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ABSTRACT: Introduction: Platelet-rich plasma is widely used in different fields of medical science, because 
platelets are rich in growth factors and cytokines which play important role in wounds healing and tissue 
regenerative processes. The wide variation in reported PRP preparation protocol leads to variable 
composition and biological response. Detailed, precise and stepwise description of PRP preparation protocol 
for consistent composition is needed.                     
Aim: Obtain desired composition of platelets in PRP.       
Materials and method: For PRP preparation 5ml of whole blood (4.38ml blood+0.614ml CPDA-1 
anticoagulant) from 60 participants (30 study group-A and 30-B for data validation) in two subgroup test 
tube. Test tubes are centrifuged for 1st spin: subgroup B-I at 200g for 12min, B-II at 700g for 4min and 2nd 
spin: B-I at 1500g for 6min, B-II at 700g for 15min. By leaving calculated PRP-2 volume required for desired 
platelet concentration according to formula, remaining upper platelet poor plasma (PPP) was separated 
from PRP-1.        
Results:  In B-I, PRP-1 volume was 2.166± 0.287ml with platelet concentration 393.8±117.7x103/µL and in 
B-II; PRP-1 volume was 2.148±0.273ml with platelet concentration 402.0±105.77x103/µL. In B-I, PRP-2 
volume was 0.7996±0.234ml with platelet concentration 1017.37±11.62x103/µL (5.532±1.484-fold) and 
residual WBC 0.8392±0.5441%. In B-II, PRP-2 volume was 0.7766±0.201ml with platelet concentration 
1019.57±18.07/µL (5.529±1.418-fold) and residual WBC 1.6705±0.9846%. 
Conclusion: Desired composition of platelet can be prepared by using appropriate centrifugal force, time 
and adjusting final PRP volume according to their individual platelet concentration. 
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1. Introduction: 
Platelet-rich plasma (PRP) is autologous preparation, containing platelets count above peripheral blood 
level, in small volume of plasma.[1, 2] PRP have been used since the 1970s and becomes popular since the 
1990s.[3] PRP preparation methodology continues to broaden from conventional blood centrifugation to 
commercial systems.[4-6] PRP treatment has Additional advantages of easy methodology, low or non-
invasive procedures, cost-effective, safe (autologous product), shorten the recovery period, more lasting 
effect than conventional therapy, therefore improving life quality of patients.[7-10] Clinical application of 
PRP in numerous studies have demonstrated appreciable and notable results for wound healing and 
regenerative processes, in different areas of medical science.[11-35]  
Platelets are formed in the marrow from megakaryocytes and present in peripheral blood like cytoplasmic 
fragments, approximately 2μm in diameter.[36-37] Platelets  are rich in growth factors like- platelet-derived 
growth factor, transforming growth factor-ß, platelet-derived epidermal growth factor, vascular endothelial 
growth factor, insulin-like growth factor-1, fibroblastic growth factor and epidermal growth factor [38] 
which play an important role in soft and hard tissue healing.[39] Their bioactive proteins have a 
fundamental role in haemostasis or tissue healing.[40] Platelets also has anti-inflammatory, analgesic 
effects.[41-46] antibiotic effect.[47] After endothelial injury platelets are activated by contact with collagen, 
they secrete stored intercellular mediators and cytokines from their cytoplasmic pool and release their α-
granule content (growth factors) after aggregation. Their secretion is intense in first hour and at least one 
week they continue synthesizing more cytokines and growth factors from their mRNA reserves.[48]  Many 
proteins are secreted into surroundings [49] having a paracrine effect on different cell types: endothelial 
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cells.[50] tendon cells,[36,51-53] myocytes,[51] mesenchymal stem cells from different origins,[54-55] 
chondrocytes,[56] osteoblasts,[57] fibroblasts.[58] These signaling cytokines and growth factors  regulate 
inflammation, collagen synthesis, stimulating cell proliferation, cell migration, angiogenesis and synthesis 
together, results in tissue regeneration with remodeling of newly formed tissue.[59-61] Some authors 
considered, a platelet count of >1 million/µL (approximately 4-7 fold of baseline platelet count) as  
therapeutically effective concentration of platelets in PRP.[62-64]   
Although application of PRP in chronic injuries of bone and cartilage has given promising result, reduces 
pain and improves knee function and is superior than hyaluronic acid.[18] After in vitro study of PRP and 
mesenchymal stem cells combination some authors concluded, PRP favoured the osteogenic 
differentiation[54] and others demonstrating a chondrogenic compromise.[55,65]  Some studies reported 
improvement in androgenetic alopecia with PRP treatment [21,66-67] while some reported no 
improvement.[68-69] These variations could be due to different RPP preparation protocol, their platelet and 
leukocyte concentration, which can modify its growth factor content.[2] Studies have reported growth factor 
decreases after use of higher centrifugal force [70] and cooling may retard platelet activation during PRP 
preparation.[71] Some authors believe presence of WBC provides natural protection against infections and 
allergic responses.[72] Other authors correlated presence of high WBC concentration with their catabolic 
cytokine concentration (matrix metalloproteinase-9 and IL-1β),[73] catabolic gene expression,[73-74] and 
release of toxic reactive oxygen species,[75] destroying surrounding tissue, even if the tissue is not injured 
[76-77] and thus increasing inflammation and reducing tissue regeneration.[75] At the moment, 
nomenclature and definition of PRP has significant controversy.[3,78-83] There is no universally established 
clear gold standard protocol for collection, PRP preparation, quality control, administration of the obtained 
products, threshold dose required for therapeutic benefit and lack of regulation.[8, 84-86].The detailed, 
precise, and stepwise description of the PRP preparation protocol (centrifugal conditions, consistent 
platelet and leukocyte concentration, type of anticoagulant used) is required.[8, 12, 83-88]  

Therefore, the purpose of this study is to develop a standard PRP preparation protocol, for obtaining desired 
concentration of platelet and WBCs in PRP consistently, at standard temperature 22 oC (20 oC-24oC) by using 
appropriate centrifugal force, time and adjusting PRP volume.  
 

