.  The conical 

method yielded the most samples with platelet concentrations greater than 2.5-fold and within 

the clinically acceptable range of >250,000 platelets/ l.  WBC counts were lowest using the 

commercial system and unacceptably high using the red top methods.  The conical tube method 
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may offer an economically feasible and comparatively safe therapeutic alternative to commercial 

PRP systems. 

 

Keywords: Horse, platelet-rich plasma, platelet concentrate  
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Introduction 

Platelet-rich plasma (PRP) is a blood product made by concentrating platelets in a small 

volume of plasma and is used extensively in human dentistry, orofacial surgery, and sports 

medicine for a wide variety of applications (1-3).  In equine practice, PRP has gained popularity 

for the treatment of wounds and tendon and ligament injuries (4-7).  The exact mechanism of 

action of PRP is unknown; however, the release of high concentrations of growth factors from 

platelet alpha granules as platelets degranulate is widely believed to play a critical role (8, 9).  

Alpha granules contain several growth factors known to have beneficial effects on tissue healing, 

including platelet-derived growth factor (PDGF), transforming growth factor β-1, vascular 

endothelial growth factor (VEGF), and insulin-like growth factor-I (4, 10, 11). 

In vitro and in vivo studies investigating the effects of PRP on healing collagenous tissues 

in horses are limited (4, 7, 12-14).  Treatment of equine distal limb wounds with PRP have 

shown variable results from improved healing through the promotion of cell differentiation and 

the formation of organized collagen (7, 12) to the stimulation of excessive granulation tissue and 

delayed wound healing (13).  Treatment of superficial digital flexor tendon explants with PRP 

showed enhanced tendon matrix gene expression (4).  In surgically-created superficial digital 

flexor tendon lesions, PRP resulted in higher strength at failure and improved collagen fiber 

organization and biochemical properties (6).  Two small clinical case series treated with PRP 

show promising results for treating tendon and ligament injuries (5, 15).  

  Use of PRP in equine practice is becoming increasingly popular.  A number of 

commercial systems are available that result in platelet products with a wide range of platelet and 

WBC concentrations.  There is limited information available regarding the optimal platelet and 

WBC content necessary to achieve a desired biologic effect and it may be that specific products 
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are better for certain applications (10, 16-18).  Both fold change in platelet numbers compared to 

whole blood and absolute platelet numbers are used for determining adequacy of platelet 

concentration  (9).  Fold change is most commonly used for describing a particular PRP product; 

however, it may be that absolute platelet number is a more valid point of comparison than simply 

the relative degree of concentration.   Without actually measuring growth factor levels in 

individual samples, platelet numbers are the best estimate of the growth factor levels expected 

within a tissue following platelet degranulation (19-21).    

There is no single definition of PRP in the human or veterinary literature and “PRP” 

products include wide ranges of platelet and WBC concentrations.  These ranges reflect the 

various separation methods and the lack of consensus on specific composition of the final 

product.  Obviously platelet numbers are the primary concern; however, optimal WBC 

concentrations in PRP is a topic of discussion (17, 18, 22).  The presence of WBCs in stored 

human platelet concentrates has been associated with posttransfusion complications such as 

febrile nonhemolytic transfusion reactions due to the accumulation of inflammatory cytokines 

(23, 24).  Prestorage leukocyte removal prevents increasing cytokine levels (25, 26).  How this 

information may apply to equine applications of PRP is not known; however, consideration must 

be given to avoiding excessive WBC concentrations in PRP for clinical applications.   

Platelet concentrations in PRP in the literature commonly range from a three to five fold 

increase over whole blood or a minimum concentration of 300,000 to 1,000,000 platelets/µl (8, 

27-29).  These values proposed for human PRP are not based, however,  on controlled studies 

but rather educated estimations from the limited data available in vitro and in vivo (9, 30).  More 

recently, some studies suggest that high platelet numbers are no better than moderate numbers or 

may actually have detrimental effects (31, 32).  Proposed minimum platelet numbers for equine 
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PRP have been extrapolated from the human literature rather than controlled studies either in 

vitro or in vivo in the horse.  Key species differences in average platelet counts and platelet 

physiology between humans and horses precludes an accurate extrapolation from the human 

literature (33, 34).  Equine platelet counts are amongst the lowest reported for mammals (33).  

The average platelet count for humans is 200,000/ l (9) compared to 142,000/ l for horses (33).  

