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ABSTRACT 

BACKGROUND  

Platelet rich plasma (PRP) is defined as a volume of the plasma fraction of autologous blood with an above baseline platelet 

concentration. Platelet releases the growth factors from their granules that are beneficial for tissue healing. Therefore, platelet rich 

plasma is being increasingly used in various medical and surgical fields. As such, there are no defined guidelines available for PRP 

preparation. Hence, this study is aimed to develop a protocol for an optimised method of PRP preparation by standardisation of two 

different methods, namely tube method and syringe method in our setup. 
 

MATERIALS AND METHODS 

The prospective comparative study was conducted at MGM Blood Bank, Kamothe, Navi Mumbai, for a period of 3 months. Blood 

samples were collected from 10 voluntary healthy donors. PRP was prepared by double centrifugation method. Four protocols of 

PRP preparation were defined for both tube and syringe method each. Platelet count and platelet increment were analysed and 

tabulated. 

 

RESULTS 

The reliable, practical and cost-effective protocol for platelet rich plasma preparation in our setup was found to be 1200 rpm for 12 

mins in first spin and 2000 rpm for 10 mins in second spin for tube method and 900 rpm for 8 mins in first spin and 2500 rpm for 

10 mins in second spin for syringe method in our setup. 

 

CONCLUSION 

With some limitations, our study determined the protocols for PRP preparation by two simple and cost-effective techniques. 

Syringe method was found more effective in terms of platelet increment and sterility in our setup. Therefore, the study may 

contribute towards future researches where a defined protocol of PRP preparation and clinical benefits are still needed to be  

explored. 
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BACKGROUND 

Platelet rich plasma (PRP) is defined as a volume of the 

plasma fraction of autologous blood with an above baseline 

platelet concentration.1 Although, the optimal PRP platelet 

concentration is unclear, the current methods by which PRP is 

prepared report 3- to 5-fold increase over the baseline.2,3 

Platelet concentrations of 200 x 103 platelets/µL up to 1000 x 

103 platelets/µL are considered therapeutic for tissue 

healing.4 

Platelets play a significant role in haemostasis by 

preventing blood loss through platelet plug formation. 

Platelets release the growth factors from their granules such 

as platelet-derived GF (PDGF), transforming GF-β1 (TGF-β1), 

vascular endothelial GF (VEGF), basic fibroblastic GF (bFGF), 

insulin like growth factor-1 (IGF-1), hepatocyte growth factor  
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(HGF) and epidermal GF (EGF) that promote beneficial effects 

on tissue healing and influence the reactivity involved in 

angiogenesis and inflammation.4,5 

At the beginning of the 21st century, the clinical 

application of platelet-rich plasma (PRP) was considered a 

breakthrough in the stimulation and acceleration of bone and 

soft tissue healing.6 Since then, it is increasingly used in 

almost all fields of surgery and medicine like Plastic Surgery, 

Orthopaedic Surgery, Cardiac Surgery, Ophthalmology, and 

Sports Medicine.7,8 PRP is obtained by treating blood samples 

with various methods such as single centrifugation, double 

centrifugation or apheresis. Also, it must be calcium activated 

before being applied over the surgical site.9,10 

As such there are no guidelines available for 

standardisation of PRP preparation and use. Many protocols 

have been tried by various authors previously. Different 

methods of preparation may result in different platelet 

concentrations and each preparation may have different 

applications. For this reason, the development of autologous 

formulations with a controlled platelet counting appears to 

be challenging.11 The present study is proposed to develop a 

protocol for an optimised method of PRP preparation by 

standardisation of two different methods, namely tube 

method and syringe method. This will focus on desired 
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platelet yield in the produced product and will also contribute 

to future studies. 

 

MATERIALS AND METHODS 

The prospective comparative study was conducted in the 

Department of Immunohematology and Blood Transfusion, 

MGM Medical College and Hospital, Kamothe, Navi Mumbai 

for a period of 3 months from January 2017 to March 2017. 