2. Materials and method:  
Blood collection- After the approval of Hospital Local Ethics Committee, 60 healthy adult volunteer 
participants between 18-60 years of age was enrolled to the study. Out of total 60 subjects, 30 were 
processed in the study group (group-A) and rest 30 (group-B) were used for validation of results. All 
participants gave informed consent. Blood collection was performed following aseptic procedure. For blood 
collection from each participant, 1.4 mL of anticoagulant CPDA-1was collected in a 12 mL syringe, needle 
was replaced with 18-guage needle and 10 mL of blood was collected in the syringe (total volume, 
anticoagulant + blood=11.4 mL) from antecubital region within 2-4 min. Blood was mixed properly with the 
anticoagulant to prevent clotting and 5 mL of whole blood was transferred in each two separate test tubes 
namely subgroup-A-I and A-II for PRP preparation. For baseline blood cell analysis, remaining 1.4 mL of 
whole blood was transferred in a separate test tube for each participant. Blood cell count was performed 
with cell counting equipment (Sysmex KX-21, Sysmex Corporation Japan).  
2.1 PRP Preparation: 
All centrifugal process was done at 22°C, in a Refrigerated centrifuge model (ROTO SILENTA 630 RS, 
Hettich, Instruments LP. Germany). We use two centrifugal steps for PRP preparation, Brief protocol 
described in figure-1. 
2.1.1 First Spin:  
For 1st spin, subgroup A-I, whole blood was centrifuged at RCF-200g for 12 min and subgroup A-II, at RCF-
700g for 4 min. The upper layer of platelet rich plasma was collected into other empty test tube, by using 
micropipette with care to avoid mixing of RBC and labeled as PRP-1. Collected volume ranged between 1.5 
to 2.5 mL. PRP-1 was adequately mixed to homogenize and Blood cell count was performed with cell 
Hematology analyzer (Sysmex KX-21). Platelets and WBCs recovery in PRP-1 was calculated using the 
following formula: 
 1. Total cell count = total volume in µL X cell concentration /µL  
 

 2. Percentage Platelet recovery in PRP1 =
Total  Platelet  in  PRP 1

Total  Platelet  in  Baseline  
𝑋100 

 3. Percentage residual WBC in PRP1 =
Total  WBC  in  PRP 1

Total  WBC  in  Baseline  
𝑋100 
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Figure-1: Flow chart, describing brief protocol of PRP preparation. 

 

2.1.2 Second spin: 
For 2nd spin, PRP-1 of subgroup A-I was centrifuged at RCF-700g for 15 min and subgroup A-II at RCF-1500g 
for 6 min. Platelets pellet was formed at the bottom of test tube. For obtaining platelet concentration 
consistently ≥1 million/µL, by leaving calculated plasma volume required in PRP-2 (as per equation-4) 
remaining upper platelet poor plasma (PPP) was separated into other plane test tube by the help of 
micropipette. PRP-1 is now named as PRP-2 (platelet concentrate).  PRP-2 and PPP were homogenized and 
analyzed for platelets and WBC concentration. Platelets and WBCs recovery in PRP-2 were calculated using 
the following equations: 
 

4. PRP 2 volume required for desired platelets count/µL=
Total  platelts  count  PRP  1

desired  concentration  of  platelets /µL
 

5. PPP volume separated = PRP1 volume – PRP 2 volume required for desired platelet count/µL 

6. Percentage platelet recovery PRP 2 from baseline=
Total  platelets  PRP  2

Total  platelets  baseline  
𝑋100 

7. Percentage platelet recovery PRP 2 from PRP 1 =
Total  platelets  PRP  2

Total  platelets  PRP  1 
𝑋100 

 8. Percentage residual WBCs in PRP 2 from baseline=
Total  WBCs  in  PRP  2

Total  WBCs  in   Baseline  
𝑋100 

 9. Percentage residual WBCs in PRP 2 from PRP1=
Total  WBCs  in  PRP  2

Total  WBCs  in  PRP  1 
𝑋100 

 

2.2. Statistical analysis  
The results are presented as mean ± standard deviation. For statistical analysis data were entered into 
software Microsoft excel (sheet) and analysis were performed with the software Statistical Package for 
Social Sciences (SPSS 13.0) for Windows (SPSS Inc., Chicago, IL, USA). Inter subgroup comparison was 
assessed using students t-test. A p. value of <0.05 was considered statistically significant.  
 

3. Results and observations 
3.1 .1 Composition after First spin– 
After 1st spin, group-A platelets and WBCs recovery in PRP-1 were given in table-1. 

Table 1: Result of group-A after 1st spin (platelets and WBCs recovery in PRP-1) 
 Subgroup A-I (n=30) Subgroup A-II (n=30) 
 PRP-1 volume in mL 2.165±0.342 2.146±0.347 
 Platelet concentration PRP-1x103/µL 383.17±122.39 395.60±128.62 
Total platelet count  PRP-1x106 812.57±247.53 830.41±252.21 
Fold increase platelet concentrationPRP-1from baseline 2.00±0.28 2.07±0.31 
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Participant’s (group-A, n=30) platelet concentration was 190.07±53.83x103/µL with WBC concentration 
6.09±1.27x103/µL and total platelet count was 950.33±269.15x106 with total WBC count 3.04±0.63x107 in 5 
mL. 
The difference between subgroup A-I and A-II (table-1) of PRP-1 volume, platelet concentrationPRP-1, total 
platelet count PRP-1, fold increase platelet concentration PRP-1 from baseline and percentage platelet 
recovery was not statistically significant. But WBC concentration PRP-1, total WBC count PRP-1, percentage 
residual WBC in PRP-1 from baseline was statistically significant (All P < 0.05, Pair wise t-test). 
 After 1st spin (PRP-1, table-1) in PRP-1 of subgroup A-I, PRP-1 volume was 2.165±0.342mL with total 
platelet count 812.57±247.53x106, percentage platelet recovery 85.30±6.24% and percentage residual WBC 
from baseline 0.92±0.57%. In subgroup A-II, PRP-I volume was 2.146±0.347 mL with total platelet count 
830.41±252.21x106, percentage platelet recovery 87.19±5.58% and percentage residual WBC from baseline 
1.86±1.41%.                                                                          
3.1.2 Composition after the Second Spin-  
Table 2: Result of group-A samples after 2nd spin (platelet and WBC yield and recovery in PRP-2) 

 Subgroup A-I (n=30) Subgroup A-II (n=30) 
PRP-2 volume in mL 0.813 ±0.247 0.830 ±0.252 
PPP volume discarded in mL 1.353 ±0.39 1.316 ±0.40 
Platelet concentration in PRP-2x103/µL 932.77±31.59  952.1±30.72  
Fold increase in pl. count in PRP-2 from PRP-1 2.72±1.02 2.68±0.97 
Fold increase in pl. count in PRP-2 baseline  5.34±1.69 5.44±1.69 
Total pl. count in PRP-2x106/µL 758.24±230.84  792.95±250.69  
Percentage pl. yield in PRP-2 from PRP-1  93.27±3.15  95.21±3.07  
Percentage pl. yield in PRP-2 from baseline 79.57±6.46  83.05±6.51  
WBC concentration in PRP-2/µL 371.7±257.9 705.3±543.65 
Total WBC count in PRP-2x103 279.49±165.61 525.00±347.89 
Percentage residual WBC  in PRP-2 from baseline   0.927±0.56 1.823±1.32 
Percentage residual WBC  in PRP-2 from PRP-1 100.6±8.48 99.56±5.31 
Platelet count in PPPx103/µL  38.93± 30.74  21.63±18.77 
Total pl. count  in PPPx106/µL 44.97±27.68 24.91±17.30 
Percentage pl. yield in PPP from PRP-1   5.64±2.86 3.03±1.90 
Percentage loss platelet PPP from baseline  4.78±2.39  2.66±1.68 

 

