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SUMMARY
OBJECTIVE: Clinical studies claim that platelet-rich plasma (PRP) accelerates tissue healing due to its high concentration of growth 

factors and that the combination with leukocytes improves the antimicrobial effect of the concentrate. Most of these studies obtained 

PRP using different separation systems, and few analyzed the content of the PRP used for treatment. This study characterized the 

composition of PRP and white blood cells (WBC) from a single donor produced by three commercially available PRP separation systems 

and two anticoagulated general analytical tubes.

METHODS: Five patients donated 50 mL of blood, which was processed to produce PRP and WBC using three PRP concentration 

systems (i.e., Easy PRP Kit, GloPRP, and Wego) and two tubes for general analysis anticoagulated with ethylenediaminetetraacetic 

acid (EDTA) and citrate. Platelets and WBC in combination with their concentrates were analyzed by automated systems in a 

clinical laboratory.

RESULTS: There were no significant differences in the average concentrations of PRP platelets and WBC between GloPRP and the tubes 

for general analysis with EDTA and citrate; however, the Easy PRP Kit gave results much superior to the rest of the methods, especially 

comparing it with the Wego Kit, whose concentrates were especially low, even nonexistent for WBC.

CONCLUSIONS: The Easy PRP Kit concentrates WBC-rich PRP, resulting in increased WBC concentrations, compared with low WBC-low 

PRP of GloPRP and general tube methods for EDTA and citrate analysis and the even lower concentration of PRP from the Wego Kit, 

with the absence of leukocytes.
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INTRODUCTION
Platelet-rich plasma (PRP) is a blood product formed by con-
centrating platelets in a small volume of plasma and is used for 
a wide variety of applications1. 

The mechanism of action of PRP is unknown; however, 
the release of high concentrations of growth factors from plate-
let alpha granules as platelets degranulate is believed to play 
a critical role2.

The PRP was first recognized as an effective agent for bone 
and tissue repair within the field of dentistry and oral maxil-
lofacial surgery3. Its applicability then spread to the fields of 
plastic surgery by demonstrating an evidence of improved skin 
graft wound healing4,5.

A number of commercial systems are available that result 
in platelet products with a wide range of platelet and leukocyte 
concentrations, although there is limited information available 
regarding the optimal platelet and leukocyte contents necessary 
to achieve a desired biological effect, and it may be that specific 
products are better for certain applications6.

There is no single definition for PRP in the literature, and 
the “PRP” products include wide ranges of platelet and leuko-
cyte concentrations that reflect the various separation methods 
and the lack of consensus on specific composition of the final 
product, and furthermore, platelet numbers are the primary 
concern, but optimal leukocyte concentrations in PRP is a 
topic of discussion in this study6,7. 

Platelet concentrations in PRP commonly range from a 3- 
to 5-fold increase over whole blood (WB) or a minimum con-
centration of 300,000–1,000,000 platelets/mL8. 

Therefore, the purpose of this study was to assess the con-
centration of platelets and white blood cells (WBC) of PRP 
produced by three new commercial systems and two tubes for 
general analytical tests, in order to verify if the kits reach the 
minimum concentration and if the tubes for general analytical 
tests are also capable of achieving it, or if, on the contrary, it is 
necessary to resort to the commercial systems created to alka-
lize the ideal concentrations, and the tubes for general analy-
sis are not useful in order to concentrate platelets and WBC.

METHODS

Participant recruitment
Five healthy volunteers (i.e., two men and three women, aged 
31–64 years) who were patients at the 2010 Podiatric Clinic, León, 
Spain were invited to participate in this study. Individuals were 
free from all chronic illnesses and not taking any regular medica-
tion, including aspirin and nonsteroidal anti-inflammatory drugs. 
Prior to recruitment, the objectives and procedures involved in this 

study were explained to participants, and each signed an informed 
consent form. All individuals fulfilled the inclusion criteria and 
consented to be included as participants in this study.

