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Abstract- The literature currently describes many various methods of creating Platelet-Rich- Plasma (PRP); however, according to 

Robert Marx’s widely accepted definition a platelet rich solution is three times (3x) greater in platelet concentration compared to 

the same volume of whole blood with a double centrifugation process is PRP. In this experiment the creation of PRP was optimized 

using two previously published PRP protocols from Messora et. al. (2011). Furthermore, the literature minimally describes the 

possibility of activating cytokine and vesicular release from PRP using collagen scaffolds for full thickness wound repair. To date, 

there are publications that discuss the collagen scaffold and PRP combination therapy use in connective tissues repair, but this 

leaves out epithelial tissue repair where PRP could also assist in the healing response. Here the creation of an electrospun 

collagen scaffold is created and used to activate the optimized PRP on-demand. PRP levels were validated through manual cell 

counting methods and flow cytometry. Once quantitative assessment of the PRP was completed, activation of the PRP took place. 

This activation process was validated throughlight-microscopy (LM) and scanning-electron-microscopy(SEM). 

Keywords:Platelet-Rich- Plasma, light-microscopy, scanning-electron-microscopy 

 

Introduction 

Platelet rich solutions also called platelet releaseate have 

been clinical available and utilized since the late 1970 and early 

1980’s (Ferrari, 1987). The literature and clinical utility of these 

solutions has endured much controversy regarding the creation 

of PRP. Currently there are single centrifugation techniques, 

double centrifugation techniques and various speeds at which 

PRP is being created none of which are standardized (Delong et 

al, 2012). Some of these methods can be detrimental to the 

creation process of the PRP. For instance, if a PRP solution is 

being created and spun at a speed above 1,000 times gravity it 

then sheers the platelets causing vesicular release into the 

centrifugation tube, which may begin the cytokine degradation 

process during the creation rather than the implementation of 

the PRP (Bausset, 2012). Here an optimal Platelet-Rich solution 

called Platelet-Rich-Plasma (PRP) was discussed, created and 

qualitatively and quantitatively assessed using the modified 

methods of two researchers Nagata et al. (2009) and Messora et. 

al. (2011). Assessment of the PRP came from manual counting 

methods and automated counting using flow cytometry to 

ensure proper platelet concentrations were achieved, thus 

adhering to the Marx definition of PRP. The optimized PRP was 

then activated using electrospun collagen scaffolds. Activation 

was determined through morphological and molecular 

characteristics using light microscopy and scanning electron 

microscopy (SEM) along with enzyme linked immunosorbant 

assay (ELISA) testing. The literature and the knowledge of the 

coagulation pathway allows one to appreciate how collagen 

scaffolds, at the molecular level, can facilitate 

activationofthePRP.Thisactivated PRP can then beappliedto in 
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vitro and in-vivoassays to evaluate its effect on wound healing, 

as described in the current and subsequent chapters. 

Research Aim 

To create an optimized PRP solution and activate the PRP 

with a collagen scaffold. 

Research Hypothesis  

If an optimized PRP solution is created and combined with 

an electrospun collagen scaffold then it will cause platelet 

activation and subsequent vesicular release. 

Materials and Methods for Platelet-Rich-Plasma 

The purpose of this study was to create PRP from whole 

blood; building and modifying on current procedures found in 

existing scientific literature. The PRP was prepared from acid 

citrate dextrose (ACD) anti-coagulated whole porcine whole 

blood with a ratio of 15:85 ACD to whole blood. ACD was 

determined to be the ideal anticoagulated based on literature 

findings (Lei, et. Al., 2009) and individual PRP creation 

experiments performed during this initial aim. The table below 

demonstrates the different types of blood evaluated and the 

number of trials and anticoagulants used during the initial 

creationtrials. 

Table 1: The highlighted region denotes the ideal 

anticoagulant needed for PRP creation. This was based on 

literature support and experimental trials performed during this 

initial research 

 

Upon the completion of the anticoagulated studies, porcine-

pathogen-free, ACD- Blood was obtained from Lampire 

Biological Laboratories. The PRP was made using a double 

centrifugation technique altered from Nagata et al. (2009) and 

Messora et. al. (2011). Ice packed whole blood arrived in sterile 

intravenous bags (I.V.) (figure 1) and was immediately placed 

in a refrigerator set to 3°C. All blood samples were sent with 

microbial free content reports, demonstrated in figure  2. 

 

Figure 1: ACD blood arrival inIVbag  

An initial 2µL whole blood smear was performed to observe the 

morphological quality of the whole blood. Once the whole 

blood smear was performed, the smeared glass slide was stained 

using a method derived from Rowley Biochemical Inc. ―Wright 

Stain Method‖ and observed under a Leica light microscope. 