The difference between subgroup A-I and A-II of platelet concentration (PRP-2), percentage platelet yield 
(PRP-2 from PRP-1), percentage platelet yield (PRP-2 from baseline), platelet count in PPP, total platelet 
count in PPP, platelet yield of PPP from PRP-I,). WBC concentration, total WBC count and percentage 
residual WBC in PRP-2 from baseline, was statistically significant (All P < 0.05, Pair wise t-test). 
After 2nd spin in subgroup A-I the calculated PRP-2 required volume 0.813±0.247 mL according to formula-
4, to obtain platelet concentration 1million/µL. The platelet concentration was 932.77±31.59x103/µL with 
percentage platelet recovery (PRP-2 from PRP-1) 93.27±3.15%, percentage loss platelet PPP (from PRP-1) 
5.64±2.86% and percentage residual WBC from baseline 0.927±0.56%. In subgroup A-II, PRP-2 volume was 
0.830±0.252mL with platelet concentration 952.1±30.72x103/µL, percentage platelet recovery (PRP-2 from 
PRP-1) 95.21±3.07%, percentage loss platelet PPP (from PRP-1) 3.03±1.90% and percentage residual WBC 
from baseline 1.823±1.32%.  
3.2 Optimization of platelet concentration in PRP-2: After 2nd spin platelet concentration of PRP-2 was 
<1million/µL in both subgroup. This difference is due to loss of percentage residual platelet in PPP. 
So for obtaining PRP-2 with consistent concentration of platelet concentration ≥1million/µL, we modify 
equation no- 3 as follows-  
 

10. PRP-2 vol. required for desired platelet concentration/µL = 
{Total  platelet  count  PRP 1−(%loss  platelet  PPP+2SD)}

desired  platelets  concentration /µL
 

 

For data validation and optimization of the platelet-rich plasma, we run another 30 sample named group-B 
(subgroup -B-I and B-II), 1ST spin, for B-I at RCF 200g for 12 min and for B-II 700g for 4 min and 2nd spin, B-I 
at RCF 1500g for 6 min and B-II at RCF 700g for 15 min. Results are given in table-3 and 4. 

Percentage platelet recovery PRP-1 85.30±6.24 87.19±5.58 
WBC concentration PRP-1/µL 130.7±82.5 261.3±188.82 
Total WBC count  PRP-1x103 276.94±163.77 535.5±372.45 
Percentage residual WBC in PRP-1 from baseline   0.92±0.57 1.86±1.41 
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In subgroup B-I, PRP-2 volume was 0.7996±0.234 mL with platelet concentration 1017.37±11.62x103/µL, 
Fold increase platelet concentration PRP-2 from baseline 5.532±1.484-fold and Percentage residual WBC 
PRP-2 from baseline 0.8392±0.5441%. In subgroup B-II PRP-2 volume was 0.7766±0.201 mL with platelet 
concentration 1019.57±18.07/µL, Fold increase platelet concentration PRP-2 from baseline 5.529±1.418-
fold and Percentage residual WBC PRP-2 from baseline1.6705±0.9846%. 

Table 3: Result of group-B samples after 1st spin (platelet and WBC yield and recovery in PRP-1) 
 Subgroup B-I (n=30) Subgroup B-II (n=30) 
PRP-1 volume in mL 2.166± 0.287 2.148±0.273 
Platelet concentration PRP-1x103/µL 393.8±117.7 402.0±105.77 
Total platelet count PRP-1x106 841.715±246.863 853.428±221.274 
Fold increase platelet concentration PRP-1from baseline 1.92±0.265 2.055±0.272 
Percentage platelet recovery PRP-1 85.00±6.073 87.095±5.712 
WBC count PRP-1/µL 133±80.7 264.±148 
Total WBC count PRP-1x103 287.63±176.54 563.30±310.97 
Percentage residual WBC count PRP-1 from baseline   0.839±0.549 1.654±0.99 

 

Participant’s (group-B, n=30) whole blood platelet concentration was 195.87±49.03x103/µL with WBC 
concentration 7.023±1.1685x103/µL and total platelet count 979.333±245.173x106/µL with total WBC 
count 3.5116±0.5842x107 in 5mL. 

Table 4: Result of group-B samples after 2nd spin (platelet and WBC yield and recovery in PRP-2) 
 Subgroup B-I (n=30) Subgroup B-II (n=30) 
PRP-2 volume in mL 0.7996±0.234 0.7766±0.201 
PPP volume discarded in mL 1.367±0.359 1.371±0.322 
Platelet concentration PRP-2x103/µL 1017.37±11.62 1019.57±18.07 
Fold increase platelet concentration PRP-2 from PRP-1 2.87±1.078 2.739±0.846 
Fold increase platelet concentration PRP-2 from baseline 5.532±1.484 5.529±1.418 
Total platelet count PRP-2x106/µL 813.978±240.0 794.191±214.5 
Percentage platelet recovery PRP-2 from PRP-1 96.64±1.10 92.78±1.64 
Percentage platelet recovery PRP-2 from baseline 82.17±6.225 80.82±5.76 
WBC count PRP-2/µL 385±251 771±437 
Total WBC count PRP-2x103 287.49±174.25 569.71±311.69 
Percentage residual WBC in  PRP-2 from baseline 0.8392±0.5441 1.6705±0.9846 
Percentage residual WBC in PRP-2 from PRP-1 100.18±3.761 100.4±3.4234 
Platelet concentration PPPx103/µL 7.50±11.646 4.73±12.988 
Total platelet count PPPx106/µL 21.714±13.202 44.994±12.519 
Percentage loss platelet PPP from PRP-1 2.52±1.215 5.431±1.47 
Percentage pl. yield in PPP in from baseline 2.147±1.078 4.717±1.263 

 