Challenge PRP production 
methods and PRP preparation

Blood (60 mL) was collected by venipuncture from the antecu-
bital vein of each donor using a 21 G×1.9 cm butterfly needle 
(BD Vacutainer, Franklin Lakes, NJ). WB was drawn into two 
plain 4.5-mL BD Vacutainer ethylenediaminetetraacetic acid 
(EDTA) tubes, two plain 4.5-mL BD Vacutainer sodium citrate 
(SC) 3.2% tubes, and SC pre-filled syringes of the three com-
mercial blood separation systems, namely, the classic PRP Kit 
(cl-PRP Kit) based on gel PRP tubes (Wego, Shenzhen, China), 
the Easy PRP KitÒ (Mesotech, Naples, Italy), and GloPRPÒ 
(Glofin, Ösalo, Finland) systems. An additional 2 mL of WB 
was collected into an EDTA tube to determine the basal count 
of platelets and leukocytes (WBC) in WB, including neutrophils, 
lymphocytes, and monocytes among WBC fractions (Echevarne 
Laboratory, HM San Francisco Hospital, León, Spain). 

The PRP preparation technique was adapted from previously 
published methods9-11 and following the indications of the man-
ufacturer’s kits. All PRP protocols were based on a single-centrifu-
gation step for 5–10 min (Nahita centrifuge, Ibor Médica, Spain), 
except for Glo-PRP system for which a double centrifugation pro-
cess (1,200×g for 5 min followed by 1,200×g for 10 min) was used. 
After centrifugation, all tubes and systems were allowed to rest 
for 5 min to facilitate the settling of platelets onto the buffy coat. 
The PRP was collected using a needle attached to a 5-mL syringe 
measuring 21 G×40 mm under the naked eye visualization. With 
the tube stoppers removed, the needle tip was positioned so as to 
just touch the buffy coat. The syringe plunger was gently raised 
to vacuum up the platelets on the buffy coat, and the needle tip 
was slowly moved along the buffy layer12.

A total volume of 0.3–0.5 mL buffy coat was extracted from 
each tube into the collection syringe. A total PRP of 2.0–2.5 
mL per participant was collected and transferred into an EDTA 
tube for analysis. The number of platelets and WBC present 
in the venous blood and the PRP were determined. The ratio 
of platelet levels in PRP to venous blood (PRP:WB ratio) was 
calculated to determine the ability of the current method to 
concentrate platelets and WBC12. The platelet and WBC anal-
yses, both in the WB (baseline) and after centrifugation by the 
five methods of preparing PRP, were measured in milliliters.

Statistical analysis
The descriptive analysis of the characteristics of participants was 
performed. Continuous variables were reported using mean and 
standard deviation as well as lower and upper limits for a 95% 
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confidence interval (95%CI) or median and interquartile range 
(IQR). The categorical data were presented as frequencies and 
percentages. A repeated-measures one-way ANOVA followed by 
the Dunnett’s multiple comparison test and ANOVA followed by 
the Tukey’s multiple comparison test were performed to determine 
the differences in platelets and WBC contents between the WB 
and PRP obtained by each concentrator method and between 
systems used in this study, under the assumption that all the data 
suitably measured followed an approximately Gaussian distribu-
tion according to the Shapiro-Wilk normality test.

For all analyses, a value of p<0.05 was considered statistically 
significant. The data obtained were analyzed using GraphPad 
Prism version 8.0.0 for Windows (GraphPad Software, San 
Diego, CA, USA).

RESULTS
Five healthy patients were recruited, according to the sample 
size of the previous studies6 with an average age of 47.40±15.58 
years (95%CI 28.03–66.76 years) and a body mass index of 
28.79±4.81 (95%CI 22.82–34.77). 

The platelet and WBC counts in WB and in the PRP obtained 
with each system are summarized in Table 1. All methods, except 

the cl-PRP system, significantly increased WB platelet density 
(i.e., Easy PRP Kit and citrated tubes, p<0.0001; EDTA tubes, 
p=0.001; and the GloPRP system, p=0.011). However, the 
mean increase in the platelet factor (PRP:WB ratio) provided 
by the Easy PRP Kit system was much greater (by 3.56 times 
versus 1.36–2.03 times basal platelets for Easy PRP Kit versus 
the other methods; p<0.05) (Figure 1), reaching a significantly 
higher PRP platelet concentration than the other blood con-
centration methods. The platelet density achieved in the PRP 
was not significantly different between EDTA tubes, citrated 
tubes, GloPRP, or cl-PRP systems. The mean increase in the 
WBC factor was relatively less. The Easy PRP Kit system also 
showed the highest PRP:WB ratio (2.41 times versus 0.00–
1.13 times baseline WBC for Easy PRP Kit versus all other sys-
tems), reaching WBC densities significantly higher than WB 
and those obtained with any other system. The cl-PRP system 
did not concentrate WBC, and the densities reached by the 
rest of the systems were not significantly different from those 
measured in WB (Figure 1). 