The slide was submerged in Wrights stain for 1 minute then 

transferred to a pH 7 phosphate buffer solution for 2 minutes 

then placed under a Leica light microscope for morphological-

qualitative viewing. If the platelets were not viewed in an 

activated state or aggregating the blood was deemed acceptable 

to use for the PRP creation.Forty (40) mL of ACD-whole blood 

was transferred from the IV bag/collection tubes and placed into 

the sixteen tubes respectively. The tubes were placed in a 

precooled Thermoscientific ST16R centrifuge set to 4°C at 

200x G and an acceleration anddeceleration of 5x G for 20 

minutes to separate the plasma layer, white blood cells/platelet 

layer (buffy coat) and erythrocyte layer (figure 2). 

 

Figure 2: Results after first centrifuge 

Once the first spin was complete, the buffy coat and a small 

portion of both erythrocytes and plasma were transferred to a 
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15mL BD. The tubes were placed back into the same 

Thermoscientific ST16R precooled centrifuge set at 4°C for a 

second spin at 400x G and an acceleration and deceleration of 

5x G for 15 minutes to separate once more (figure 3). 

 

Figure 3: Separation after 400xG centrifugation, the arrow 

is identifying the PRP zone After the second centrifugation was 

performed and the layers were welldifferentiated, approximately 

2µL of the platelet-rich plasma were extracted from thebuffy 

coat using a P10 Gilson pipetteman. The 2µL drop of PRP was 

placed on a glass slide, smeared and stained using Rowleys 

method then analyzed under a Leica light microscope (Figure 

4). This creation process was standardized for all PRP samples 

throughout the various aims of the project. A complete 

standard-operating-procedure (SOP) of PRP can be found in the 

appendix of this dissertation. 

 

Figure 4: Slide image (100x, wrights stain) of porcine PRP 

under light microscope 

Materials and Methods for Manual Counting Methods 

Whole blood and PRP platelet quantification was performed via 

manual counting methods using a method altered from Tasker et 

al. (1999) & (2001). Blood smears were performed and stained, 

as previously described, for both whole blood and PRP. There 

were 20 slides of each group created, yielding a total of 40 

slides (n= 20 whole blood and n= 20 PRP). To reduce 

investigator bias, one blinded researcher was selected and 

trained to view blood smears under light microscopy for 

approximately two weeks. Once trained, the same individual 

then collected ten randomized monolayer images using a Leica 

DM750 with a mounted Leica ICC50 HD camera for each slide 

(a total of 400 images) ata magnification of 100x oil immersion. 

The images were taken in the upper portion of the monolayer 

(figure 5). 

 

Figure 5: Various zones of a blood smear. Image adapted from 

Faheem (2014) All platelets within the 100x oil immersion field 

were manually counted and theplatelet count from each of the 

10 images (for the selected slide) was averaged. Figure 6 and 7 

below depict an example of counted images of whole blood and 

PRP,respectfully. 

 

Figure 6: A counted ACD- porcine whole blood smear 

(100x wright stain).The red hash lines denote the counting of 

the platelets. 

 

Figure 7: A counted ACD-porcine PRP smear (100x wright 

stain). 
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A students T-test with an alpha level of 0.05 was performed 

between the whole blood and PRP manual counted samples. 

Materials and Methods for Flow Cytometry 

 

Following manual counting methods the PRP was further 

validated against whole blood using flow cytometry. A BD 

Accuri C6 flow cytometer was used to compare the PRP and 

whole blood sample. The samples of PRP were created using 

the methods previously described. Varying PRP and whole 

blood aliquot volumes were combined with 1x Phosphate 

Buffer Solution (PBS) until the volume of sample reached 1 ml, 

the volumes are outlined below in table 1. The samples were 

then analyzed via the flow cytometer with the threshold set at 

10,000 (events given for one trial) by recommendations of BD 

Accuri C6 software users guide and the gates were manually 

created per BD Accuri guidelines and the publication by 

Masters and Harrison (2013). The image below demonstrates 

the actual set location of thegates. 

 

Figure 8: P1 and P2 denote the set gates for all flow 

samples ran. These were determined by the literature (Masters 

and Harrison, 2013). The gates (P1 and P2) are based on the 

size of the events (sample that passes through the laser). The 

FSC and SSC are referring to the forward and side scattering 

lasers. 

A students T-test with an alpha level of 0.05 was performed 

between the whole blood and PRP flow cytometry samples. 

Background on Flow Cytometry 

Cellular counting is an important research and clinical tool 

that aids in prognosis, research findings and clinical diagnosis. 