4. Discussion: 
Present study was designed to develop a PRP preparation protocol for obtaining desired concentration of 
platelet in PRP consistently by using appropriate centrifugal force, time and adjusting PRP volume at 
standard temperature 22oC (20 oC-24oC). We obtained from 5 mL of whole blood (4.38 mL whole blood + 
0.614 mL CPDA-1 anticoagulant), PRP-2 volume 0.7996±0.234 mL with platelet concentration 
1017.37±11.62x103/µL (5.53±1.48-fold and 82.17±6.22% from baseline) and WBC concentration 
385±251/µL (0.83±0.54% from baseline) after centrifugation, 1st spin at RCF 200g for 12 min and 2nd spin at 
RCF 1500g for 6 min. Similar platelet concentration and recovery with slightly higher residual WBC 
concentration 771±437/µL (1.6705±0.9846% from baseline) after 1st spin at RCF 700g for 4 min and 2nd 
spin at RCF 700g for 15 min.  
These findings explain selection of appropriate centrifugal force with time and required volume of PRP play 
an important role in component preparation. They affect overall quality and quantity of platelets in PRP.  
Numerous protocols have attempted to optimize PRP preparation by using various parameters of 
centrifugal force and time. Araki et al. [89] reported similar platelet recovery 70-80% with different WBC 
recovery higher (10-35%) and lower (4.1%-5.8%) respectively, after 1st spin, at 70g for10 min and at 230g–
270g for 10 min. They also reported that, WBCs precipitated with increase of centrifugal force of ≥840g. 
Amanda et al.[90] reported, 70%-80% platelet recovery and concentration 5-fold, after centrifugation of 3.5 
mL of whole blood for 1st spin at 100g for 10min and 2nd spin at 400g for 10min and removal of 2/3 plasma. 
They also reported longer centrifugal time of 1st spin, slightly increase platelet recovery and decrease WBC 
in PRP. In our study, the percentage platelet yield was similar at RCF 200g for 12 min and at RCF 700g for 4 
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min with statistically significant difference in percentage residual WBC lower 0.8392±0.5441% and higher 
1.6705±0.9846% respectively. Our result shows WBC precipitate with higher centrifugal time as well as 
with higher centrifugal force during 1st spin. So considering their potential pro-inflammatory effect [42, 78, 
91] WBC contamination can be minimized in PRP by centrifugation of whole blood by adjusting centrifugal 
force and time.     
 Some authors studied on low temperatures and higher RCF for PRP preparation. Rachita Dhurat and MS 
Sukesh [92] reported consistently platelet count >10 million/mL after centrifugation on temperature 16°C, 
1st spin at RCF 900g for 5 min and 2nd spin at 1000g for 10 min, in the lower 1/3rd of the plasma. Amable et 
al. [93] reported on temperature 12°C highest 87% platelet recovery after the 1 st spin at 300g for 5 min and 
highest 97.4% platelet yield from PRP-1 after the 2nd spin at 700g for 17 min. They obtained 3.6-fold platelet 
concentration in 300µL PRP-2. But Macey et al. [71] reported that cooling may retard platelet activation so 
temperature is also an important factor for viable platelets in PRP. Transfusion medicine technical manual 
DGHS, [94] Standard for Blood Bank and Blood Transfusion Services NACO Govt. of India [95] and AABB 
manual [96] recommends temperature 22±2°C for PRP preparation. Considering these we maintained 
temperature 22°C during PRP Preparation. Jo et al. [97] studied on centrifugal time and relative centrifugal 
force (RCF) and reported highest (92%) platelet recovery with platelet concentration 
310.7±78.5×103/mm3 from 9 mL whole blood, after centrifugation 1st spin at 900g for 5 min. After 2nd spin 
at 1500g for 15 min they obtain highest 84% Platelet recovery with 633.2±91.6×103/mm3 platelets 
concentration (4.2-times from baseline). Dugrillon et al. [70] reported when centrifugal force is less than 
800g, Growth factors TGF-β1 increases with increase of platelet concentration and decreases when forces 
are above 800g. They stated quality is more important than platelet concentration in PRP. Considering these 
we selected, centrifugal force 200g and 700g for the 1st spin. 
Anitua E et al [11] in 1999 proposed one spin method for PRP preparation. They centrifuge 4.5 mL of whole 
blood, at 460g for 8 min and collect 0.5 mL of plasma as PRP, located just above the Buffy coat. The upper 
fraction was discarded as PPP. The platelet concentration was 2.67-fold from the baseline value. 
Landesberg et al. [98] reported, PRP with 3.2-fold baseline platelet concentration after centrifugation of 5 
mL of whole blood two spin at 200g for 10 min per spin. Bausset et al. [99] obtained 2.0 mL of PRP with 
3.47-fold platelet concentrations from baseline after centrifugation of 8.5 mL of whole blood and reported 
centrifugation of 130g or 250g for 15 min for two spin was optimal for the two spins procedure. Kececi  et al. 
[100] obtained 1.5 mL PRP from 9 mL whole blood. After 1st spin at 250g (250-270g) for 10 min and the 2nd 
spin in increasing order at- 300g, 500g, 750g, 1000g, 1500g and 2000g for 10 min. Platelet concentration 
increases 1.92-fold, 2.16-fold, 2.80-fold, 3.48-fold, 3.67-fold, and 3.76-fold respectively. They concluded to 
select centrifugal force according to their baseline value, for obtaining a standard platelet concentration. Our 
study shows desired platelet concentration can be obtained by adjusting their PRP volume simply.  
Some authors compare, commercially available PRP kits: Kevy SV et al. [101] reported, platelet recovery 
from PRP-kits- SmartPReP-72% (4-fold), 3iPCCS-58%, Sequestra-54%, Secquire-31%, CATS-31%, Interpore 
Cross-27% and Biomet GPS-42.6%. Sundman et al. [78] reported, increase of platelet concentration 1.99-
fold with decrease of WBC count 0.13-fold by using Arthrex ACP kit, they also reported increase of platelet 
concentration 4.69-fold and WBC 4.26-fold, by Biomet GPS III kit. Mazzucco et al. [65] compared three 
commercial kits (Fibrinet, RegenPRP-Kit and Plateltex) and a homemade procedure. They reported 1.6-fold 
to 4.4-fold increase in platelet concentration. Le et al.[72].compared four commercial kits (Curasan PRP kit, 
Plateltex, GPS II, RegenLab) and a homemade protocol They reported 2.75-fold, 3.43-fold, 1.89-fold, 1.55-
fold and 1.77-fold increase in platelet count and 32.0%, 20.0%, 22.6%, 79.0% and 45.6% platelet recovery 
respectively. Castillo et al. [102] compared three commercial kits- Biomet GPS III, MTF Cascade and 
Arteriocyte Magellan systems. They reported 2.07-fold, 1.62-fold and 2.80-fold increase in platelet count 
and 22.6%, 67.6% and 65.5%, platelet recovery respectively. Tamini et al. [103] reported comparison of two 
PRP preparation systems: Double centrifugation (ACE system; Surgical Supply and Surgical Science Systems, 
Brockton, MA, USA) and single centrifugation (Nahita System; Nahita, Navarra, Spain). For ACE system, 8.5 
mL whole blood was centrifuged for 1st spin at 160g (1300rpm) for 10 min and 2nd spin at 400g (2000rpm) 
for 10 min, For Nahita System, 3.5 mL whole blood was centrifuged at 280g (1500rpm) for 7 min, Platelet 
concentration was 3.36-fold in ACE system and 2.27-fold in Nahita system. Rachita Dhurat and MS Sukesh 
[92] stated commercially marketed PRP kits are widely variable; they produce different composition of 
platelets and WBCs depending on their centrifugal force and time, which influence variability of growth 
factors concentration.  
Our PRP preparation is highly purified as WBCs are minimized (0.83±0.54% from baseline) and platelet 
count (1017.37±11.62x103/µL with 5.53±1.48-fold) with recovery (82.17±6.22%) in PRP optimized. These 
parameters are better than those reported in current literatures including commercial PRP kits. 
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This study protocol may be helpful for personnel of blood transfusion medicine, researchers and clinicians 
of regenerative medicine for obtaining desired concentration of platelets with standard quality and quantity 
in PRP consistently, which can be used reliably in regenerative medicine and study, evaluating regenerative 
ability of PRP in different regenerative processes.  
 

5. Conclusion:           
 Desired and consistent composition of platelet can be prepared by using appropriate centrifugal 
force with time and adjusting final PRP volume according to their individual platelet count.  
 