Because of these species differences, there are no established cut-off values for platelet numbers 

in equine PRP, merely suggested values.   

The final platelet and WBC concentration in PRP is dependent on the method of 

preparation used and the original platelet number in whole blood.  Methods of PRP preparation 

include apheresis, fully automated systems, and centrifugation using either commercial systems 

or blood collection tubes (10, 35, 36).  Apheresis and automated methods are relatively closed 

systems that minimize operator error, have high repeatability, yield consistently high platelet 

concentrations, and have a low risk of contamination (4, 10, 18); however, they require 

expensive specialized equipment and disposables.  Commercial tube centrifugation systems 

provide a means of processing PRP with minimal manipulation and a relatively low risk of 

contamination; however, the equipment and disposables are also expensive and can achieve 

inconsistent platelet yields as a result of operator error (18).   

Techniques using blood collection tubes lack the need for special equipment and are 

inexpensive; however, removal of PRP manually is prone to greater operator error and greater 

potential for bacterial contamination because of the open nature of the final PRP harvest.  The 

potential for the introduction of environmental contaminants is of particular concern when 

working with a blood product.  Development of an inexpensive point-of-care alternative to 
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commercial systems capable of producing a product free of bacterial contamination would make 

PRP therapy more widely available to horse owners of all economic means.  

 The purpose of this study was to evaluate the quality and bacteriologic safety of platelet-

rich plasma (PRP) produced by three simple, inexpensive tube centrifugation methods and 

compare the results to those produced by a commercial system.  We hypothesized that one of the 

three tube methods would concentrate platelets within a clinically useful range with acceptable 

WBC concentration. 
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Materials and Methods 

Experimental animals – This project was approved and performed according to the guidelines 

of the Virginia Tech Institutional Animal Care and Use Committee.  Informed consent was 

obtained from the owner for each horse included in the study.  Twenty-six healthy horses without 

clinical signs of disease were used for the study (7 mares, 19 geldings; 2 – 12 years (mean 6.4 ± 

2.2 years)).  Breeds included Quarter Horse (2), American Paint Horse (4), Tennessee Walking 

Horse (5), Thoroughbred (5), Standardbred (1), and mixed breed (9).  Horses used for the study 

were owned by clients and staff of the Virginia-Maryland Regional College of Veterinary 

Medicine (VMRCVM). 

Blood collection and laboratory set-up – Blood was collected from either the left or right 

jugular vein.  The venipuncture site was prepared using standard aseptic technique.  Sterile 

technique was maintained throughout the collection process.  Blood (180 ml) was collected into 

three 60 ml syringes containing 8 ml of acid citrate dextrose-A anticoagulant each using an 18 

gauge 1.5 inch hypodermic needle and a sterile extension set.  Syringes were gently rocked 

during collection and transport to the lab to ensure proper mixing.  Platelet-rich plasma was 

processed using four different techniques: two blood tube centrifugation methods, a conical tube 

method, and a commercial method (GenesisCS, Vet-Stem, Inc., Poway, CA, USA).  Samples 

were processed using sterile technique on a laboratory bench top cleaned with 70% ethanol.  

Prior to harvest of PRP using the various techniques described, the cap of the blood collection 

tube was disinfected with alcohol, allowed to dry and removed.  Centrifuges were calibrated 

prior to starting the study.  Prior to aliquotting blood for sample processing, a 3ml sample of 

whole blood was saved for complete blood count and culture.   
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Blood tube centrifugation methods for processing PRP – The protocols utilized for the blood 

tube centrifugation method were selected based on the available equine literature and preliminary 

studies using this method.  For each of the blood tube centrifugation methods, three glass blood 

tubes (red top, BD Vacutainer
 
Serum Tubes, Franklin Lakes, NJ, USA) were filled with 10ml of 

blood each.  The amount of blood in each tube was standardized by weight.  The tubes were 

centrifuged in a table top centrifuge (Model CR4-22 Juan, Inc., Winchester, VA, USA) for 3 

minutes at either 1200 x g (red top 1200g) or 2000 x g (red top 2000g) depending on method.  

The platelet poor plasma (PPP) was removed from the top of the tube using a sterile 14 gauge 

pipetting needle (blunt end pipetting needle, Poppers and Sons, Inc., New Hyde Park, NY, USA)
 

and a 6ml syringe, leaving a standardized 1 ml volume of PRP. The remaining plasma, buffy 

coat, and top 1mm of the packed RBCs was collected for a total of 1ml of PRP from each tube.  

