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Abstract
BACKGROUND 
The evaluation of the efficacy of platelet-rich plasma (PRP) in clinical practice 
yields conflicting results and raises numerous controversies. This may be due to 
different concentrations of biologically active components in PRP obtained with 
the use of different methods of gravity separation.

AIM 
To compare the content, repeatability and correlations between biologically active 
components in PRP obtained with four different commercial systems.

METHODS 
From a whole blood sample of each of 12 healthy male volunteers, 4 PRP samples 
were prepared using 4 different commercial kits [Arthrex Autologous Condi-
tioned Plasma (ACP), Mini GPS III, Xerthra, Dr. PRP] in accordance with the 
instructions provided by the manufacturers. A comparative analysis of blood cell 
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components - 13 selected inflammatory cytokines and 7 growth factors - in the obtained PRP 
samples was performed using the Kruskal-Wallis test by ranks. The repeatability of results in each 
method was evaluated by the estimation of the coefficient of variation. The Spearman correlation 
was used to estimate the relationship between blood cell content and cytokines.

RESULTS 
Significantly higher concentrations of platelets (PLT), white blood cells (WBC) and red blood cells 
(RBC) were found in PRP obtained with the use of Mini GPS III than in PRP obtained using other 
systems. Significant differences in the content of growth factors and cytokines in PRP were found. 
A positive correlation of the amount of PLT, RBC and WBC with the concentration of most of the 
growth factors was found but in only three inflammatory cytokines. The obtained correlations 
between blood cell components and cytokines differed between the systems in terms of statistical 
significance, which may be due to insufficient sample size. The repeatability of the obtained PLT 
concentration also varied between protocols with the lowest in Xerthra and the highest in Arthrex 
ACP.

CONCLUSION 
Significant differences in the content of biologically active components and their repeatability were 
found in PRP obtained by various methods, providing new data for further research.

Key Words: Platelet-rich plasma; Cytokines; Chemokines; Growth factors

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The presented study showed important differences between blood cell components and levels of 
selected growth factors and inflammatory cytokines in platelet-rich plasma obtained with four different 
commercial preparation systems in a single-donor model. The range of cytokines analyzed far exceeded 
the ranges investigated in earlier publications. This was also the first study to pay attention to the repeat-
ability of the quality of the obtained platelet-rich plasma (PRP). New positive correlations were found 
between platelet content in PRP and several cytokines (Hepatocyte growth factor, Interleukin-1β, 
Monocyte chemoattractant protein-1, Interleukin-8, Interleukin-18). The demonstrated positive correlation 
between red blood cell content in PRP and cytokines has never been described before.

Citation: Dejnek M, Witkowski J, Moreira H, Płaczkowska S, Morasiewicz P, Reichert P, Królikowska A. Content 
of blood cell components, inflammatory cytokines and growth factors in autologous platelet-rich plasma obtained 
by various methods. World J Orthop 2022; 13(6): 587-602
URL: https://www.wjgnet.com/2218-5836/full/v13/i6/587.htm
DOI: https://dx.doi.org/10.5312/wjo.v13.i6.587

INTRODUCTION
Autologous platelet-rich plasma (PRP) therapy is a method known for many years used in the treatment 
of various diseases. Nowadays, despite numerous controversies, it is widely used, especially in aesthetic 
medicine, orthopedics and sports medicine[1-6]. The method involves preparation from the patient's 
blood sample of plasma with a concentration of platelets higher than physiological and then its injection 
into pathological tissues[2,6-8].

In the human body, platelets are involved in the repairing processes, inter alia, by releasing different 
cytokines including growth factors from their α granules[2,6,9-11]. Inflammatory cytokines have also an 
important role in the initiation of the healing process, chemotaxis and keratinocyte proliferation but 
their excess can impair regeneration[12].

The essence of treatment with PRP is to accelerate the repairing processes by delivering a high 
concentration of platelet-derived growth factors and other cytokines directly to the affected area[6,13]. 
Attempts have been made to use PRP for treating diseases in which the repairing processes are impaired 
or when PRP was expected to accelerate healing as much as possible. This applies especially to chronic 
overuse injuries such as enthesopathies or tendinopathies, to the acceleration of the healing process of 
many different sports injuries of ligaments, tendons and muscles but also to bone union disorders and 
hard-healing wounds[6,13-16]. Intraarticular PRP injections used in osteoarthritis may be beneficial in 
the alleviation of chronic pain helping to increase the physical activity of patients[4,17-19].

https://www.wjgnet.com/2218-5836/full/v13/i6/587.htm
https://dx.doi.org/10.5312/wjo.v13.i6.587
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The production of autologous platelet-rich plasma using commercial kits is a fast, convenient, 
affordable and safe way to obtain high concentrations of the desired growth factors[13,20]. By now it is 
known that too low platelet concentration is insufficient to induce a tissue response but too high a 
concentration can even have some negative impact on tissue healing[21,22].