6. Conflict of interest: Nil 
 

7. Disclosures: None to disclose. 
 

8. Acknowledgment: Nil 
 

References: 
[1] Nurden AT, Nurden P, Sanchez M, Andia I, Anitua E. Platelets and wound healing. Front Biosci. 2008;13:3532-

48. 
[2] Engebretsen L, Steffen K, Alsousou J, Anitua E, Bachl N, Devilee R, et al. IOC consensus paper on the use of 

platelet-rich plasma in sports medicine. British Journal of Sports Medicine 2010;44:1072–8. 
[3] Marx RE. Platelet-rich plasma (PRP): what is PRP and what is not PRP?. Implant Dent  2001;10:225-8. 
[4] Mazzucco L, Balbo V, Cattana E, Guaschino R, 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;97:110-18.  

[5] Le G, Kaux JF, Seidel L, Péters P, Gothot A, Albert A, et al. Étude comparative de cinq techniques de préparation 
plaquettaire (platelet-rich plasma). Pathol Biol 2011;59:157-60.  

[6] Castillo TN, Pouliot MA, Kim HJ, Dragoo JL. Comparison of growth factor and platelet concentration from 
commercial platelet-rich plasma separation systems. Am J Sports Med 2010;39:266-71.  

[7] Yung YL, Fu SC, Cheuk YC, Qin L, Ong MT, Chan KM, et al. Optimisation of platelet concentrates therapy: 
Composition, localisation, and duration of action. Asia Pac. J. Sports Med. Arthrosc Rehabil Technol 2017;7:27–
36. 

[8] Griffeth R, Garcia-Parraga D, Mellado-Lopez M, Crespo-Picazo JL, Soriano-Navarro M, Martinez-Romero A, et al. 
Platelet-rich plasma and adipose-derived mesenchymal stem cells for regenerative medicine-associated 
treatments in bottlenose dolphins (Tursiops truncatus) PLoS ONE. 2014;9(9):e108439. 

[9] Chicharro-Alcántara D, Rubio-Zaragoza M, Damiá-Giménez E, Carrillo-Poveda JM, Cuervo-Serrato B, Peláez-
Gorrea P, et al. Platelet Rich Plasma: New Insights for Cutaneous Wound Healing Management, J Funct 
Biomater. 2018;9:10. PMCID:PMC5872096,PMID:29346333     

[10] Bernuzzi G, Tardito S, Bussolati O, Adorni D, Cantarelli S, Fagnoni F, et al. Platelet gel in the treatment of 
cutaneous ulcers: The experience of the Immunohaematology and Transfusion Centre of Parma. Blood 
Trans. 2010;8:237–47. 

[11] Anitua E. Plasma rich in growth factors: preliminary results of use in the preparation of future sites for 
implants. International Journal of Oral and Maxillofacial Implants 1999;14:529–35. 

[12] Ghoddusi J, Maghsudlu A, Jafarzadeh H, Jafarian A, Forghani M. Histological Evaluation of the Effect of Platelet-
rich Plasma on Pulp Regeneration in Nonvital Open Apex Teeth: An Animal Study. J Contemp Dent 
Pract 2017;18:1045–50. 

[13] Gentile P, Bottini DJ, Spallone D, Curcio BC, Cervelli V. Application of platelet-rich plasma in maxillofacial 
surgery: clinical evaluation. Journal of Craniofacial Surgery 2010;21:900–04. 

[14] Cervelli V, Gentile P, Scioli MG, Grimaldi M, Casciani CU, Spagnoli LG, et al. Application of platelet-rich plasma in 
plastic surgery: clinical and in vitro evaluation. Tissue Engineering C: Methods 2009;15:625–34. 

[15] Dallari D, Savarino L, Stagni C, Cenni E, Cenacchi A, Fornasari PM, et al. Enhanced tibial osteotomy healing with 
use of bone grafts supplemented with platelet gel or platelet gel and bone marrow stromal cells. The Journal of 
Bone & Joint Surgery A 2007;89:2413–20.  

[16] Hussain N, Johal H, Bhandari M. An evidence-based evaluation on the use of platelet rich plasma in 
orthopedics—A review of the literature. SICOT J 2017;3:57. 

[17] Zhang ZY, Huang AW, Fan JJ, Wei K, Jin D, Chen B, et al. The potential use of allogeneic platelet-rich plasma for 
large bone defect treatment: Immunogenicity and defect healing efficacy. Cell Transplant 2013;22:175-87. 

[18] Kon E, Buda R, Filardo G, Di Martino A, Timoncini A, Cenacchi A, et al. Platelet-rich plasma: intra-articular knee 
injections produced favorable results on degenerative cartilage lesions. Knee Surg Sports Traumatol Arthrosc 
2010;18: 472-79.  

[19] Filardo G, Kon E, Pereira Ruiz MT, Vaccaro F, Guitaldi R, Di Martino A, et al. Platelet-rich plasma intra-articular 
injections for cartilage degeneration and osteoarthritis: single- versus double-spinning approach. Knee Surgery 
Sports Traumatology Arthroscopy. 2012;20:2082–91. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Engebretsen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21106774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steffen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21106774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alsousou%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21106774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anitua%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21106774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bachl%20N%5BAuthor%5D&cauthor=true&cauthor_uid=21106774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devilee%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21106774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chicharro-Alc%C3%A1ntara%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29346333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rubio-Zaragoza%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29346333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dami%C3%A1-Gim%C3%A9nez%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29346333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carrillo-Poveda%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=29346333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cuervo-Serrato%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29346333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pel%C3%A1ez-Gorrea%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29346333
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pel%C3%A1ez-Gorrea%20P%5BAuthor%5D&cauthor=true&cauthor_uid=29346333
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5872096/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5872096/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5872096/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cervelli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19231923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gentile%20P%5BAuthor%5D&cauthor=true&cauthor_uid=19231923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scioli%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=19231923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grimaldi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19231923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casciani%20CU%5BAuthor%5D&cauthor=true&cauthor_uid=19231923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spagnoli%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=19231923
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dallari%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17974883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Savarino%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17974883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stagni%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17974883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cenni%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17974883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cenacchi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17974883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fornasari%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=17974883
https://www.ncbi.nlm.nih.gov/pubmed/?term=Filardo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22203046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22203046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pereira%20Ruiz%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=22203046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaccaro%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22203046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guitaldi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22203046
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Martino%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22203046


[ VOLUME 6  I  ISSUE 2  I APRIL– JUNE 2019]                                                     E ISSN 2348 –1269, PRINT ISSN 2349-5138 

  234        IJRAR- International Journal of Research and Analytical Reviews                                          Research Paper 

[20] Ronci C, Ferraro AS, Lanti A, Missiroli F, Sinopoli S, Del Proposto G, et al. Platelet-rich plasma as treatment for 
persistent ocular epithelial defects. Trans Apher Sci 2015;52:300–4. 

[21] Singhal P, Agarwal S, Dhot PS, Sayal SK. Efficacy of platelet-rich plasma in treatment of androgenic alopecia. 
Asian J Transfus Sci 2015;9:159-62.      