Platelet-rich plasma samples from the three tubes were pooled, yielding a total of 3ml of PRP for 

each tube centrifugation method. 

Conical tube method for processing PRP – Thirty milliliters of blood was aliquotted into a 

sterile, skirted, polypropylene, 50ml conical centrifuge tube (Corning Life Sciences, Lowell, 

MA).  The tubes were centrifuged for 15 minutes at 720 x g (conical 720g).  The PPP was 

removed using a sterile 14 gauge pipetting needle (as described above) and a 20ml syringe, 

leaving a standardized 3 ml volume of PRP.  The remaining plasma, buffy coat, and top 1mm of 

the packed RBCs were collected for a total of 3ml of PRP. 

Commercial method for processing PRP – The sterile disposable (GenesisCS) was filled with 

30ml of blood and centrifuged for 15 minutes at 720 x g (Genesis 720g) in a specialized 

centrifuge (Hermle Z300, Labnet, Woodridge, NJ, USA) designed to accommodate the 

disposable and according to manufacturer’s instructions.  A three-way stopcock with attached 
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20ml and 6ml syringes was connected to the access port on the disposable.  A line drawn 3mm 

above the packed RBCs was used to standardize the amount of PPP removed.  The 20ml syringe 

was used to aspirate the PPP until the aspiration disc reached the line drawn on the tube, the 

stopcock was turned, and the remaining plasma, buffy coat, and top 1mm of the packed RBCs 

was collected for a total of 3ml of PRP. 

Sample Analysis – Whole blood and PRP samples for all horses were submitted to the 

VMRCVM Clinical Pathology Laboratory for automated quantification of platelet, white blood 

cell (WBC) and RBC counts, and mean platelet volume (MPV) (Advia 2120 Hematology 

Analyzer, Siemens Healthcare Diagnostics Inc., Tarrytown, NY, USA).  All samples were placed 

on a rocker for 10 minutes prior to analysis to ensure adequate mixing. 

Bacteriologic culture of PRP samples – Samples of whole blood and PRP from each horse 

were reserved for aerobic and anaerobic culture.  A 250µl aliquot of each sample was transferred 

to a 5% sheep blood agar plate and a pre-reduced anaerobic plate (Anaerobe Systems, Morgan 

Hill, CA, USA).  All plates were incubated at 37˚C; blood agar plates were maintained in an 

atmosphere of 7% CO2.  Cultures were checked daily for growth and reported as negative if there 

was no visible growth by day 7.  Positive cultures were submitted to the VMRCVM 

Microbiology Laboratory for identification. 

Statistical Analysis – Based on the lack of a consensus in the literature regarding validity of 

using either fold change (concentration compared to whole blood) or absolute numbers, data for 

platelets and WBCs were analyzed by two different statistical methods.  Normal probability plots 

were generated to verify that MPV and fold change for RBC, WBC, and platelets, and the ratio 

of fold changes for WBC and platelets (WBC:Platelet) followed an approximately normal 

distribution.  The effect of method on these outcomes (MPV and fold change for RBC, WBC, 
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and platelets, and WBC:Platelet) was then assessed using mixed model ANOVA followed by 

Tukey’s procedure for multiple comparisons (Proc MIXED, SAS version 9.2, SAS Institute, Inc., 

Cary, NC, USA).  The linear model specified method as a fixed effect, horse as a random effect 

and Kenward-Roger denominator degrees of freedom.  For each model, residual plots were 

inspected to verify model adequacy (i.e., that the errors followed a normal distribution with 

constant variance).   

Estimates of what might be considered clinically useful products were extrapolated from 

the available literature (6, 8, 27-31, 33, 37).  In the human and equine literature, optimal numbers 

of platelets and WBCs are at best speculative and based on limited data.  Most products 

produced by point of care devices used commonly in equine and human practice are leukocyte 

rich and were therefore deemed a relevant comparison for this study (6, 38-41).  Absolute 

numbers of platelets and WBC were categorized as either clinically “acceptable” or 

“unacceptable” using a clinically relevant cutoff.  The cutoff point for clinically acceptable 

platelet and WBC values were > 250,000 platelets/ l and < 30,000 WBC/ l.  Subsequently, the 

number of “acceptable” samples (separately for platelets or WBCs) was compared between the 

methods using binary logistic generalized estimating equations (GEE) (Proc GENMOD, SAS 

version 9.2, SAS Institute, Inc., Cary, NC, USA).  The model specified sample classification 

(“acceptable” vs. “unacceptable”) as outcome, method as a predictor, logit as the link function, 

binomial as the distribution, and horse as a blocking factor (with an independent working 

correlation matrix).  P-values were based on type 3 Wald statistics.  Statistical significance for 

all analyses was set at P < 0.05. 
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Results 

Mean platelet fold change was greatest for the conical method (2.58x); however, this 

difference only reached statistical significance in comparison to 1200g (P<0.0001; figure 1).  