Prior to automated diagnostic methods laboratories would 

routinely perform manual methods. This process employed a 

trained technician who would understand the cell(s) he or she 

would be identifying and subsequently counting. Although this 

is a method that is still used today, it is costly, time intensive 

and variable depending on the technician performing the 

assignment (Usaj et al, 2011). These reasons have led to the 

development of automated cell counting systems including flow 

cytometry. 

Flow cytometry uses laser optics to determine the size and 

quantity of various cells. Once the sample is loaded into the 

flow cytometer the fluidics system transports the sample in a 

fluid stream to the laser to be analyzed. As the sample nears the 

laser, the nozzle tip forces the particles to individually pass 

through the laser in a process called hydrodynamic focusing 

(Rahman et al., 2010). The passing of the particle or cell 

through the laser causes the light to scatter in both a forward 

scatter and side scatter. The forward scattering light, typically 

light scattered at less than 20
o
, is proportional to the cell size, 

thus allow for determination of different cell type, i.e. 

leukocytes, erythrocytes, and platelets (Rahman et al., 2010). 

The side scattering, light scattering at approximately 90
o
, is 

proportional to the cell’s internal complexity or granularity, 

allowing for determination of cells that may have the same size, 

such as the varying types of leukocytes (Tasker et al., 2001) 

(Rahman et al., 2010). 

The light scattering is detected by photodetectors that 

generate a small current when contacted by a photon. The 

related voltage has an amplitude that is proportional to the 

number of photons sensed by the photodetectors. This voltage is 

then amplified andconverted into signals that are large enough 

to be plotted and counted (Rahman et al., 2010). 

Results  

The purpose of the quantification of the PRP against whole 

blood was to determine if PRP was actually being created 

according to the Marx definition. The grape demonstrate the 

manual count averages of each whole blood and PRP glass slide 

smears 

The graph below shows the average whole blood platelet 

count compared to PRP count. 
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Figure 9: Manual platelet counts between whole blood smears 

and PRP smears The manual platelet count of the PRP was 

significantly (p<0.01) higher and morethan three times that of 

the whole blood, which adhered to the definition set forth by 

Marx (Marx, 2001). To verify the manual counting methods, an 

automated flow cytometry method was utilized. Below is a 

graphical representation of the flow data. Similar to the manual 

methods the PRP samples were significantly higher and 

muchmore than three times greater (12 times) than that of the 

whole blood counts. Thisfurthervalidates that PRP is being 

created according to Marx’s definition and that the manual 

methods were validated. 

 

Figure 10: Platelet counts of whole blood and PRP based on 

dilutions. 

a variety of in-vitro assays including platelet activation 

using collagen scaffolds. These scaffolds combined with 

activated PRP will allow for a novel treatment modality in full- 

thickness dermal wounds. The next section discusses the 

creation of collagen scaffolds and how they activate the 

optimally created PRP. 

Background on Collagen and Electrospun Collagen 

Scaffolds 

Collagen is the most abundant protein found in the human body. 

It is used for structural support and connection of tissues (Bailey 

et al., 1979) (Di Lullo et al. 2002). To date there are many 

isoforms of collagen. One location where collagen is found in 

high quantities is the integument. Studies have determined that 

the integument is primarily comprised of type I and type III 

collagen fibers making up approximately 80% of dry skin 

weight (Smith, 1986) (Brett, 2008). The synthesis of collagen 

begins with a multigene transcription process, specifically 34 

genes are involved in collagen formation primarily belonging to 

the COL gene family (U.S. National Library of Medicine, 

2015). Following the initial step of mRNA transcription a 

procollagen molecule is formed using vitamin C as a cofactor 

(Nusgens et al., 2001). Once the post-translational modification 

using vitamin C is complete, one final step is needed to create a 

fully functional strand, this includes the golgi apparatus adding 

oligosaccharides to the procollagen (Tasab, 2000). This process 

then allows the procollagen to be packaged and ready for 

vesicular transport out of the cell. Extracellular-membrane-

collagen-peptidases cleave portions of the procollagen off thus 

creating a tropocollagen. Lysyl oxidases then crosslinks 

hydroxylysine and lysine residues forming the collagen fiber(s) 

(Siegal et al.,1970). 

In addition to being an important structural protein, collagen 

plays a large rolein many other cellular functions seen during a 

traumatic wound event. Theseprocessesinclude differentiation, 

aiding in protein synthesis, fibroblast and keratinocyte cellular 

migration and chemotaxis/migration to the wound bed, aiding in 

the healing event (Montesano et al., 1983) (Madri & Marx, 

1992) (Albini & Adelmann-Grill, 1985). Both researchers and 

clinicians have capitalized on this knowledge and begun to 

create and use collagen dressings on wound beds (Babu, 2000) 

(Brett, 2008). These collagen dressings have been demonstrated 

to expedite the wound healing event (Brett, 2008).  