There is an increasing number of manufacturers providing commercial kits that enable the quick, 
easy and safe preparation of PRP in an outpatient setting. Such kits differ from one another by some 
parameters such as the amount of material collected from the patient, the type of anticoagulant, the 
structure of the separator, the time and speed of centrifugation, the method of extraction and activation 
of the obtained plasma. They also differ in the assumed concentration that they allow to obtain and the 
presence of leukocytes in the final product[2,20,23-25]. Such a multitude of variables makes it impossible 
to reliably assess the effectiveness of therapies with different autologous platelet-rich plasma prepar-
ations without providing detailed information[21]. Furthermore, only a small number of studies on 
relatively small populations have shown significant differences in the desired cytokine content by 
testing only a few from many commercially available PRP systems. Despite many years of clinical use of 
PRP, there is still a remarkable scarcity of relevant and reliable information about its biologically active 
compounds. This lack of information was the main reason for the previous preliminary study conducted 
by the present authors[26]. Its results encouraged the authors to expand the study with a larger 
population and a greater amount of analyzed cytokines.

MATERIALS AND METHODS
Study aim, design and setting of the study
The goal of this study was to compare the content of blood cell components, selected inflammatory 
cytokines and selected growth factors in PRP samples obtained with the use of various commercial kits, 
to find any correlations between those biologically active components and to establish their repeatability 
within each method.

The study was designed as a single-center prospective non-randomized case-series descriptive 
laboratory study and was conducted in a medical university laboratory in the autumn of 2020 by 
clinicians from the Department of Trauma and Hand Surgery and the Department of Sports Medicine in 
cooperation with laboratory researchers from the Faculty of Pharmacy.

It was conducted in accordance with the standards of Good Clinical Practice. The study was 
approved by the institutional bioethics committee. All participants signed informed consent to 
participate in the study. The study followed the Minimum Information for Studies Evaluating Biologics 
in Orthopedics (MIBO) guidelines[27].

Characteristics of participants
The study involved 12 healthy male volunteers, aged 24-35 years (mean ± SD, 28.92 ± 3.15 y.o.). The 
mean height, body weight and body mass index were 182.42 ± 5.14 cm, 86.92 ± 8.73 kg and 26.16 ± 2.83 
kg/m², respectively. The inclusion criteria were: the age of 20-35 years, the absence of serious diseases 
and conditions that could affect the amount and function of blood cell components (in particular 
diabetes, blood dyscrasia, inflammatory conditions, cancer, pre-existing joint pathologies). Volunteers 
who, in the two weeks preceding the study, were taking drugs that may interfere with the function of 
platelets or may affect the quantity or quality of blood cell components (in particular antiplatelet or anti-
inflammatory drugs) were excluded from the study.

Each volunteer, after signing the informed consent, was asked to complete a questionnaire with 
personal information about age, height, weight, diseases, medications, sports activities and nicotine 
addiction. A vast majority of the respondents (91.67%) declared practicing sports at least once a week, 
and none of them regularly smoked cigarettes.

PRP preparation
Four commercially available systems for the preparation of PRP intended for use in orthopedics and 
sports medicine were selected: the Arthrex Autologous Conditioned Plasma (ACP) Double Syringe 
System (Arthrex Inc., United States), the Mini GPS III Platelet Concentration System (Biomet Inc., United 
States), the Xerthra PRP kit (Biovico Sp. z o.o., Poland), Dr. PRP (Rmedica, Republic of Korea).