Mean WBC fold change for the Genesis method was significantly lower than the other 3 

methods (P<0.0001; figure 1).  Mean WBC fold change for the conical method was significantly 

lower than the means of either red top 1200g or 2000g.  Mean WBC:Platelet ratios were 

significantly different between each of the groups (P<0.0001; figure 2).  Red top 1200g and 

2000g were significantly greater than either conical or Genesis methods and the conical method 

was significantly greater than Genesis.  

Mean total platelet counts were significantly different between groups (P<0.0001; figure 

3).  Platelet counts for red top 1200g were significantly less than red top 2000g and conical 720g.  

Because the mean platelet count for a group may not accurately represent the number of samples 

containing platelets at clinically relevant concentrations (> 250,000/ l), the frequency of samples 

considered “acceptable” versus “unacceptable” was analyzed and compared in pairwise fashion 

to determine an Odds Ratio (OR) (Table 1).  Odds Ratios for all pairwise comparisons are 

reported; however, only that comparing the conical and Genesis methods is considered clinically 

relevant because of the unacceptably high WBC numbers in the two red top tube methods.  The 

conical method resulted in a significantly greater number of “acceptable” samples (92.3%) 

compared to the Genesis method (69.2%) when considering platelet number alone (OR=3.67, 

P=0.04).  

White blood cell counts for red top 1200g and 2000g were significantly greater than for 

either conical or Genesis methods and the conical method was significantly greater than Genesis.  

The Genesis system had more samples with WBC within the “acceptable” range (96.1%) than 
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the other three methods and the conical method had significantly more WBC within the 

“acceptable” range (69.2%) than red top 1200g or 2000g (26.9% each) based on the GEE 

analysis (P<0.0001; Table 1). 

Mean MPV for the red top tube methods was not significantly different from whole 

blood, and mean MPV for the conical and Genesis methods were significantly lower than whole 

blood (Table 2; P=0.0001).  Mean RBC fold change for Genesis was significantly lower than the 

other 3 groups (Table 2; P<0.0001).  There was no bacterial growth on any plates up to day 6.  A 

single small colony was present on 6/280 samples (2.1%) on day 7: Whole blood, red top 1200g, 

and Genesis (2 each).  Isolated organisms included Kocuria rosea (3), Micrococcus species (2), 

and Propionibacterium sp (1). 
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Figure 2.1  Fold change of white blood cells (WBC) and platelets for four methods of 

preparing platelet-rich plasma.  Mean ± SD. Superscript letters indicate significant differences 

between groups. 
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Figure 2.2  White blood cell (WBC):Platelet ratio for four methods of preparing platelet-

rich plasma.   Mean ± SD.  Superscript letters indicate significant differences between groups.  
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Figure 2.3  Number of total samples for each of four methods of preparing platelet-rich 

plasma achieving relevant ranges for platelet concentration and associated Gaussian curves 

demonstrating distribution of samples. Superscript letters indicate significant differences 

between groups. Small boxes: Mean platelet count ± SD (x 10
3
/ l) 
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Table 2.1  Odds ratios (OR) and 95% confidence intervals for platelet and white blood cell 

numbers based on pairwise comparisons between groups.  An OR greater than 1.00 indicates 

that the first member of the pair has a greater number of “acceptable” samples.  An OR less than 

1.00 indicates that the second member of the pair has a greater number of “acceptable” samples. 

Pairwise 

Comparison 

Platelet Numbers WBC Numbers 

Odds Ratio 

(95% CI) P value 

Odds Ratio  

(95% CI) P value 

Red Top 1200g vs. 

Genesis 720g 

0.27 

(0.08–0.93) 0.04 

0.003 

(0.001–0.014) <0.001 

Red Top 2000g vs. 