In the current study a Type I bovine collagen scaffold was 

electrospun and used as an activator of the PRP. The basis for 

this activation process is a result of the known and established 

biological interaction of collagen and the platelets during the 

coagulation process (Baumgartner, 1977). During this activation 

process, two platelet surface protein receptors interact with the 

collagen. Intergrin α2β1 allows for the platelet to adhere to the 

collagen and glycoprotein VI is able to recognize the quaternary 

structure of collagen (Kehral et al., 1998). This adhesion and 

recognition allows for vesicular release from the activated 
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platelets, which aids in the inflammatory event and the initial 

stages of wound healing. The combination of PRP and the 

collagen scaffolds allow for a decrease in wound healing time as 

a result of collagen presence and an increase in growth 

factors/cytokines from the PRP granule release. The presence of 

the collagen allows forthe extracellular matrix to be recreated 

and therefore helps to facilitate cellular adhesion. The increase 

in growth factor and cytokines recruits the needed cells 

including fibroblasts and phagocytic cells for the wound healing 

event. These cells aid in remodeling the ECM and assisting in 

clearing the wounded tissue of pathogenic agents. 

Materials and Methods for Electrospun Collagen 

Scaffolds 

In order to create electrospun collagen scaffolds, lyophilized 

collagen was solubilized in 1,1,1,3,3,3,-hexafluoro-2-propanol 

(HFIP) to create a 7.5% collagen solution. The solution was 

gradually heated to 40
o
C in order to completely dissolve the 

collagen. The 7.5% collagen solution was collected in a syringe 

and the syringe was loaded into a pump. The nozzle of the 

electro-spinner was set 12cm from the target. The pump was set 

to a flow rate of 1ml/hr. The electro-spinner was subsequently 

charged to 25kV and then allowed to spin for 1 hour. Upon 

completion, forceps were utilized to separate the scaffold from 

the target. The collagen scaffold was crosslinked and sterilized 

for 1 hour on each side using UV light. 

Materials and Methods for SEM 

The following various blood products were imaged using 

scanning electron microscopy (SEM) to demonstrate inactive 

and active states; whole blood, platelet-rich- plasma (PRP) and 

PRP with an Advanced BioMatrix aqueous Type I PureCol 

bovine collagen (PRP-c) created scaffold. 

Initially the three various blood products were created using the 

standard PRP research protocol. Following the creation or 

gathering of the products 1 µl of each product was pipetted onto 

a glass slide cover slip; this was performed 4 times to all 

multiples of each blood product (n= 4 whole blood smear, n=4 

PRP smears, and n=4PRP-c smears). All glass slides were 

allowed to air-dry then each smear was placed in 2.5% 

gluteraldehyde solutions overnight at 4ºC. Once gluteraldehyde 

fixation was complete, each smear was washed 3 times with a 

1% PBS solution for 10 minutes. A secondary fixation was then 

completed using a 1% (Osmium Oxide) OsO4 solution for 1 

hour. Following 1 hour, each slide was rinsed with Millipore 

water 3 times for 10 minutes each rinse. Following the rinsing, 

the various slides went through a dehydration procedure.  

(Hexamethyldisilazane) HmDS and 100% ETOH solution 

for 15 minutes followed up by a 2 100% HmDS. They were 

then allowed to dry for 15 minutes. The various glass smears 

were then mounted to SEM studs using carbon mounting 

stickers. Once the smears were mounted they were ready for 

gold sputter coating preparation. The samples were initially 

placed on the pedestal. Then the Pyrex cylinder was placed in 

center of the base plate. Next, the sputterhead was placed down 

on Pyrex cylinder. The Denton Vacuum Desk II Cold Sputter 

Etch Unit was then turned on and pressure reached 100 

millitorr. The argon gas was then turned on until the pressure 

reached 500 millitorr. Thegas flow was then decreased until the 

pressure reached 50-100 millitorr (this was completed twice to 

flush the system). Once the system had been flushed the gas 

flow was adjusted so the pressure was stabilized between 70 and 

100 millitorr. The sputter coat time of 30 seconds was then 

entered in the Denton unit and the sputter coat process started. 

The current was held relatively consistent at 45 milliamps. After 

the 30 seconds, the machine stopped automatically and the 

machine was turned off. A two minute wait period applied so 

that inhalation of the argon did not occur. 

Results  

This supports the idea that the PRP can be activated on demand, 

through the use of electrospun scaffolds, and is thus appropriate 

for pre-clinical and potential future clinical use. 
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Conclusion 

 

Based on the findings above, it was determined that the research 

hypothesis, If an optimized PRP solution is created and 

combined with an electrospun collagen scaffold then it will 

cause platelet activation and subsequent vesicular release was 

supported. This was demonstrated through a variety of in-vitro 

tests and assays including manual counting methods, automated 

counting methods (flow cytometry), ELISA activation assay, 

imaging techniques: SEM and light microscopy. The support of 

this hypothesis warranted the implementation of testing this 

optimal PRP in a mock wound healing model called the scratch 

assay. 