Following the principles of asepsis, 74 mL of whole blood was collected and divided immediately 
into:

- 2 mL to a probe with ethylenediaminetetraacetic acid (EDTA).
- 13.5 mL to a double-syringe with 1.5 mL of anticoagulant citrate dextrose solution A (ACD-A) from 

Arthrex ACP.
- 27 mL to a syringe with 3 mL of ACD-A for the Mini GPS III kit.
- 13.5 mL to a syringe with 1.5 mL of 3.13% sodium citrate for the Xerthra kit.
- 18 mL to a syringe with 2 mL of 3.13% sodium citrate for the Dr. PRP kit.
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The four samples of liquid-form PRP were prepared simultaneously from blood obtained from each 
volunteer using 4 different commercial kits according to the manuals provided by the manufacturers. 
The main characteristics of the PRP protocols are listed in Table 1 and illustrated in Figure 1.

Analysis of blood cell composition
First, the whole blood samples collected for EDTA were analyzed. The time between blood draw, PRP 
processing, extraction and activation did not exceed 1 h. All preparations were conducted in daylight 
and at room temperature. The whole blood count and blood cell composition of PRP samples were 
analyzed using an automatic laboratory analyzer Mindray BC-5150 (Shenzhen Mindray Bio-Medical 
Electronics Co., PRC) which needs 20 µL for each analysis. Immediately after PRP preparation, each 
sample was transferred into Eppendorf polypropylene tubes and then shaken gently for 30 s directly 
before analysis. Platelet capture efficiency (PCE) was calculated with the formula below, described 
previously by J. Magalon[23].

PCE (%) = [Volume of PRP obtained (mL) × platelet concentration in PRP (G/L)]/[Net volume of 
whole blood collected (mL) × platelet concentration in whole blood (G/L)].

Platelet activation and sample storage
The remaining PRP (1 ml) was dispensed into Eppendorf polypropylene tubes and then activated 
through a double freeze-thaw process (30 min for each step) according to the procedure described by R. 
Zimmermann[25]. The activated samples were frozen to the temperature of -80 °C and stored for further 
analysis.

Analysis of the content of inflammatory cytokines and growth factors
The samples were thawed to room temperature and centrifuged for 5 min at 2500 revolutions per 
minute in a Micro Star 17 microcentrifuge (VWR International Company, Thermo Electron LED, 
Germany) immediately before performing the composition analysis of selected cytokines using flow 
cytometry.

A LEGENDplexTM Custom Human 7-plex Panel (BioLegend, United States) was used to quantify the 
following platelet growth factors:

- Transforming Growth Factor-β1 (TGF-β1, free active).
- Epidermal growth factor (EGF).
- Fibroblast Growth Factor- basic (FGF-basic).
- Vascular endothelial growth factor (VEGF).
- Hepatocyte growth factor (HGF).
- Platelet-Derived Growth Factor-AA (PDGF-AA).
- Platelet-Derived Growth Factor-BB (PDGF-BB).
LEGENDplexTM Human Inflammation Panel 1 (BioLegend, United States) was used to quantitatively 

measure 13 human inflammatory cytokines:
- Interleukin-1β (IL-1β).
- Interferon-α2 (IFN-α2).
- Interferon-γ (IFN-γ).
- Tumor Necrosis Factor α (TNF-α).
- Monocyte Chemoattractant Protein-1 (MCP-1; CCL2).
- Interleukin-6 (IL-6).
- Interleukin-8 (CXCL8).
- Interleukin-10 (IL-10).
- Interleukin-12p70 (IL-12p70).
- Interleukin-17A (IL-17A).
- Interleukin-18 (IL-18).
- Interleukin-23 (IL-23).
- Interleukin-33 (IL-33).
BioLegend’s LEGENDplexTM assays are bead-based multiplex immunoassays that use fluorescence-

encoded beads and flow cytometer measurements. The concentrations of particular cytokines were 
determined by means of a standard curve generated during the performance of the test. The analyses 
were conducted according to the manufacturer’s procedure. The samples were acquired on CyFlow 
SPACE and CyFlow CUBE flow cytometer (Sysmex-Partec, Germany) using a 488 nm laser with a 
536/40 (BP) filter for the PE fluorochrome, and a 638 nm laser with 675/20 (BP) for the APC fluoro-
chrome. The results were analyzed with LEGENDplexTM Data Analysis Software V.8.0 (Vigene Tech Inc., 
United States).