Genesis 720g 

2.44 

(0.89–6.69) 0.08 

0.003 

(0.001–0.011) <0.001 

Conical 720g vs. 

Genesis 720g 

3.67 

(1.07–12.63) 0.04 

0.049 

(0.013–0.189) <0.001 

Red Top 2000g vs. 

Red Top 1200g 

8.88 

(3.49–22.60) <0.001 

0.85 

(0.50–1.47) 0.57 

Conical 720g vs. 

Red Top 1200g 

13.37 

(4.42–40.43) <0.001 

15.13 

(3.41–67.01) 0.001 

Conical 720g vs. 

Red Top 2000g 

1.50 

(0.60–3.78) 0.38 

17.70 

(3.83–81.75) 0.001 
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Table 2.2  Mean platelet volume (MPV) and red blood cell (RBC) fold change for whole 

blood and four methods of preparing platelet-rich plasma  Mean ± SD.  Superscript letters 

indicate significant differences between groups.  

Preparation Method MPV (fL) RBC Fold Change 

Whole Blood 9.63 ± 1.29
a
 N/A 

Red Top 1200g 9.20 ± 1.05
ab

 0.79 ± 0.23
a
 

Red Top 2000g 9.11 ± 1.29
ab

 0.84 ± 0.19
a
 

Conical 720g 8.33 ± 1.38
c
 1.06 ± 0.31

b
 

Genesis 720g 8.56 ± 0.98
bc

 0.63 ± 0.27
c
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Discussion 

 Three methods of concentrating platelets by tube centrifugation were evaluated and 

compared to a commercial system.  The goal was to identify a simple, inexpensive means of 

producing bacteria-free PRP for clinical applications in the horse that would make this 

regenerative medicine therapy more widely available.  We specifically chose only protocols 

involving a single centrifugation rather than double centrifugation protocol to minimize the 

potential for bacterial contamination and to keep the processing as simple as possible for 

application in clinical practice.  The two methods investigated utilizing blood collection tubes 

were capable of marginal platelet concentration but were deemed clinically unacceptable due to 

excessive concentration of WBCs.  The conical tube method demonstrated adequate ability to 

concentrate platelets without undue WBC concentration and may be a suitable alternative to 

commercial systems for selected equine applications. 

 Despite increasing numbers of PRP studies in the veterinary literature, equine-specific 

parameters for platelet and WBC counts for clinical applications of PRP are lacking.  Although 

fold change is commonly used to evaluate the quality of platelet concentrates, absolute numbers 

of platelets may provide a more accurate standard of quality.  Statistical analyses performed in 

this study yielded comparable results for both fold change and raw platelet numbers as a means 

of comparison.  Target values for platelet concentrations in PRP described in the equine 

literature are extrapolated from the human literature and do not take into account potentially 

important species differences in platelet counts or physiology such as mechanism of 

degranulation or growth factor contents per platelet (33, 34).  Neither human nor equine values 

suggested in the literature have a basis in controlled scientific studies and are instead inferred 

from in vitro studies (28, 30), suggesting that further work be done to identify optimal doses of 
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platelets for specific applications.  Studies involving in vivo use of PRP in horses are limited and 

reported platelet numbers are highly variable (5-7, 13). Additional equine-specific research is 

needed to define the minimum platelet concentration necessary to achieve beneficial biologic 

effects.   

 Recent studies in pigs and humans suggest that lower platelet concentrations may be 

equally or more effective than higher concentrations and that high platelet concentrations may 

even have detrimental effects (31, 32).  There was no significant difference in the mechanical 

properties in a porcine model of anterior cruciate ligament repair between 3x and 5x platelet 

concentration (32).  Human osteoblasts and fibroblasts demonstrated maximal cell proliferation 

at 2.5x platelet concentration compared to 3.5x and 4.2-5.5x (31).  The mean platelet 

concentrations achieved using the conical method was within the range of those described in 

these studies and another equine study (4). 

The importance of low WBC numbers in autologous platelet concentrates is 

controversial; the use of leukocyte reduced PRP (<3,000 WBC/μl) has been suggested for use in 

specific applications (16-18, 21, 37).  White blood cells were positively correlated with 

expression of catabolic cytokines and negatively correlated with matrix gene expression in 

human PRP products (19) and in equine tendon and ligament explants treated with PRP (21).  

Although this in vitro work is compelling, the clinical relevance is unknown because of the lack 

of direct clinical comparison between leukocyte rich and leukocyte depleted products in vivo 

(18).   