Reference 

 

1.Aikawa M, Schoenbechler MJ, Barbaro JF, Sadun EH. 

Interaction of rabbit platelets and leukocytes in the release of 

histamine. Electron microscopic observations. Am J Pathol 

1971;63(1):85-98 

2.Albini A, Adelmann-Grill BC. Collagenolytic cleavage 

products of collagen type I as chemoattractants for human 

dermal fibroblasts. European Journal Cell Biology. 

1985;36(1):104-107 

3.Armstrong, D. G., Wrobel, J., & Robbins, J. M. (2007). Guest 

editorial: are diabetes- related wounds and amputations worse 

than cancer. Int Wound J, 4(4), 286-287. 

4.Arora NS, Ramanayake T, Ren Y, Romanos EG. Platelet rich 

plasma: A literature review. Implant Dentistry. 2009;18(4):303-

310 

5.Artitua, E., Andia, I., Ardanza, B., Nurden, P., & Nurden, A. 

(2004). Autologous platelets as a source of proteins for healing 

and tissue regeneration. Thromb Haemost, 91(4). 

6.Asaumi, K., Nakanishi, T., Asahara, H., & Takigawa, M. 

Expression of neurotrophins and their receptors (TRK) during 

fracture healing. Bone, 2000;26(6): 625. 

7.Bailey, A. J., Shellswell, G. B., & Duance, V. C. (1979). 

Identification and change of collagen types in differentiating 

myoblasts and developing chick muscle. Nature 278, 67 – 69 

8.Baker, S. R., Stacey, M. C., Jopp‐McKay, A. G., Hoskin, S. 

E., & Thompson, P. J. (1991). Epidemiology of chronic venous 

ulcers. British Journal of Surgery, 78(7), 864-867. 



Paper Title:- Formation and Assessment of Platelet Rich Plasma Treatment 

                               ISSN:-2581-6934|www.jidps.com 
8 

Battinelli, E. (2001). Induction of platelet formation from 

megakaryocytoid cells by nitric oxide.PNAS, 98(25), 14458. 

9.Berghoff WJ, Pietrzak WS, Rhodes RD. Platelet-rich plasma 

application during closure following total knee arthroplasty. 

Orthopedics. 2006; 29(7):590-598. 

10.Bielecki, T., Gazdzik, T., Arendt, J., Szczeoanski, T., Krol, 

W., Wielkoszynski, T. (2007). Antibacterial effect of 

autologous platelet gel enriched with growth factors and other 

active substances. Journal of Bone and Joint Surgery, 89(3): 

417-420. 

11.Bluteau D, Lordier L, Di Stefano A, Chang Y, Raslova H, 

Debili N, Vainchenker W. Regulation of megakaryocyte 

maturation and platelet formation. J Thromb Haemost. 

2009;7(Suppl. 1):227–34. 

12.Brem, H., & Tomic-Canic, M. (2007). Cellular and 

molecular basis of wound healingin diabetes. The Journal of 

clinical investigation, 117(5),1219-1222. 

13.Crovetti, G., Martinelli, G., Issi, M., Barone, M., Guizzardi, 

M., Campanati, B., ... & Carabelli, A. (2004). Platelet gel for 

healing cutaneous chronic wounds. 

Transfusion and Apheresis Science, 30(2), 145-151. 

14.DeLong, M., Russell, R., & Mazzocca, A., "Platelet-rich 

plasma: the PAW classification system." Arthroscopy: The 

Journal of Arthroscopic & Related Surgery 28.7 (2012): 998-

1009. 

15.DeRossi, R., Coelho, A. C. A. D. O., Mello, G. S. D., 

Frazílio, F. O., Leal, C. R. B., Facco, G. G., & Brum, K. B. 

(2009). Effects of platelet-rich plasma gel on skin healing in 

surgical wound in horses. Acta cirúrgica brasileira, 24(4), 276-

281. 

16.Di Lullo, Gloria A.; Sweeney, Shawn M.; Körkkö, Jarmo; 

Ala-Kokko, Leena & San Antonio, James D. (2002). "Mapping 

the Ligand-binding Sites and Disease- associated Mutations on 

the Most Abundant Protein in the Human, Type I Collagen". J. 

Biol. Chem.277 (6): 4223–4231. 