As shown in Figure 2, the concentration PRP:WB ratio 
for the different WBC fractions was markedly different among 
systems, being lower for neutrophils compared with lympho-
cytes and monocytes.

Table 1. Platelet and white blood cells count (cells×106/mL) in whole blood and platelet-rich plasma obtained by different 
concentrator methods.

Platelets WBC

Mean±SD Median
p

Mean±SD Median
p

(95%CI) (IQR) (95%CI) (IQR)

WB
291.00±64.09* 304.00

0.81
8.02±2.12† 7.53

0.05
(211.43–370.57) (122.50) (5.38–10.65) (3.03)

Easy PRP Kit
1008.00±224.12‡ 1023.00

0.99
18.53±4.45§ 18.60

0.40
(729.33–1286.00) (398.52) (13.01–24.05) (8.82)

EDTA tube
573.19±127.49 582.14

0.99
8.72±2.09 8.76

0.40
(414.88–731.49) (226.63) (6.12–11.32) (4.15)

Citrated tube
613.79±147.80 670.95

0.51
8.28±1.99 8.31

0.40
(430.28–797.31) (279.39) (5.81–10.74) (3.94)

GloPRP system
468.97±104.31 476.30

0.99
8.16±1.96 8.20

0.40
339.45–598.49 (185.43) (5.73–10.60) (3.89)

cl-PRP
384.61±85.55 390.62

0.99
0.0±0.0// 0.0

–
(278.39–490.83) (152.07) (0.0–0.0) (0.0)

*p<0.0001 versus Easy PRP Kit and citrated tube, p=0.001 versus EDTA tubes and p=0.011 versus GloPRP system; †p<0.0001 versus Easy PRP Kit and 
cl-PRP; ‡p<0.0001 versus GloPRP and cl-PRP, p=0.0011 versus EDTA tube and p=0.0031 versus citrated tube; §p<0.0001 versus all methods; //p≤0.0005 
versus EDTA tube, citrated tube, and GloPRP.
SD: standard deviation; CI: confidence interval; IQR: interquartile range; p: Shapiro-Wilk test with a statistical significance for a p-value<0.05, with a 
95%CI; WB: whole blood; PRP: platelet-rich plasma; EDTA: ethylenediaminetetraacetic acid.
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Figure 1. Fold change of platelets and white blood cells versus basal whole blood (platelet-rich plasma:whole blood ratio) in 
the concentrates obtained by each blood separation method (mean±standard deviation). Platelet-rich plasma:whole blood 
ratio of 1; no cell concentration. 

*p≤0.0192 versus all methods. +p≤0.0026 versus all methods. #p≤0.013 versus EDTA tube, citrated tube, and GloPRP. 
WBC: white blood cells; WB: whole blood; PRP: platelet-rich plasma; SD: standard deviation; EDTA: ethylenediaminetetraacetic acid.

Figure 2. The efficiency of the different blood separation methods to concentrate neutrophils, lymphocytes, and monocytes. 
(A) Platelet-rich plasma:whole blood ratio. (B) Box plot (minimum to maximum) of cell count (×106/mL) recovered from each 
concentrate (median: line in the middle of the box; mean: +).
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*p≤0.0065 versus all methods; +p≤0.0148 versus EDTA tube, citrated tube, and cl-PRP. &p≤0.014 versus EDTA tube, citrated tube, and cl-PRP. 
#p≤0.0195 versus EDTA tube, citrated tube, and GloPRP. ap<0.0001 versus Easy PRP Kit and cl-PRP, p=0.033 versus GloPRP; bp<0.0001 versus Easy 
PRP Kit and cl-PRP, p=0.0024 versus GloPRP; cp<0.001 versus Easy PRP Kit and cl-PRP; dp≤0.0014 versus all methods for WBC fractions; ep≤0.0036 
versus cl-PRP for WBC fractions; fp≤0.0058 versus cl-PRP for WBC fractions; gp≤0.013 versus cl-PRP for lymphocytes and monocytes. 
WBC: white blood cells; WB: whole blood; PRP: platelet-rich plasma; EDTA: ethylenediaminetetraacetic acid.
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DISCUSSION
In this study, we demonstrated a general difference in the platelet 