 White blood cells do play a beneficial role in enhancing tissue repair as a result of their 

immunomodulatory and antimicrobial effects.  Myeloperoxidase contained within neutrophils 

and monocytes contributes to the antimicrobial activity of PRP (42-45).  Leukocyte rich PRP 
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reduced wound drainage when applied following coronary artery bypass surgery (40) and has 

shown beneficial effects in human and equine studies, including application during open 

subacromial decompression (39), chronic elbow tendinosis (41), and delayed bone union (38) in 

human patients and mechanically-induced tendon lesions in horses (6).  Human patients reported 

diminished pain and inflammation at the treated sites (39, 41).  In addition, leukocytes release 

VEGF and PDGF themselves and stimulate platelets to release growth factors, enhancing the 

growth factor concentration over leukocyte reduced PRP (17, 20, 46).   

 MPV is a measure of average platelet size in a sample and has been shown to increase as 

platelets become activated and change from a discoid to spherical shape (47).  Platelet activation 

may be undesirable for applications where slow release of growth factors from gradual platelet 

degranulation is considered beneficial.  A PRP sample with an MPV similar to whole blood 

implies that processing did not cause platelet activation.  MPV in our PRP samples was not 

significantly higher than those from whole blood for any of the processing methods, suggesting 

lack of platelet activation.   

            Despite using clean, but not strictly aseptic techniques (i.e. processing the samples in a 

laminar flow hood), only 2.1% of samples were positive for bacterial growth.  Those that were 

positive were identified as species that were most likely environmental contaminants associated 

with the culture process itself.  The ability to process PRP samples without contamination is 

critical due to the inability to filter sterilize the end product prior to injection.  Use of a laminar 

flow hood for processing may be ideal; however, in most practice situations this may not be a 

realistic option.  Based on our results, the methods described in this study appear to be adequate, 

when strictly adhered to, to produce a clinically safe product free from bacterial contamination.  

These results are consistent with previous reports (48).  
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            The repeatability of a technique should be considered when selecting a method for 

clinical applications.  Evaluation of platelet and WBC counts in whole blood and platelet 

concentrates should be performed on each sample to more accurately detail the quality of the 

product used, regardless of the method of concentration.  The conical tube method described in 

this study achieved the highest number of samples with platelet numbers exceeding 250,000/ l 

and platelet fold change greater than 2.5.  Recent studies suggest that these values, although 

lower than what some authors propose as the therapeutic range, may be clinically relevant (31, 

32).  The WBC numbers achieved using this method may also be within a clinically acceptable 

range based on available information (6, 38).  The supplies needed for the conical tube method 

cost less than $20 US dollars per sample and are readily available, including the centrifuge.  

Based on the results of this study, the conical tube method of PRP processing is bacteriologically 

safe when performed under controlled aseptic conditions and may be a suitable clinical 

alternative to commercial systems in low budget cases.   
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Final Comments 

 

This thesis explores numerous aspects of processing PRP from whole blood and evaluating 

the quality of the final product.  The intent was to identify a simple, inexpensive method of 

processing PRP that would be comparable to more expensive commercial methods.  One of the 

simplified methods in this study resulted in a PRP product comparable to the one produced by 

the commercial system in this study.  All methods, including the commercial system, resulted in 

highly variable platelet and WBC concentration, even when multiple samples were processed 

from the same blood sample.  This variability is likely an inherent feature of manual PRP 

processing and should be considered when choosing a processing protocol.  Further investigation 

is needed identify protocols that reliably produce a more uniform PRP product, and quality 

assessment should be performed on platelet concentrates that are used clinically. 

All four centrifugation protocols used in this study produced PRP with a WBC 

concentration higher than that of whole blood, and the degree of WBC concentration varied 

among methods.  As discussed previously, the clinical implication of high WBC numbers in PRP 

is unclear.  Evaluation of additional centrifugation protocols and different types of centrifuge 

tubes might allow further manipulation of this variable. 

The clinical use of PRP is widespread, but many research questions remain concerning the 

use of this promising regenerative therapy.  This study highlights important technical 

considerations when processing and evaluating PRP; however, further studies are required to 

further characterize the PRP products outlined in this investigation.  More targeted investigations 

are needed to compare the growth factor content, degree of platelet activation, in vitro effects, 

and clinical efficacy of the PRP products produced by these protocols.   
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