17.Donné A. De l'origine des globules du sang, de leur mode de 

formatio.n et de leur fin. CR Se Acad Sci (Paris) 1842;14:366–

368 

18.Drago, L., Bortolin, M., Vassena, C., Taschieri, S., & Del 

Fabbro, M. (2013). Antimicrobial activity of pure platelet-rich 

plasma against microorganisms isolated from oral cavity. BMC 

microbiology, 13(1), 47. 

19.Dustin, M. L., Rothlein, R., Bhan, A. K., Dinarello, C. A., & 

Springer, T. A. (1986). Induction by IL 1 and interferon-

gamma: tissue distribution, biochemistry, and function of a 

natural adherence molecule (ICAM-1). The Journal of 

Immunology, 137(1), 245-254. 

20.Eppley BL, Woodell JE, Higgins J. Platelet quantification 

and growth factor analysis from platelet-rich plasma: 

implications for wound healing. Plast Reconstr Surg. 

2004;114:1502–1508 

21.Faheem, K. (2014). Part one-Deferential white blood cells 

count (diff WBCs count) and microscope examination of well 

stained blood film. Medicine, science and more. 

Falanga, V. (2005). Wound healing and its impairment in the 

diabetic foot. The Lancet, 366(9498), 1736-1743. 

22.Foster, T. E., Puskas, B. L., Mandelbaum, B. R., Gerhardt, 

M. B., & Rodeo, S. A. Platelet-rich plasma from basic science 

to clinical applications. The American Journal of Sports 

Medicine.2009;37(11):2259-2272. 

23.Fennis JP, Stoelinga PJ, Jansen JA. Mandibular 

reconstruction: a clinical and radiographic animal study on the 

use of autogenous scaffolds and platelet-rich plasma. Int J Oral 

Maxillofac Surg.2002;31:281-286 

24.Fernández‐Barbero, J. E., Galindo‐Moreno, P., Ávila‐Ortiz, 

G., Caba, O., Sánchez‐ Fernández, E., & Wang, H. L. (2006). 

Flow cytometric and morphological characterization of 

platelet‐rich plasma gel. Clinical oral implants research, 

17(6),687-693. 

25.Geddis AE, Kaushansky K. Endomitotic megakaryocytes 

form a midzone in anaphase but have a deficiency in cleavage 

furrow formation. Cell Cycle 2006; 5:538-45 

26.George J. Platelets. The Lancet 2000; 355: 1531-39 

Heijnen HFJ, Debili N, Vainchencker W, Breton-Gorius J, 

Geuze HJ, Sixma J. Mutlivesicular bodies are an intermediate 

stage in the formation of alpha granules. Blood 1998;91:2313-

2325 

27.Houghton, P. E., Kincaid, C. B., Campbell, K. E., 

Woodbury, M. G., & Keast, D. H. (2000). Photographic 

assessment of the appearance of chronic pressure and leg ulcers. 

Ostomy Wound Management, 46(4), 20-35. 

https://en.wikipedia.org/wiki/Journal_of_Biological_Chemistry
https://en.wikipedia.org/wiki/Journal_of_Biological_Chemistry
https://en.wikipedia.org/wiki/Journal_of_Biological_Chemistry


Paper Title:- Formation and Assessment of Platelet Rich Plasma Treatment 

                               ISSN:-2581-6934|www.jidps.com 
9 

Hourdille, Paquita, et al. "Thrombin induces a rapid 

redistribution of glycoprotein Ib-IX complexes within the 

membrane systems of activated human platelets." Blood 76.8 

(1990): 1503-1513. 

28.Initini G, Sebastiano A, Intini F, Buhite R, Bobek L. 

Clacium sulfate and platelet-rich plasma make a novel 

osteoinductive biomaterial for bone regeneration. Journal of 

Translational Medicine. 2007;5(13):5-13 

29.Kam, Y., Guess, C., Estrada, L., Weidow, B., & Quaranta, 

V. (2008). A novel circular invasion assay mimics in vivo 

invasive behavior of cancer cell lines and distinguishes single-

cell motility in vitro. BMC cancer, 8(1), 198. 

30.Kumar, V., Abbas, A., Fausto, N., & Mitchel, R. (2007). 

Robbins basic pathology. (8 ed., pp. 31-78). Philadelphia, Pa: 

Saunders Elsevier. 

31.Lay-Flurrie, K. (2008). Honey in wound care: effects, 

clinical application and patient benefit. British Journal of 

Nursing, 17(11). 

32.Lei, H, Gui L, Xiao R. The effects of anticoagulants on the 

quality and biological efficacy of platelet-rich plasma. Clinical 

Biochemistry. 2009;42:1452-1460 

33.Lemons PP, Chen D, Bernstein AM, Bennett MK, 

Whiteheart SW. Regulated secretion in platelets: identification 

of elements of the platelet exocytosis machinery. Blood 

1997;90(4):1490-1500 

34.Machula, H., Ensley, B., & Kellar, R. (2014). Electrospun 

tropoelastin for delivery of therapeutic adipose-derived stem 

cells to full-thickness dermal wounds. Advances in wound care, 

3(5), 367-375. 