The study was approved by the Institutional Ethical 

Committee. 

 

Blood Collection 

Blood samples were obtained from 10 healthy adult 

volunteers at MGM Hospital Blood Bank, Kamothe, Navi 

Mumbai. The volunteers comprised of 7 males and 3 females 

ranging in age from 20 - 45 years (Mean age 31.4 years). 

Informed consent was obtained from each volunteer before 

collecting the samples. 

161 mL of whole blood was withdrawn from each healthy 

volunteer using a butterfly needle. The whole blood to 

anticoagulant ratio was maintained as 1: 9. The tubes were let 

to stand for a minimum of half an hour. Out of 161 mL, 80 mL 

of whole blood was used for tube method, 80 mL for syringe 

method and 1 mL was taken in blood collection tube (BD 

Vacutainer). 

 

Platelet Rich Plasma Preparation 

Platelet rich plasma (PRP) is prepared by differential 

centrifugation, wherein acceleration force is adjusted to 

sediment certain cellular constituents based on different 

specific gravity. PRP can be prepared by the PRP method or 

by the buffy-coat method. In our study, PRP double 

centrifugation method was used. In this method, an initial 

centrifugation to separate red blood cells (RBC) is followed by 

a second centrifugation to concentrate platelets, which are 

suspended in the smallest final plasma volume.12 Flow chart 

of platelet rich plasma preparation by double centrifugation 

method is described in Figure 1. 

 

 
Figure 1. Double Centrifugation Process of PRP 

Preparation 

 

For tube method, four 20 mL borosilicate glass tubes 

containing 20 mL whole blood were prepared covered with 

sterile caps for first spin. Another four 20 mL glass tubes 

were prepared for second spin. Four variations of 

centrifugations were used for platelet rich plasma 

preparation- 

 A: 1100 rpm for 12 mins in first spin and 2100 rpm for 

10 mins in second spin. 

 B: 1200 rpm for 12 mins in first spin and 2000 rpm for 

10 mins in second spin. 

 C: 1400 rpm for 12 mins in first spin and 2000 rpm for 

10 mins in second spin. 

 D: 1500 rpm for 12 mins in first spin and 2000 rpm for 

10 mins in second spin. 

The tubes were placed in a refrigerated centrifuge 

(Cryofuge Heraeus 5500i) and were subjected to first light 

spin at 22°C. The whole blood on centrifugation got separated 

into red blood cells, white blood cells and platelet rich 

plasma. PRP was drawn off from the appropriate level and 

again centrifuged (second heavy spin) to separate the 

platelets at 22°C. Supernatant plasma was discarded and 

around 5 mL was left along with the platelet pellet. This PRP 

was transferred to a sterile tube and kept in platelet agitator 

for an hour [Figure 2 (i) and 2(ii)]. 

 

 
 

Figure 2. PRP Preparation by Tube Method 
 

Similarly, for syringe method, eight 50 mL sterile syringes 

were prepared with sterile caps for first and second spin 

having 20 mL blood in it. Another four variations of 

centrifugations were used for platelet rich plasma 

preparation- 

 a: 1200 rpm for 12 mins in first spin and 2200 rpm for 10 

mins in second spin. 

 b: 1200 rpm for 10 mins in first spin and 2500 rpm for 10 

mins in second spin. 

 c: 1100 rpm for 8 mins in first spin and 2500 rpm for 10 

mins in second spin. 

 d: 900 rpm for 8 mins in first spin and 2500 rpm for 10 

mins in second spin. 