[22] Hammond JW, Hinton RY, Curl LA, Muriel JM, Lovering RM. Use of autologous platelet-rich plasma to treat 
muscle strain injuries. American Journal of Sports Medicine 2009;37:1135–42. 

[23] Salarinia R, Sadeghnia HR, Alamdari DH, Hoseini SJ, Mafinezhad A, Hosseini M. Platelet rich plasma: Effective 
treatment for repairing of spinal cord injury in rat. Acta Orthop Traumatol Turc 2017;51:254–57.  

[24] Cieslik-Bielecka A, Bielecki T, Gazdzik TS, Arendt J, Król W, Szczepanski T. Autologous platelets and leukocytes 
can improve healing of infected high-energy soft tissue injury. Transfusion and Apheresis Science 2009;41:9–
12. 

[25] Rozman P, Bolta Z. Use of platelet growth factors in treating wounds and soft-tissue injuries. Acta 
Dermatovenerol Alp Pannonica  Adriatica 2007;16:156–65.  

[26] Ahmed M, Reffat SA, Hassan A, Eskander F. Platelet-Rich Plasma for the Treatment of Clean Diabetic Foot 
Ulcers. Ann Vasc Surg 2017;38:206–11. 

[27] Babaei V, Afradi H, Gohardani HZ, Nasseri F, Azarafza M, Teimourian S. Management of chronic diabetic foot 
ulcers using platelet-rich plasma. J Wound Care 2017;26:784–87. 

[28] Hersant B, SidAhmed-Mezi M, Bosc R, Meningaud J.P. Autologous Platelet-Rich Plasma/Thrombin Gel 
Combined with Split-Thickness Skin Graft to Manage Postinfectious Skin Defects: A Randomized Controlled 
Study. Adv Skin Wound Care 2017;30:502–08. 

[29] Sonker A, Dubey A, Bhatnagar A, Chaudhary R. Platelet growth factors from allogeneic platelet-rich plasma for 
clinical improvement in split-thickness skin graft. Asian J Transfus Sci 2015;9:155-8. 

[30] Cieslik-Bielecka A, Skowronski R, Jedrusik-Pawlowska M, Pierchala M. The application of L-PRP in AIDS 
patients with crural chronic ulcers. A pilot study Adv Med Sci 2017;63:140–46. 

[31] Lian Z, Yin X, Li H, Jia L, He X, Yan Y, et al. Synergistic effect of bone marrow-derived mesenchymal stem cells 
and platelet-rich plasma in streptozotocin-induced diabetic rats. Ann Dermatol 2014;26:1–10. 

[32] Park YG, Lee IH, Park ES, Kim JY.  Hydrogel and Platelet-Rich Plasma Combined Treatment to Accelerate 
Wound Healing in a Nude Mouse Model. Arch Plast Surg 2017;44:194–201. 

[33] Sell SA, Wolfe PS, Spence AJ, Rodriguez IA, McCool JM, Petrella RL, et al. A preliminary study on the potential of 
manuka honey and platelet-rich plasma in wound healing. Int J Biomater 2012;2012:313781.  

[34] Mlynarek RA, Kuhn AW, Bedi A: Platelet-Rich Plasma (PRP) in Orthopedic Sports Medicine. AM J Orthop 2016 
May;45(4):290-294,326. 

[35] Dawood AS, Salem HA: Current clinical applications of platelet-rich plasma in various gynecological disorders: 
An appraisal of theory and practice. Clin Exp Reprod Med 2018 Jun;45(2):67-74  

[36] Conley CL. Hemostasis In: Mountcastle VB, editor. Medical Physiology. St. Louis: The C.V. Mosby Company; 
2004.p.1137–46. 

[37] Harrison P, Cramer EM. Platelet alpha-granules. Blood Rev 1993;7:52–62. 
[38] Cole BJ, Seroyer ST, Filardo G, Bajaj S, Fortier LA. Platelet-rich plasma: where are we now and where are we 

going? Sports Health 2010;2:203-210. 
[39] De Vos RJ, van Veldhoven PL, Moen MH, Weir A, Tol JL, Maffulli N. Autologous growth factor injections in 

chronic tendinopathy: A systematic review. Br Med Bull. 2010;95:63–77. 
[40] Schliephake H. Bone growth factors in maxillofacial skeletal reconstruction. Int J Oral Maxillofac 

Surg 2002;31:469–84. 
[41] Bendinelli P, Matteucci E, Dogliotti G, Corsi MM, Banfi G, Maroni P, et al. Molecular basis of anti-inflammatory 

action of platelet-rich plasma on human chondrocytes: mechanisms of NF-κB inhibition via HGF. J Cell Physiol 
2010;225:757-66. 

[42] Van Osch GJ, Bernsen MR, van Buul GM, Koevoet WL, Kops N, Bos PK, et al. Platelet-rich plasma releasate 
inhibits inflammatory processes in osteoarthritic chondrocytes. Am J Sports Med 2011;39:2362-70.  

[43] Mazzocca AD, McCarthy BR, Intravia J, Beitzel K, Apostolakos J, Cote MP, et al. An in vitro evaluation of the anti-
inflammatory effects of platelet-rich plasma, ketorolac, and methylprednisolone. Arthroscopy 2013;29:675-83.   

[44] Randelli P, Arrigoni P, Ragone V, Aliprandi A, Cabitza P. Platelet rich plasma in arthroscopic rotator cuff repair: 
a prospective RCT study, 2-year follow-up. J Shoulder Elbow Surg 2011;20:518-28.  

[45] Asfaha S, Cenac N, Houle S, Altier C, Papez MD, Nguyen C, et al. Protease-activated receptor-4: a novel 
mechanism of inflammatory pain modulation. Br J Pharmacol 2007;150:176-85.  

[46] El-Sharkawy H, Kantarci A, Deady J, Hasturk H, Liu H, Alshahat M, et al. Platelet-rich plasma: growth factors and 
pro-and anti-inflammatory properties. J Periodontol 2007;78:661-69. 

[47] Drago L, Bortolin M, Vassena C, Taschieri S, Del Fabbro M. Antimicrobial activity of pure platelet-rich plasma 
against microorganisms isolated from oral cavity. BMC Microbiol 2013;13:47-51.  

[48] Senzel L, Gnatenko DV, Bahou WF. The platelet proteome. Curr Opin Hematol 2009;5:329-33.  
[49] Macaulay IC, Carr P, Gusnanto A, Ouwehand WH, Fitzgerald D, Watkins NA. Platelet genomics and proteomics 

in human health and disease. J Clin Invest 2005;115:3370-77.   
[50] Freire V, Andollo N, Etxebarria J, Durán JA, Morales MC. In vitro effects of three blood derivatives on human 

corneal epithelial cells. Invest Ophthalmol Vis Sci 2012;53:5571-78.  