Statistical analysis
The results were statistically analyzed using Statistica 13.3 software (TIBCO Software Inc, United 
States). Arithmetic means ± SD were calculated. The Shapiro-Wilk test was used to analyze the 
compliance of the distribution of the analyzed variables with normal distribution. The Kruskal-Wallis 
test by ranks (one-way analysis of variance on ranks) with Dunn’s post-hoc test was used to compare 
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Table 1 The main characteristics of the platelet-rich plasma protocols used in the study

Arthrex ACP Mini GPS III Xerthra Dr. PRP

Amount of blood collected 13.5 mL 27 mL 13.5 mL 18 mL

Final amount of PRP 4 mL 3 mL 1.5 mL 3 mL

Drawn blood/obtained PRP 3.38:1 9:1 9:1 6:1

Anticoagulant type ACD-A ACD-A 3.13% SOD CITR 3.13% SOD CITR

Anticoagulant amount 1.5 mL 3 mL 1.5 mL 2 mL

Number of spins 1 1 1 1

RPM 1500 3200 3500 3100

Centrifugation time 5’ 15’ 5’ 4’

Removal of PPP no yes yes yes

Expected WBC content low high, 5x low low

Expected PLT concentration 2-3 x 9.3 x 2-13 x 4-5 x

Dedicated centrifuge Yes Yes Yes Yes

Activation method In vivo In vivo In vivo In vivo

Type of PRP Conditioned Plasma LR-PRP LP-PRP LP-PRP

ACD-A: Anticoagulant citrate dextrose solution A; LR-PRP: Leukocyte-rich platelet-rich plasma; LP-PRP: Leukocyte-poor platelet-rich plasma; PPP: 
Platelet-poor plasma; RPM: Revolutions per minute; SOD CITR: Sodium citrate.

Figure 1 Different platelet-rich plasma kits after centrifugation. Highlight specific items in each kit used for platelet-rich plasma (PRP) extraction. A: 
Arthrex autologous conditioned plasma, the prepared plasma is transferred by pulling it into the inner syringe in a double-syringe system; B: Mini GPS III, PRP is 
automatically separated during centrifugation by a special membrane in the separator; C: Xerthra, the controller screw placed at the bottom is used to move the PRP 
to the neck of the tube; D: Dr. PRP, the piston is used to push PRP to the tube’s neck.

the concentrations of platelets (PLT), white blood cells (WBC), red blood cells (RBC) and cytokines 
between each protocol. Spearman's rank correlation coefficient was used to find any relationship 
between blood cell components and cytokines. The strength of the correlation was determined for ρ-
value: negligible for ρ ≤ 0.2, week for ρ ≤ 0.4, moderate for ρ ≤ 0.6, strong for ρ ≤ 0.8 and very strong for 
ρ > 0.8. The repeatability of the results obtained for each of the methods was estimated as the coefficient 
of variation (CV) which is the ratio of the standard deviation to the mean, multiplied by 100%. High 
repeatability was established as a CV < 25%, moderate as a CV = 25%-44%, weak as a CV = 45%-99% 
and very weak as a CV > 100%. Statistical significance was established at the level of P ≤ 0.05.

Power analysis for PRP comparison was performed using automatic software calculation for several 
means one-way ANOVA with the use of Root Mean Square Standardized Effect. The statistical power of 
the tests was set at 0.8. Based on the magnitude of the effect calculated according to the preliminary 
study, it was estimated that in order to show significant blood cell component differences between the 
PRP groups with a test power of 0.8, each group should have a minimum of 6 subjects. Similarly, the 
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population needed to show differences in GF levels differs depending on the factor tested (from 8 to 61 
subjects). Group size could not be estimated for differences in inflammatory cytokine levels as there 
were no previous studies to provide the necessary data. The authors calculated that 48 PRP samples 
divided into four groups should be sufficient to achieve the assumed goal of the study.

RESULTS
Whole blood count
The blood counts of all participants are shown in the Table 2.

Blood cell components of PRP samples
The highest concentrations of PLT, WBC and RBC in PRP were obtained with Mini GPS III. Platelet 
concentration in PRP obtained with Mini GPS III was significantly higher than that obtained with 
Artherx ACP (P < 0.001), Xerthra (P < 0.001) and Dr. PRP (P < 0.008). The differences between the 
remaining systems were not significant (P > 0.05). The situation was similar with the ability to 
concentrate PLT above the baseline with 5.05 × for Mini GPS III which was significantly higher than for 
other systems, for which it ranged from 1.47 to 2.14 (P < 0.05). Four PRP samples prepared on Xerthra 
did not exceed the whole blood baseline level of PLT concentration and the other four exceeded it by 
more than 2 times. Only one sample prepared with Dr. PRP and none of the samples prepared with 
Mini GPS III and Arthrex failed to exceed the baseline level.