The syringes were kept in buckets of refrigerated 

centrifuge (Cryofuge Heraeus 5500i) and were subjected to 

first light spin at 22°C. PRP was then transferred to another 

sterile syringe using a sterile connecting tube. This was again 

centrifuged (second heavy spin) to separate the platelets at 

22°C. The supernatant plasma was discarded and around 5 

mL is left along with the concentrated platelet. This PRP was 

then transferred to a sterile tube and kept in platelet agitator 

for an hour [Figure 3(i) and 3(ii)] 

 

 
Figure 3. PRP Preparation by Syringe Method 
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Platelet Count 

Platelet counts were obtained using 5-part haematological 

analyser (Celltac α, Nihon Kohden India Pvt. Ltd.) from whole 

blood samples and platelet rich plasma. In addition to platelet 

counts, one important parameter was also evaluated for the 

PRP samples, i.e. platelet increment (folds). Platelet 

increment was calculated using the following equation:9 

 

 
 

Statistical Methods 

The data was entered, tabulated and evaluated using 

Microsoft Excel and SPSS Software ver. 20. The mean platelet 

count and mean platelet increment (folds) were calculated for 

both syringe and tube methods. The results are mentioned as 

Mean ± Standard Deviation. The significance of differences 

between the platelet counts obtained by four protocols of 

tube method as well as syringe method were determined by 

ANOVA (Analysis of Variance) test. The significance of 

differences between the platelet counts of whole blood and 

PRP was determined by paired ‘t’ test. P value of < 0.05 was 

considered significant. The correlation between platelet 

counts and platelet increment was established by Pearson’s ‘r’ 

correlation coefficient, where the value range was +1 to -1. 

 

RESULTS 

During the 3-month study period, 10 whole blood samples 

were analysed for platelet rich plasma preparation by tube 

and syringe technique. The samples were collected from 

healthy adult volunteers. Among the 10 volunteers, 7 were 

males and 3 were females with age ranging from 20 - 45 years 

(Mean age 31.4 ± 7.91 years). 

The baseline whole blood platelet count ranged from 170 

x 103/µL to 403 x 103/µL with mean platelet count of 256.4 ± 

82.10 x 103/µL. 

The values of platelet count and platelet increment (fold) 

at different centrifugations by tube method are summarised 

in Table 1 and 2. It showed that mean platelet counts by four 

protocols of tube method were A (998.50 ± 350.38 x 103/µL 

at 1100 rpm for 12 mins in first spin and 2100 rpm for 10 

mins in second spin), B (1478.84 ± 424.83 x 103/µL at 1200 

rpm for 12 mins in first spin and 2000 rpm for 10 mins in 

second spin), C (1338.51 ± 382.11 x 103/µL at 1400 rpm for 

12 mins in first spin and 2000 rpm for 10 mins in second 

spin) and D (1067.80 ± 351.61 x 103/µL at 1500 rpm for 12 

mins in first spin and 2000 rpm for 10 mins) in second spin. 

The mean platelet increment was 2.86 ± 0.28 fold, 4.83 ± 0.34 

fold, 4.41 ± 0.27 fold and 2.89 ± 0.28 fold respectively. 

 

 
Platelet Count after Centrifugation 

(x103)/µL 

 

Baseline 

Platelet 

Count (x 

103)/µL 

A B C D 

Sample 1 203 653.66 1220.03 1057.63 789.67 

Sample 2 170 654.5 1050.6 952 736.1 

Sample 3 243 967.14 1397.25 1278.18 901.53 

Sample 4 141 509.01 829.08 781.14 589.38 

Sample 5 403 1624.09 2285.01 1970.67 1692.6 

Sample 6 314 1164.94 1657.92 1591.98 1199.48 

Sample 7 285 1128.6 1727.1 1422.15 1174.2 

Sample 8 342 1368 1788.66 1751.04 1497.96 

Sample 9 195 797.55 1195.35 1039.35 869.7 

Sample 

10 
268 1117.56 1637.48 1541 1227.44 

Mean 

Platelet 

Count 

256.40 998.50 1478.84 1338.51 1067.80 

Standard 

Deviation 
82.10 350.38 424.83 382.11 351.61 

A: 1100 rpm for 12 mins in first spin and 2100 rpm for 10 

mins in second spin 

B: 1200 rpm for 12 mins in first spin and 2000 rpm for 10 

mins in second spin 

C: 1400 rpm for 12 mins in first spin and 2000 rpm for 10 

mins in second spin 

D: 1500 rpm for 12 mins in first spin and 2000 rpm for 10 

mins in second spin 

Table 1. Platelet Count with Different Centrifugations by 

Tube Method 

 