35.Marx RE, Carlson ER, Eichstaedt RM, et al. Platelet-rich 

plasma: Growth factor enhancement for bone grafts. Oral Surg 

Oral Med Oral Pathol Oral Radiol Endod. 1998;85:638-646. 

36.Messora MR, Nagata MJH, Furlaneto FAC, Dornelles, RCA, 

Bomfim SRM, Garcia, VG, Bosco AF. (2011). A standardized 

research protocol for platelet-rich plasma (PRP) preparation in 

rats. RSBO;8(3):299-304 

37.Metcalfe, P., Williamson, L. M., Reutelingsperger, C. P., 

Swann, I., Ouwehand, W. H., & Goodall, A. H. (1997). 

Activation during preparation of therapeutic platelets affects 

deterioration during storage: a comparative flow cytometric 

study of different production methods. British journal of 

haematology, 98(1), 86-95. 

38.Michelson, A. (2013). Platelets 3
rd

 edition. Waltham, 

Massachusetts: elsevier academic press. 

39.Mishra A, Velotta J, Brinton T, Wang X, Chang S, Palmer 

O, Sheikh A, Chung J, Yang P, Robbins R, Fischbein M. 

RevaTen platelet-rich plasma improves cardiac function after 

myocardial injury. Cardiovascular Revascularization Medicine. 

2011;12:158-163 

40.Murray MM, Spindler KP, Abreu E. et al. Collagen-platelet 

rich plasma hydrogel enhance primary repair of the porcine 

anterior cruciate ligament. J Ortho Res. 2007;25(1):81-91 

41.Nusgens, B. V., Humbert, P., Rougier, A., Colige, A. C., 

Haftek, M., Lambert, C. A., ... & Lapière, C. M. (2001). 

Topically Applied Vitamin C Enhances the mRNA Level of 

Collagens I and III, Their Processing Enzymes and Tissue 

Inhibitor of Matrix Metalloproteinase 1 in the Human Dermis1. 

Journal of Investigative Dermatology, 116(6), 853-859. 

42.Rifkin, D. B., & Moscatelli, D. (1989). Recent developments 

in the cell biology ofbasic fibroblast growth factor. The Journal 

of Cell Biology, 109(1),1-6. 

43.Roukis TS, Zgonis T, Tierman B. Autologous platelet-rich 

plasma for wound and osseous healing: A review of the 

literature and commercially available products. Advances in 

Therapy 2006;23(2):218-237 

44.Ruiz FA, Lea CR, Oldfield E, Docampo R. Human platelet 

dense granules contain polyphosphate and are similar to 

acidocalcisomes of bacteria and unicellular eukaryotes. J Biol 

Chem 2004;279(43):44250-7. 

45.Sheth, U., Simunovic, N., Klein, G., Fu, F., Einhorn, T. A., 

Schemitsch, E., ... & Bhandari, M. (2012). Efficacy of 

autologous platelet-rich plasma use for orthopaedic indications: 

a meta-analysis. J Bone Joint Surg Am, 94(4), 298-307. 

46.Siebrecht MA, De Rooij PP, Arm EM et al. Platelet 

concentrate increases bone ingrowth into porous 

hydroxyapatite. Orthopedics. 2002;25:169-172 

47.Siegel, R. C., Pinnell, S. R., & Martin, G. R. (1970). Cross-

linking of collagen and elastin. Properties of lysyl oxidase. 

Biochemistry, 9(23), 4486-4492. 



Paper Title:- Formation and Assessment of Platelet Rich Plasma Treatment 

                               ISSN:-2581-6934|www.jidps.com 
10 

48.Smith LT, Holbrook KA, Madri JA (1986). Collagen types I, 

III, and V in human embryonic and fetal skin. Am J Anat 

175:507±521, 

49.Spindler KP, Murray MM, Carey JL, Zurakowski D, 

Fleming BC. The use of platelets to affect functional healing of 

an anterior cruciate ligament (ACL) autograft in a caprine ACL 

reconstruction model. J Orthop Res. 2009;27(5):631-638 

50.Usaj, M., Torkar, D., Kanduser, M., & Miklavcic, D. (2011). 

Cell counting tool parameters optimization approach for 

electroporation efficiency determination of attached cells in 

phase contrast images. Journal of microscopy, 241(3), 303-314. 

51.Van Geet C, Freson K. Platelet Biology. 

http://gbiomed.kuleuven.be/english/research/50000635/500006

39/webpages/plate 

let-biology-thrombosis-and-haemostasis accessed 9/3/2013 

52.Vargo‐Szabo, D., Braun, A., & Nieswandt, B. (2009). 