factor increase and platelet recovery rates in the PRP concentrated 
by the commercial Easy PRP Kit and the remaining PRP prepar-
ing methods, which was a surprising finding given that the starting 
blood volume (i.e., 11 mL for Easy PRP Kit, 9 mL for GloPRP 
and the cl-PRP Kit, and 8 mL for EDTA and citrate general ana-
lytical tubes) and the centrifugation patterns (i.e., rotation force 
and the number of centrifugation steps) used were similar to other 
methods used or even more unfavorable (i.e., GloPRP used two-
step centrifugation procedure to prepare PRP), producing equal 
volumes of PRP (2 mL). However, both arguments alone do not 
explain the performance of Easy PRP Kit system, since with the 
increase of only 3 mL of blood volume, it concentrated between 40 
and 60% more platelets than the others, and the centrifugal force 
accommodated was identical for different methods. Thus, based 
on the recent theoretical predictions by Piao et al. to establish the 
optimal conditions for PRP preparation, we believed that both 
the geometry of the device and the use of relatively short spinning 
times (4–5 min) play an important role in the recovery rates of the 
platelets13. However, it is important to note that the increase in 
the platelet factor for the Easy PRP Kit system in this study (3.56 
times the basal platelet count) was far from the system efficiency 
displayed by the manufacturer (7–9 times). Consequently, the 
skill of the clinician and the familiarity with the use of the device 
are the essential factors to predict the platelet capture efficiency 
of the different PRP separation systems in the clinical setting and, 
thus, to be able to satisfactorily advise patients on the PRP con-
tent provided by each one of them.

Interestingly, both tube-based methods, which achieved 
between 56 (EDTA) and 60% (SC) of the total platelets con-
centrated by the Easy PRP Kit system, exhibited a higher effi-
ciency than the commercial GloPRP systems (i.e., 46% of the 
total platelets recovered by Easy PRP Kit), which included a 
two-step centrifugation process, or the cl-PRP Kit (38%) to 
concentrate platelets. These results confirm that the antico-
agulant incorporated into the system modifies the efficiency 
of the separation and concentration of the blood fractions as 
previously described by Amaral et al.14 Furthermore, since all 
systems were anticoagulated with SC, the use of EDTA as anti-
coagulant would result in a particularly low platelet recovery 
rate for the GloPRP and the classic PRP Kit.

In this study, we also found a significant difference in the 
WBC obtained by each blood separation method. The Easy 
PRP Kit system again demonstrated the highest increase in the 
WBC factor, achieving WBC densities significantly higher than 
those measured in WB. In contrast, leukocytes in the concen-
trates obtained by the blood tube collection-based methods 
or by GloPRP produced virtually no increase from WB levels. 

This study revealed that regardless of the specific efficien-
cies of each system, the cell concentration factor was blood cell 
size dependent; the smaller the blood cell size, the greater the 
concentration factor. Apart from platelets, highly concentrated 
based on the size, the concentration factor among leukocytes was 
higher for lymphocytes>monocytes>neutrophils. Neutrophils, 
along with monocytes/macrophages, are the effectors of the 
expected innate immune response of the WBC fraction and 
have a greater representation in WB and higher microbicidal 
activity in comparison15. Thus, this cell size-based efficiency, 
which implies an overrepresentation of lymphocyte fraction in 
the WBC extract, would be suitable for our therapeutic expec-
tations with WBC if methods with poor efficiency in WBC 
concentration, such as EDTA or SC tubes or GloPRP system, 
were used. These methods significantly concentrated lympho-
cytes, but decreased the basal neutrophil concentration in WB. 
For this reason, if we are truly interested in the clinical use of 
platelets in combination with “leukocytes,” it would be highly 
recommended to know in advance the concentration power of 
the system for the different WBC fractions.

CONCLUSION
The Easy PRP Kit concentrates WBC-rich PRP, resulting in 
increased WBC concentrations, compared with low WBC-
low PRP of GloPRP and general tube methods for EDTA and 
citrate analysis and the even lower concentration of PRP from 
the Wego Kit, with the absence of leukocytes.
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