 
Platelet Increment (Fold) 

A B C D 
Sample 1 2.22 5.01 4.21 2.89 
Sample 2 2.85 5.18 4.60 3.33 
Sample 3 2.98 4.75 4.26 2.71 
Sample 4 2.61 4.88 4.54 3.18 
Sample 5 3.03 4.67 3.89 3.20 
Sample 6 2.71 4.28 4.07 2.82 
Sample 7 2.96 5.06 3.99 3.12 
Sample 8 3.00 4.23 4.12 3.38 
Sample 9 3.09 5.13 4.33 3.46 

Sample 10 3.17 5.11 4.75 3.58 
Mean 

Platelet 
Increment 

2.86 4.83 4.41 2.89 

Standard 
Deviation 

0.28 0.34 0.27 0.28 

A: 1100 rpm for 12 mins in first spin and 2100 rpm for 10 
mins in second spin 

B: 1200 rpm for 12 mins in first spin and 2000 rpm for 10 
mins in second spin 

C: 1400 rpm for 12 mins in first spin and 2000 rpm for 10 
mins in second spin 

D: 1500 rpm for 12 mins in first spin and 2000 rpm for 10 
mins in second spin 

Table 2. Platelet Increment with Different Centrifugations 
by Tube Method 

 

Similarly, the values of platelet count and platelet 

increment (fold) at different centrifugations by syringe 

method are summarised in Table 3 and 4. It showed that 

mean platelet counts by four protocols of syringe method 

were ‘a’ (979.57 ± 376.54 x 103/µL at 1200 rpm for 12 mins 

in first spin and 2200 rpm for 10 mins in second spin), ‘b’ 

(782.71 ± 270.11 x 103/µL at 1200 rpm for 10 mins in first 

spin and 2500 rpm for 10 mins in second spin), ‘c’ (1177.23 ± 

409.75 x 103/µL at 1100 rpm for 8 mins in first spin and 2500 

rpm for 10 mins in second spin) and ‘d’ (1518.30 ± 508.71 x 

103/µL at 900 rpm for 8 mins in first spin and 2500 rpm for 

10 mins in second spin). The mean platelet increment was 

found to be 2.79 ± 0.40 fold, 2.02 ± 0.36 fold, 3.57 ± 0.35 fold 

and 4.88 ± 0.31 fold respectively. 
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Platelet Count after Centrifugation 

(x103 )/µL 

 

Baseline 
Platelet 
Count  

(x 103)/µL 

A B C D 

Sample 1 203 779.52 609 933.8 1187.55 
Sample 2 170 712.3 506.6 839.8 1035.3 
Sample 3 243 748.44 804.33 937.98 1472.58 
Sample 4 141 518.88 310.2 592.2 740.25 
Sample 5 403 1853.8 1108.25 2006.94 2377.7 
Sample 6 314 1161.8 1083.3 1372.18 1949.94 
Sample 7 285 1071.6 866.4 1339.5 1732.8 
Sample 8 342 1210.68 1111.5 1545.84 1952.82 
Sample 9 195 781.95 661.05 963.3 1072.5 
Sample 

10 
268 956.76 766.48 1240.84 1661.6 

Mean 
Platelet 
Count 

256.40 979.57 782.71 1177.23 1518.30 

Standard 
Deviation 

82.10 376.54 270.11 409.75 508.71 

a: 1200 rpm for 12 mins in first spin and 2200 rpm for 10 
mins in second spin 

b: 1200 rpm for 10 mins in first spin and 2500 rpm for 10 
mins in second spin 

c: 1100 rpm for 8 mins in first spin and 2500 rpm for 10 mins 
in second spin 

d: 900 rpm for 8 mins in first spin and 2500 rpm for 10 mins 
in second spin 

Table 3. Platelet Count with Different Centrifugations by 
Syringe Method 

 