Calcium signaling in platelets. Journal of Thrombosis and 

Haemostasis, 7(7), 1057-1066. 

53.Velnar, Tomaž, Tracey Bailey, and Vladimir Smrkolj. The 

wound healing process: an overview of the cellular and 

molecular mechanisms. Journal of International Medical 

Research 37.5 (2009): 1528-1542. 

54.Venturi, M. L., Attinger, C. E., Mesbahi, A. N., Hess, C. L., 

& Graw, K. S. (2005). Mechanisms and clinical applications of 

the vacuum-assisted closure (VAC) device. American journal of 

clinical dermatology, 6(3), 185-194. 

55.Visse, R., & Nagase, H. (2003). Matrix metalloproteinases 

and tissue inhibitors of metalloproteinases structure, function, 

and biochemistry. Circulation research, 92(8), 827-839. 

56.Wadhwa, M., Seghatchian, M. J., Lubenko, A., Contreras, 

M., Dilger, P., Bird, C., & Thorpe, R. (1996). Cytokine levels in 

platelet concentrates: quantitation by bioassays and 

immunoassays. British journal of haematology, 93(1), 225-234. 

57.Walter, M. N. M., Wright, K. T., Fuller, H. R., MacNeil, S., 

& Johnson, W. E. B. (2010). Mesenchymal stem cell-

conditioned medium accelerates skin wound healing: an in vitro 

study of fibroblast and keratinocyte scratch assays. 

Experimental cell research, 316(7), 1271-1281. 

58.Wang, J., & Widlansky, M. E. (2009). Lifestyle choices and 

endothelial function: risk and relevance. Current vascular 

pharmacology, 7(2), 209-224. 

59.White JG, Tubular elements in platelet granules. Blood 

1968;32:148-156 

60.White JG, Escolar G. Current concepts on platelet membrane 

response to surface activation. Platelets 1993;4:175-198 

White JG. Platelet structural physiology: the ultrastructure of 

adhension, secretion and aggregation in arterial thrombosis. 

Cardiovasc Clin. 1987;18:13-33 

61.White JG. Platelet glycosomes. Platelets. 1999;10:242-

246 

62.White JG, Gerrard JM. The cell biology of platelets In: 

Weissman G editor. Handbook of inflammation: the cell 

biology of inflammation. New York: Elsevier/North Holland; 

1980. P. 83-143 

63.Yarrow, J. C., Perlman, Z. E., Westwood, N. J., & 

Mitchison, T. J. (2004). A high- throughput cell migration assay 

using scratch wound healing, a comparison of image-based 

readout methods. BMC biotechnology, 4(1), 1. 

64.Yeung, E. C. (1999). The use of histology in the study of 

plant tissue culture systems— some practical comments. In 

Vitro Cellular & Developmental Biology-Plant, 35(2), 137-143. 

65.Yip, C., Linden, M., Attard, C., Monagle, P., Ignjatovic, V. 

(2014). Platelets from children are hyper-responsive to 

activation by thrombin receptor activator peptide and adenosine 

diphosphate compared to platelets from adults. British Journal 

of Hematology, 168, 526, 532. 

66.Yokota K, Ishida O, Sunagawa T, Suzuki O, Nakamae A, 

Ochi M. Platelet-rich plasma accelerated surgical angiogenesis 

in vascular implanted necrotic bone: an experimental study in 

rabbit. Acta Orthop. 2008;79(1):106-110 

67.Zaar, M., Secher, NH., Gam, CM., Rasmussen, P., 

Johansson, PI. (2011). Interindividual variation in platelets and 

the cardiovasvular response to heamorrhage in the pig. Blood 

Coagulation and Fibronolysis: an internatiol journal in 

haemostasis and thrombosis. 22(2), 92-97. 

68.Zhong, S., Teo, W. E., Zhu, X., Beuerman, R. W., 

Ramakrishna, S., & Yung, L. Y. L. (2006). An aligned 

nanofibrous collagen scaffold by electrospinning and its effects 

on in vitro fibroblast culture. Journal of Biomedical Materials 

Research Part A, 79(3), 456-463 

 

http://gbiomed.kuleuven.be/english/research/50000635/50000639/webpages/platelet-biology-thrombosis-and-haemostasis%20accessed%209/3/2013
http://gbiomed.kuleuven.be/english/research/50000635/50000639/webpages/platelet-biology-thrombosis-and-haemostasis%20accessed%209/3/2013
http://gbiomed.kuleuven.be/english/research/50000635/50000639/webpages/platelet-biology-thrombosis-and-haemostasis%20accessed%209/3/2013