WBC concentration and neutrophil count also significantly differ only when comparing Mini GPS III 
with other systems (P < 0.005) but they do not differ significantly between those other systems (P > 
0.05). Lymphocytes, monocytes, eosinophils and basophils were on a detectable level only in Mini GPS 
III PRPs.

The highest RBC contamination in the samples was observed for Mini GPS III and it was significantly 
higher compared to other systems (P < 0.001). RBC concentrations in Arthrex ACP, Xerthra and Dr. PRP 
were all barely detectable and amounted to 0.05, 0.02 and 0.01 × 1012/L, respectively.

Several means one-way ANOVA power analysis of these multiple comparisons reached levels above 
0.99. All blood cell components are shown in Table 3.

Platelet capture efficiency
PCE values, in descending order, were obtained for Mini GPS III at 56.15% ± 7.44%, Arthrex ACP at 
43.68% ± 5.32%, Dr. PRP at 35.61% ± 12.13% and for Xerthra at 21.79% ± 18.98% (Figure 2). Statistical 
analysis showed significant differences only between Mini GPS III and Xerthra (P < 0.001) and Dr. PRP (
P = 0.001).

Repeatability of the obtained concentrations in PRP samples
The coefficient of variation (CV) showed the highest repeatability of PLT concentrations for Arthrex 
ACP (12.18%) and the Biomet GPS III system (13.25%). The least predictable PLT concentrations were 
provided by the Xerthra PRP kit (95.95%). The results of CV for WBC and RBC concentrations seem 
noteworthy only for LR-PRP obtained for Mini GPS III. The repeatability was moderate for WBC (CV = 
26.79%) and weak for RBC (CV = 56%). All CV results are shown in Table 4.

The concentrations of growth factors and inflammatory cytokines in PRP samples
The highest concentrations of EGF, VEGF, HGF, PDGF-AA and PDGF-BB were found in PRP samples 
obtained with Mini GPS III and the lowest in samples obtained with Arthrex ACP, and the differences 
for the first four were statistically significant with P values = 0.005, 0.02, 0.01 and 0.006, respectively. A 
statistically significant difference was also found between Mini GPS III and Xerthra in the concentration 
of EGF (P = 0.04) and PDGF-AA (P = 0.04). Several means one-way ANOVA power analysis of these 
multiple comparisons showed insufficient levels (< 0.8) for TGF-β1, FGF-basic, VEGF, HGF and PDGF-
BB suggesting the insufficient sample size in this regard. Mean results with standard deviations of all 
tested growth factors are included in Supplementary Table 1 and highlighted in Figure 3.

Among all tested inflammatory cytokines, statistically significant differences between systems were 
found only in the levels of IL-8 and IL-18. IL-8 concentration in PRP obtained with Mini GPS III (734.85 
pg/mL) was higher than in that obtained with Arthrex ACP (139.53 pg/mL, P = 0.02) and the Xerthra 
PRP kit (122.98 pg/mL, P = 0.004). IL18 concentration was the highest in PRP from MiniGPS III (1377 
pg/mL) with a significant difference compared to Arthrex ACP (509.41 pg/mL, P = 0.04), the Xerthra 
PRP kit (283.01 pg/mL, P < 0.001) and Dr. PRP (414.02 pg/mL, P = 0.007). Unfortunately, several means 
one-way ANOVA power analysis of these multiple comparisons showed levels above 0.8 only for IL-18, 
which makes correct interpretation of the obtained results much more difficult. Mean results with 
standard deviations of all the tested cytokines are included in Supplementary Table 1 and highlighted in 
Figure 4.

https://f6publishing.blob.core.windows.net/19cb6a2d-e70a-4521-bf66-c550fd5b383d/WJO-13-587-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/19cb6a2d-e70a-4521-bf66-c550fd5b383d/WJO-13-587-supplementary-material.pdf
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Table 2 Whole blood count with differential leukocyte of all participants

Differential leukocyte Blood count

RBC (1012/L) 4.97 ± 0.43

PLT (109/L) 240.67 ± 49.85

WBC (109/L) 6.49 ± 1.49

Neutrophils (109/L) 3.79 ± 1.29

Lymphocytes (109/L) 2.08 ± 0.45

Monocytes (109/L) 0.45 ± 0.13

Eosinophils (109/L) 0.14 ± 0.08

Basophils (109/L) 0.04 ± 0.01

RBC: Red blood cells; PLT: Platelets; WBC: White blood cells.