 
Platelet Increment (fold) 

A B C D 
Sample 1 2.84 2.00 3.60 4.85 
Sample 2 3.19 1.98 3.94 5.09 
Sample 3 2.08 2.31 2.86 5.06 
Sample 4 2.68 1.20 3.20 4.25 
Sample 5 3.60 1.75 3.98 4.90 
Sample 6 2.70 2.45 3.37 5.21 
Sample 7 2.76 2.04 3.70 5.08 
Sample 8 2.54 2.25 3.52 4.71 
Sample 9 3.01 2.39 3.94 4.50 

Sample 10 2.57 1.86 3.63 5.20 
Mean 

Platelet 
Increment 

2.79 2.02 3.57 4.88 

Standard 
Deviation 

0.40 0.36 0.35 0.31 

a: 1200 rpm for 12 mins in first spin and 2200 rpm for 10 
mins in second spin 

b: 1200 rpm for 10 mins in first spin and 2500 rpm for 10 
mins in second spin 

c: 1100 rpm for 8 mins in first spin and 2500 rpm for 10 mins 
in second spin 

d: 900 rpm for 8 mins in first spin and 2500 rpm for 10 mins 
in second spin 

Table 4. Platelet Increment with Different Centrifugations 
by Syringe Method 

 

In tube method, the statistical differences between the 

protocols A, B, C and D were significant (p < 0.05) by ANOVA 

test, hence protocol ‘B’ (1200 rpm for 12 mins in first spin 

and 2000 rpm for 10 mins in second spin) was chosen as 

standardised protocol. Similarly, with Syringe method, 

protocols a, b, c and d showed significant statistical 

differences (p < 0.05) by ANOVA test, hence protocol ‘d’ (900 

rpm for 8 mins in first spin and 2500 rpm for 10 mins in 

second spin) was chosen as standardised protocol. The 

platelet counts of whole blood and PRP obtained by tube 

method as well as the syringe method showed a significant 

statistical difference (p < 0.05) using paired ‘t’ test. The 

platelet counts and platelet increment obtained by the chosen 

protocols of both tube and syringe technique showed no 

statistical difference on comparison (p > 0.05) by ANOVA test. 

A positive correlation (value, r= 1) by Pearson’s correlation 

coefficient was seen between the platelet counts and platelet 

increment obtained by both the methods. 

Hence, the reliable and practical platelet rich plasma 

preparation protocol was found to be 1200 rpm for 12 mins 

in first spin and 2000 rpm for 10 mins in second spin for tube 

method and 900 rpm for 8 mins in first spin and 2500 rpm 

for 10 mins in second spin for syringe method in our setup. 

 

DISCUSSION 

Platelet rich plasma (PRP) is an autologous product, which 

contains many growth factors. These factors are required for 

wound healing and tissue repair. There are very few studies 

to determine the clinical benefits of platelet rich plasma. Also, 

there are only few studies to ascertain the preparation 

methods of PRP and their standardisation. However, 

understanding the differences in PRP preparations is 

essential when interpreting the clinical study results. 

Currently, different clinical settings have defined their own 

protocol for PRP preparation and no standard protocol of PRP 

preparation has been established as yet. Hence, many studies 

are required to be done to investigate the efficacy of 

standardised preparations of Platelet Rich Plasma (PRP).13 

Platelet rich plasma can be prepared by single 

centrifugation protocol or double centrifugation protocol.3 

Like various other studies, our study is based on double 

centrifugation protocol to identify maximum platelet 

enrichment upon PRP preparation. 

The three major variables that affect the recovery of cells 

from the whole blood by double centrifugation protocol are 

rotor size, speed and duration of centrifugation. These are 

important in determining the quality and clinical 

effectiveness of platelet concentrate preparations. The rotor 

size is constant for a given centrifuge, but if the radius 

becomes altered by any method the centrifugal force must be 

calculated by real radius. Hence, we standardised our 

protocols by altering the other two variables, i.e. the speed 

and the duration of centrifugation.3,14,15 Using the hit and trial 

method, the speed and duration of centrifugation were 

formulated and the protocols were defined according to our 

centrifugation conditions. The speed was kept lower, as 

higher speed may affect the platelet functionality. 