[VOLUME 6  I  ISSUE 2  I  APRIL – JUNE 2019]                                                         e ISSN 2348 –1269, Print ISSN 2349-5138 

http://ijrar.com/                                                                                                                                           Cosmos Impact Factor 4.236 

Research Paper                                              IJRAR- International Journal of Research and Analytical Reviews   235 

[51] Mazzocca AD, McCarthy MB, Chowaniec DM, Dugdale EM, Hansen D, Cote MP, et al. The positive effects of 
different platelet-rich plasma methods on human muscle, bone and tendon cells. Am J Sports Med 
2012;40:1742-49. 

[52] Jo CH, Kim JE, Yoon KS, Shin S. Platelet-rich plasma stimulates cell proliferation and enhances matrix gene 
expression and synthesis in tenocytes from human rotator cuff tendons with degenerative tears. Am J Sports 
Med 2012;40:1035-45. 

[53] Visser LC, Arnoczky SP, Caballero O, Kern A, Ratcliffe A, Gardner KL. Growth factor-rich plasma increases 
tendon cell proliferation and matrix synthesis on a synthetic scaffold: an in vitro study. Tissue Eng Part A 
2010;16:1021-29.  

[54] Dohan Ehrenfest DM, Doglioli P, de Peppo GM, Del Corso M, Charrier JB. Choukroun’s platelet-rich fibrin (PRF) 
stimulates in vitro proliferation and differentiation of human oral bone mesenchymal stem cell in a dose-
dependent way. Arch Oral Biol 2010;55:185-94.  

[55] Xie X, Wang Y, Zhao C, Guo S, Liu S, Jia W, et al. Comparative evaluation of MSCs from bone marrow and adipose 
tissue seeded in PRP-derived scaffold for cartilage regeneration. Biomaterials 2012;33:7708-18.  

[56] Spreafico A, Chellini F, Frediani B, Bernardini G, Niccolini S, Serchi T, et al. Biochemical investigation of the 
effects of human platelet releasates on human articular chondrocytes. J Cell Biochem 2009;108:1153-65.  

[57] Graziani F, Ivanovski S, Cei S, Ducci F, Tonetti M, Gabriele M. The in vitro effect of different concentrations on 
osteoblasts and fibroblasts. Clin Oral Implants Res 2006;17:212-19. 

[58] Anitua E, Sánchez M, del Mar Zalduendo M, de la Fuente M, Prado R, Orive G, et al. Fibroblastic response to 
treatment with different preparations rich in growth factors. Cell Prolif 2009;42:162-70.  

[59] Andia I, Abate M. Platelet-rich plasma: Underlying biology and clinical correlates. Regen Med 2013;8:645–58. 
[60] Suthar M, Gupta S, Bukhari S, Ponemone V. Treatment of chronic non-healing ulcers using autologous platelet 

rich plasma: A case series. J Biomed Sci 2017;24:16. 
[61] Jinming W, Caiyue L, Baojin W, Antang L, Yingfan Z, Hui W, et al. Effects of Platelet-Rich Plasma on Tissue 

Expansion in Rabbits. Aesthet Plast Surg 2017;41:454–60. 
[62]  Li ZJ, Choi HI, Choi DK, Sohn KC, Im M, Seo YJ, et al. Autologous platelet-rich plasma: A potential therapeutic 

tool for promoting hair growth. Dermatol Surg 2012;38:1040-6.   
[63] Giusti I, Rughetti A, D′Ascenzo S, Millimaggi D, Pavan A, Dell′Orso L, et al. Identification of an optimal 

concentration of platelet gel for promoting angiogenesis in human endothelial cells. Transfusion 2009;49:771-
8.   

[64] Marx R.E. Platelet-rich plasma (PRP): What is PRP and what is not PRP? Implant Dent. 2001;10:225–228. doi: 
10.1097/00008505-200110000-00002. [PubMed] [Cross Ref] 

[65] Mishra A, Tummala P, King A, Lee B, Kraus M, Tse V, et al. Buffered platelet-rich plasma enhances mesenchymal 
stem cell proliferation and chondrogenic differentiation. Tissue Eng Part C Methods 2009;15:431-35. 

[66] Gupta S, Revathi TN, Sacchidanand S, Nataraj HV: A study of the efficacy of platelet-rich plasma in the 
treatment of androgenetic alopecia in males. Indian J Dermatol Venereol Leprol 2017;83:412. 

[67] Alves R, Grimalt R: Randomized placebo-controlled, double blind, half head study to assess the efficacy of 
platelet-rich plasma on the treatment of androgenetic alopecia. Dermatol Surg 2016;42:491-497.  

[68] Puig CJ, Reese R, Peters M: Double-blind, placebo-controlled pilot study on the use of platelet-rich plasma in 
women with female androgenetic alopecia. Dermatol Surg 2016;42:1243-1247. 

[69] Mapar MA, Shahriari S, Haghighizadeh MH: Efficacy of platelet-rich plasma in the treatment of androgenetic 
(male-patterned) alopecia: a pilot randomized controlled trial. J Cosmet Laser Ther 2016;18:452-455.  

[70] Dugrillon A, Eichler H, Kern S, Klüter H. Autologous concentrated platelet-rich plasma (PRP) for local 
application in bone regeneration. Int J Oral Maxillofac Surg 2002;31:615–9. 

[71] Macey M, Azam U, McCarthy D, Webb L, Chapman ES, Okrongly D, et al. Evaluation of the anticoagulants EDTA 
and citrate, theophylline, adenosine, and dipyridamole (CTAD) for assessing platelet activation on the ADVIA 
120 hematology system. Clin Chem 2002;48:891–9. 

[72] Dohan Ehrenfest DM, Rasmusson L, Albrektsson T. Classification of platelet concentrates: from pure platelet-
rich plasma (P-PRP) to leucocyte- and platelet-rich fibrin (L-PRF). Trends in Biotechnology 2009;27:158–67.  

[73] Sundman EA, Cole BJ, Fortier LA. Growth factor and catabolic cytokine concentrations are influenced by the 
cellular composition of platelet-rich plasma. Am J Sports Med 2011;39:2135-40.  

[74] McCarrel T, 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. Journal of 
Orthopaedic Research 2009;27:1033–42. 

[75] McCarrel TM, Minas T, Fortier LA. Optimization of leukocyte concentration in platelet-rich plasma for the 
treatment of tendinopathy. J Bone Joint Surg Am 2012;94:1-8.  

[76] Scott A, Khan KM, Roberts CR, Cook JL, Duronio V. What do we mean by the term “inflammation”? A 
contemporary basic science update for sports medicine. British Journal of Sports Medicine 2004;38:372–80. 
http://dx.doi.org/10.1136/bjsm.2004.011312. 

[77] Toumi H, Best TM. The inflammatory response: friend or enemy for muscle injury?. British Journal of Sports 
Medicine 2003;37:284–86. http://dx.doi.org/10.1136/bjsm.37.4.284. 