Table 3 Concentrations of blood cell components in platelet-rich plasma samples

Arthrex ACP Mini GPS III Xerthra Dr. PRP

PLT (109/L) 357.33 ± 99.01 1212.67 ± 268.63 455.27 ± 362.92 499.75 ± 153.46

WBC (109/L) 0.87 ± 1.01 34.19 ± 11.18 1.80 ± 2.55 0.60 ± 0.87

Neutrophils (109/L) 0.87 ± 1.01 16.71 ± 9.89 1.80 ± 2.55 0.60 ± 0.87

RBC (1012/L) 0.05 ± 0.08 1.49 ± 0.86 0.02 ± 0.02 0.01 ± 0.01

xPLT 1.47 ± 0.18 5.05 ± 0.67 1.96 ± 1.71 2.14 ± 0.73

xWBC 0.14 ± 0.17 5.27 ± 1.41 0.29 ± 0.4 0.10 ± 0.16

xRBC 0.01 ± 0.02 0.30 ± 0.17 0.00 0.00

PLT: Platelets; WBC: White blood cells; RBC: Red blood cells; ACP: Autologous Conditioned Plasma; PRP: Platelet-rich plasma.

Table 4 The coefficient of variation in the concentration of blood cell components for different platelet-rich plasma preparation systems

WBC RBC PLT

Arthrex ACP [%] 114.80 175.69 12.18

Mini GPS III [%] 26.79 56.83 13.25

Xerthra [%] 149.38 133.98 95.95

Dr. PRP [%] 151.45 95.10 34.05

ACP: Autologous Conditioned Plasma; WBC: White blood cells; RBC: Red blood cells; PLT: Platelets; PRP: Platelet-rich plasma.

Correlation between blood cell components and cytokines
Significant positive correlations of PLT, WBC and RBC concentrations with the following growth 
factors: EGF, VEGF, HGF, PDGF-AA, PDGF-BB were found. Most of them were weak or moderate. A 
strong Spearman correlation was found between PLT and EGF (ρ = 0.602, P < 0.001), PLT and PDGF-AA 
(ρ = 0.637, P < 0.001). All correlations are presented in Supplementary Figure 1.

Positive significant correlations of PLT, WBC and RBC concentrations with the following inflam-
matory cytokines: IL-1β, MCP-1, IL-8, IL-18 were found. A strong Spearman correlation was found only 
between PLT and IL-18 (ρ = 0.627, P < 0.001). All correlations are presented in Supplementary Figure 1.

The correlations between blood cell components and growth factors or cytokines in PRP samples vary 
widely between different systems. In PRP samples obtained with Arthrex ACP, a significant Spearman 
correlation was found between PLT and PDGF-AA, INF- γ, IL-8. In PRP samples prepared with Mini 
GPS III System, a significant positive correlation was found between RBC and IL-1β, IL-18. In PRP 
prepared with Xerthra, a significant positive correlation was found between PLT and EGF, VEGF, 
PDGF-AA, IL-18; between WBC and TGF-β1, EGF, VEGF, PDGF-AA; between RBC and EGF, VEGF, 

https://f6publishing.blob.core.windows.net/19cb6a2d-e70a-4521-bf66-c550fd5b383d/WJO-13-587-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/19cb6a2d-e70a-4521-bf66-c550fd5b383d/WJO-13-587-supplementary-material.pdf
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Figure 2 Platelet capture efficiency (%) of different preparation protocols. aP < 0.001 vs Mini GPS III; bP = 0.001 vs Mini GPS III. Arthrex ACP: Arthrex 
Autologous Conditioned Plasma.

PDGF-AA. In PRP samples prepared with Dr. PRP Kit, a significant correlation was found between PLT 
and EGF, FGF-basic; between WBC and IL-18, IL-23. All significant Spearman correlation values are 
presented in Supplementary Table 2. Selected differences in correlations obtained with different systems 
are shown in Figure 5.

DISCUSSION
The results of the study revealed significant differences in PRP obtained with various commercial kits. 
Other studies had already confirmed the existence of such differences, therefore it was not the essence of 
the study[20]. The main goal was to highlight these differences, especially in the case of kits that have 
not been tested in this way before, such as Xerthra and Dr. PRP. Another novelty was the range of the 
investigated cytokines, significantly exceeding the ranges investigated in previous publications[10,20,
23]. This study was also the first to pay attention to the repeatability of the quality of the obtained PRP, 
which is particularly important when planning a therapy or a clinical trial. This study also showed 
interesting differences in the results of PRP analysis and the correlations found as compared to the 
available literature.