In our study, we prepared PRP by tube method and 

syringe method. In both of these methods, four different 

protocols of varying speed and duration of centrifugation 

were used. The first centrifugation was kept at lowest speed 

and shortest time, as it was aimed to separate red blood cells 

from other component of whole blood. Thereafter, the second 

centrifugation was kept at high speed and longer, as it was 

aimed to separate platelets from plasma. With higher speed 

and longer time, more platelets will be precipitated.14,16 

We found that the mean platelet increment was 4.83 ± 

0.34 for tube method when centrifuged at 1200 rpm for 12 

mins in first spin and 2000 rpm for 10 mins in second spin. 
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For syringe method, we found that the mean platelet 

increment was 4.88 ± 0.31 at 900 rpm for 8 mins in first spin 

and 2500 rpm for 10 mins in second spin in our setup. Our 

results were found to be comparable with the results of other 

studies. Pourmokhtar et al concluded that 2100 ×g for 2.30 

mins in the first centrifugation step and 4150 ×g for 6 mins in 

the second centrifugation step yielded the greatest platelet 

recovery and the highest enrichment capacity.3 Mazzocca et al 

analysed three protocols for preparing PRP samples with 

different compositions: a low platelet (382 × 103/mm3) and 

low WBC (0.6 × 103/mm3) process with one spin step at 1500 

rpm for 5 mins (10 mL WB); a high platelet (940 × 103/mm3) 

and high WBC (17 × 103/mm3) process with one spin step at 

3200 rpm for 15 mins (27 mL WB) and a double-spin process 

(1500 rpm for 5 mins and 6300 rpm for 20 mins) that 

produced a higher platelet concentration (472 × 103/mm3) 

and lower WBC (1.5 × 103/mm3).4 In another study by 

Bausset et al, the mean platelet concentration factor of 3.47 

was found on two serial 15 mins centrifugations of 

anticoagulated whole blood at 130 and 250 × g successively, 

which was optimal for platelet functionality and growth 

factor release capacity.11 Similarly, Dhurat et al found that at 

900 g x 5 mins for 1st centrifugation and 1000 g x 10 mins for 

2nd centrifugation at 16° C in a refrigerated centrifuge, the 

PRP yield was found to be optimum. The authors have 

consistently recorded platelet count exceeding 10 lakhs/mL 

using these parameters.12 Perez et al observed that the 

efficient conditions for platelet recovery are low centrifugal 

acceleration (close to 100 × g, 10 minutes) in the first spin 

and around 400 × g in the second spin for preventing effects 

on activating platelets.17 

Some limitations to the study were also observed. The 

borosilicate tubes needed to be autoclaved every time for use. 

If not sealed properly, the sterility of the product would be 

breeched. This could overcome by use of sterile and 

disposable syringes. Also baseline platelet value varies from 

person to person, which leads to difficulty in suggesting the 

fixed concentrations and clinical benefits.7 In all the 

techniques used for PRP preparation in our study are cost 

effective and can be implemented according to the set up 

since not much statistical variation was found in final 

standardised protocols obtained by both the methods. 

However, syringe method is still preferable due to its sterile 

condition being a closed system. These techniques further 

require minimal training of the staff and utilise minimum 

time for preparation. 

 

CONCLUSION 

Our study determined the protocols for PRP preparation by 

two simple and cost-effective techniques. We found that out 

of the two procedures, PRP preparation by syringe method 

was more effective in terms of platelet increment and sterility 

in our setup. This study may be useful for various settings 

where commercial kits cannot be used due to higher cost. 

Also, it may be beneficial for future researches in this field as 

a defined protocol of PRP preparation and clinical benefits 

are still needed to be explored. 
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