[78] Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA. Platelet-rich plasma. From basic science to 

https://www.ncbi.nlm.nih.gov/pubmed/11813662
https://dx.doi.org/10.1097%2F00008505-200110000-00002
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dohan%20Ehrenfest%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=19187989
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasmusson%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19187989
https://www.ncbi.nlm.nih.gov/pubmed/?term=Albrektsson%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19187989
http://dx.doi.org/10.1136/bjsm.37.4.284


[ VOLUME 6  I  ISSUE 2  I APRIL– JUNE 2019]                                                     E ISSN 2348 –1269, PRINT ISSN 2349-5138 

  236        IJRAR- International Journal of Research and Analytical Reviews                                          Research Paper 

clinical applications. Am J Sports Med 2009;37:2259-72. 
[79] Redler LH, Thompson SA, Hsu SH, Ahmad CS, Levine WN. Platelet-rich plasma therapy: a systematic literature 

review and evidence for clinical use. Phys Sportsmed 2011;39:42-51. 
[80] Weibrich G, Hansen T, Klies W, Buch R, Hitzler WE. Effect of platelet concentration in platelet-rich plasma on 

peri-implant bone regeneration. Bone 2004;34:665-71. 
[81] Kakudo N, Minakata T, Mitsui T, Kushida S, Notodihardjo FZ, Kusumoto K. Proliferation-promoting effect of 

platelet-rich plasma on human adipose-derived stem cells and human dermal fibroblasts. Plast Reconstr Surg 
2008;122:1352-60. 

[82] Kawasumi M, Kitoh H, Siwicka KA, Ishiguro N. The effect of the platelet concentration in platelet-rich plasma 
gel on the regeneration of bone. J Bone Joint Surg Br 2008;90:966-72.  

[83] Anitua E, Sanchez M, Orive G, Andia I. Delivering growth factors for Therapeutic. Trends Pharmacol Sci 
2008;29:37-41. 

[84] Moraes VY, Lenza M, Tamaoki MJ, Faloppa F, Belloti JC. Platelet-rich therapies for musculoskeletal soft tissue 
injuries. Cochrane Database Syst Rev 2014;29:CD010071. 

[85] Jain A, Bedi RK, Mittal K. Platelet-rich plasma therapy. A novel application in regenerative medicine. Asian J 
Transfus Sci 2015;9:113-14. 

[86] Anitua E, Sanchez M, Orive G, Andia I. The potential impact of the preparation rich in growth factors (PRGF) in 
different medical fields. Biomaterials 2007; 28:4551–60. 

[87] Chahla J, Cinque ME, Piuzzi NS, Mannava S, Geeslin AG, Murray IR, et al. A Call for Standardization in Platelet-
Rich Plasma Preparation Protocols and Composition Reporting: A Systematic Review of the Clinical 
Orthopaedic Literature. J Bone Joint Surg Am 2017;99:1769-79. 

[88] Leitner GC, Gruber R, Neumuller J, Wagner A, Kloimstein P, Hocker P, et al. Platelet content and growth factor 
release in platelet-rich plasma: A comparison of four different systems. Vox Sang 2006;91:135–9. 

[89] Araki J, Jona M, Eto H, Aoi N, Kato H, Suga H, et al. Optimized preparation method of platelet-concentrated 
plasma and noncoagulating platelet-derived factor concentrates: Maximization of platelet concentration and 
removal of fibrinogen. Tissue Eng Part C Methods 2012;18:176–85. 

[90] Perez Amanda GM, Lana Jose-Fabio S.D, Rodrigues Ana A, Luzo Angela-Cristina M, Belangero William D, 
Santana Maria-Helena A. Relavent aspects of Centrifugation in The Preparation of Platelet-Rich Plasma. ISRN 
Hematology http:dx.doi.org/10.1155/2014/176060. 

[91] Martinez-Zapata MJ, Martí-Carvajal AJ, Solà I, Expósito JA, Bolíbar I, Rodríguez L, et al. Autologous platelet-rich 
plasma for treating chronic wounds. Cochrane Database Syst Rev 2016;25:CD006899. 

[92] Dhurat R, Sukesh MS. Principales and Methodds of Platelet-Rich Plasma. J Cutan Asthet Surg 2014;7:189-97. 
[93] Amble PR, Carias RBV, Teixeira MVT, Pacheco IDC, Amaral RJFCD, Granjeiro JM, et al. Platelet-rich plasma 

preparation for regenerative medicine: Optimization and quantification of cytokines and growth factors. Stem 
Cell Res Ther 2003;4:67. 

[94] Saran RK, Makroo RN. Blood component preparation and their use, Transfusion medicine Technical 
manual;Director General of Health Services (DGHS) India;1991.PP-171. 

[95] Bharuch ZS, Preparation of Blood Component, Standards for Blood Bank and Blood Transfusion Services, 
National AIDS control organisation, Ministry of Health and Family Welfare ,Government of India;2007.E-3.1. 

[96] Sweeny J, Grossman BJ. Blood collection, storage and component preparation methods. In: Brecher M, 
editor. Technical Manual. 14th ed. Bethesda MD: American Association of Blood Banks (AABB);2002.pp. 955–8.  

[97] Jo CH, Roh YH, Kim JE, Shin S, Yoon KS. Optimizing platelet-rich plasma gel formation by varying time and 
gravitational forces during centrifugation. J Oral Implantol 2013;39:525–32. 

[98] Landersberg R, Roy M, Glickman RS. Quantification of growth factor levels using a simplified method of 
platelet-rich plasma gel preparation. J Oral Maxillofac Surg 2000;58: 297-300. 

[99] Bausset O, Giraudo L, Veran J, Magalon J, Coudreuse JM, Magalon G, et al. Formulation and storage of platelet-
rich plasma homemade product. Biores Open Access 2012;1:115–23. 

[100] Kececi Y, Ozsu S, Bilgir O. A cost-effective method for obtaining standard platelet-rich 
plasma. WOUNDS 2014;26:232–8. 

[101]  Kevy SV, Jacobson MS. Comparison of methods for point of care preparation of autologous platelet gel. J Extra 
Corpor Technol. 2004;36:28–35.  

[102] Everts PA, Overdevest EP,  Jakimowicz JJ, Oosterbos CJ, Schonberger JP,  Knape JT et al. The use of autologous 
platelet-leukocyte gels to enhance the healing process in surgery, a review. Surgical Endoscopy and Other 
Interventional Techniques 2007;21:2063–68.  

[103] Montalvo S, Tresguerres I, Tamini FM, Blanco Jerez LA. comparative study of 2 methods for obtaining platelet 
rich plasma. J Oral Maxillofac Surg 2007;65:1084–93. 

 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chahla%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29040132
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cinque%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=29040132
https://www.ncbi.nlm.nih.gov/pubmed/?term=Piuzzi%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=29040132
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mannava%20S%5BAuthor%5D&cauthor=true&cauthor_uid=29040132
https://www.ncbi.nlm.nih.gov/pubmed/?term=Geeslin%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=29040132
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murray%20IR%5BAuthor%5D&cauthor=true&cauthor_uid=29040132
https://www.ncbi.nlm.nih.gov/pubmed/29040132
https://biblio.ugent.be/publication?q=author%3D%22KNAPE%2C+JT%22+or+(type+exact+bookEditor+and+editor%3D%22KNAPE%2C+JT%22)