It is believed that for therapeutic effect, PRP should have a platelet concentration above the baseline 
level. All PRP preparation systems were able to produce PRP with the mean platelet concentrations 
above this level but 4 samples prepared using Xerthra and 1 sample prepared using Dr. PRP did not 
meet this criterion. It seems to be due to the construction of separators in these systems. Immediately 
after centrifugation, the PRP is not physically separated from PPP and RBC which is why during the 
separation and extraction process it is not difficult to partially mix the content. The Arthrex ACP system 
uses a different approach because after centrifugation it has only two layers - RBC and easily removable 
plasma. That is probably why the manufacturer called its product Autologous Conditioned Plasma 
instead of Platelet-Rich Plasma. In his paper, L. Mazzucco considered PLT > 200 × 103/mL as sufficient 
for therapeutic effect, and all investigated systems reached this value[28]. The US Food and Drug 
Administration (FDA) requires a platelet concentration of at least 250 × 103/mL for PRP products which 
was also achieved by all systems. Other authors recommend a PLT concentration of about 1000 × 103[29]. 
Among systems included in this study, only Mini GPS III meets this criterion.

The content of PLT in PRP differed among systems but this difference was significant only when 
comparing Mini GPS III to other systems. The results of this study concerning PLT concentration for 
Mini GPS III and Arthrex ACP were similar to those obtained by other researchers[10,23,30,31]. The 
present authors found a positive correlation of PLT content with EGF, VEGF, HGF, PDGF-AA, PDGF-
BB, IL-1β, MCP-1, IL-8 and IL-18 but not with FGF-basic, TGF-1β and the rest of the investigated inflam-
matory cytokines. Other authors support the correlation of PLT in PRP with PDGF[20], PDGF, VEGF
[10], PDGF-AB, VEGF, EGF[23], PDGF-AB[31]. Contrary to the results presented in this study, J. 
Magalon and E.A Sundman found a positive correlation of PLT with TGF1β[23,31]. According to the 
present authors’ knowledge, the positive correlations of PLT with MCP-1, IL-8 and IL-18 in PRP samples 
are presented in a scientific paper for the first time.

There are some controversies about leukocyte-rich platelet-rich plasma which is expected to have 
WBC concentration above the baseline. Its negative effect on tissue healing was demonstrated in in vitro 

https://f6publishing.blob.core.windows.net/19cb6a2d-e70a-4521-bf66-c550fd5b383d/WJO-13-587-supplementary-material.pdf
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Figure 3 Concentrations (pg/mL) of growth factors in platelet-rich plasma samples obtained by different systems (mean ± SD). EGF: 
Epidermal growth factor; FGF-basic: Fibroblast growth factor-basic; HGF: Hepatocyte growth factor; VEGF: Vascular endothelial growth factor; TGF-β1: Transforming 
growth factor-β1; PDGF-AA: Platelet-derived growth factor-AA; PDGF-BB: Platelet-derived growth factor-BB.

studies, which, however, was not confirmed by studies on living organisms. This effect may be due to 
the high content of proteinases and hydrolases in neutrophils and should be taken into consideration 
when planning the therapy[8,13,31,32]. WBC content could also have an antibacterial effect[33]. On the 
other hand, in the presented study, high leukocyte content positively correlates with the levels of 
important growth factors and cytokines such as EGF, VEGF, HGF, PDGF-AA, PDGF-BB, IL-1β, MCP-1, 
IL-8 and IL-18. Authors of similar papers do not frequently report results of correlations between WBC 
and GF. J. Magalon has shown a significant positive correlation of WBC content with EGF and VEGF 
but not with PDGF-AB and TGF-β1[23]. T. N. Castillo also found a positive correlation of WBC with 
VEGF and PDGF-ββ but not with PDGF-AB or TGF-β1[24]. The presented results support and greatly 
extend the above. The highest WBC content was found in PRP prepared using the Mini GPS III System 
as it is defined as leukocyte-rich platelet-rich plasma (L-PRP)[21,34].

There was also significantly higher content of RBC in Mini GPS III than in other systems. This is 
undesirable evidence of imperfect separation of PRP and may explain why other authors did not 
provide detailed information about RBC and its correlation with growth factors and cytokines. 
Surprisingly, a positive correlation was again demonstrated with EGF, VEGF, HGF, PDGF-AA, PDGF-
BB, IL-1β, MCP-1, IL-8 and IL-18. This has never been reported by other authors in the context of PRP 
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Figure 4 Concentrations (pg/mL) of inflammatory cytokines in platelet-rich plasma samples obtained by different systems (mean ± SD). 
A: Mini GPS III; B: Arthrex Autologous Conditioned Plasma. IFN-α2: Interferon-α2; IL-10: Interleukin-10; IL-12p70: Interleukin-12p70; IL-17A: Interleukin-17A; IL18: 
Interleukin-18; IL-1β: Interleukin-1β; IL-23: Interleukin-23; IL-33: Interleukin-33; Il-6: Interleukin-6; IL-8: Interleukin-8; IFN-γ: Interferon-γ; MCP-1: Monocyte 
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chemoattractant protein-1; TNF-α: Tumor necrosis factor α.

evaluation and requires further research.
Significant differences in the levels of EGF, VEGF, HGF, PDGF-AA, PDGF-BB, IL-8 and IL-18 were 

found between Mini GPS III and Arthrex, for EGF, IL-8 and IL-18 between Mini GPS III and Xerthra and 
for IL-18 between Mini GPS III and Dr. PRP. The presented results support and extend the current state 
of knowledge[10,23,24,30,31,35]. Further studies are needed to explain the origin of these differences in 
the cases in which the correlation between blood cell components and cytokines/growth factors cannot 
simply explain it.

For the first time in the literature, the repeatability of obtained concentrations of PLT, WBC and RBC 
in different PRP preparation systems was clearly evaluated. The presented study demonstrated consid-
erable differences between systems. In the authors’ opinion, especially Xerthra PRP kit requires some 
improvements in the provided protocol for better repeatability. Due to the fact that two PRP samples 
prepared with Xerthra had a PLT increase > 4x above the baseline level, the authors still believe that 
there is great potential in this system.

For clinical practice and further studies, the most important issue is what should be expected from 
differences in PRP cytokine levels. Multiple studies have demonstrated a beneficial effect of PDGF and 
FGF on the healing process, both in animal models and in patients with wound healing disorders. 
However, in vivo functions of many growth factors remain largely unconfirmed[12]. In this study, 
PDGF-AA and PDGF-BB were selected as representatives of the PDGF family which stimulates cell 
(neutrophil, monocyte, fibroblast) migration to the wound site, enhances the proliferation of fibroblasts 
and production of extracellular matrix[6,12]. FGF-basic, as an FGF family member has well described 
mitogenic activity, regulates migration and cell differentiation, and has a cytoprotective effect on cells 
under stress conditions[12]. VEGF is involved in the regulation of angiogenesis during wound healing, 
HGF was discovered as a stimulator of dissociation of epithelial cells, migration, proliferation and new 
blood vessel formation, EGF induces cell differentiation of both ectodermal and mesodermal origin, and 
TGF-β1 has an important role in controlling cell proliferation and differentiation during the repairing 
process[6,12]. Other important cytokines that play a positive role in tissue healing are MCP-1 as a major 
macrophage chemoattractant, IL-8 as a neutrophil chemoattractant and stimulant of reepithelialization, 
IL-10 as an inhibitor of inflammation and scar formation[12]. Proinflammatory cytokines such as IL-1α 
and β, IL-6 and TNF-α are also involved in the repairing process by stimulation of keratinocyte and 
fibroblast proliferation, synthesis and breakdown of extracellular matrix proteins, fibroblast chemotaxis 
and regulation of the immune response[12].

It is expected that high levels of the above cytokines in PRP should result in better wound healing. In 
the presented study, a positive but not always significant Spearman correlation was found between all 
blood cell components and growth factors such as PDGF-AA, PDGF-BB, EGF, VEGF, HGF, MCP-1, IL-8 
and IL-1 β, however, their correlation with TGF-β1, FGF-basic, TNF-α, IL-6 and IL-10 was found to be 
negligible. These results suggest that the best clinical outcome should be expected from PRP with the 
highest concentration of blood cell components.

Proinflammatory cytokines such as IFN-α2, IFN-γ, IL-12p70, IL-17A, IL-18, IL-23 and IL-33 may play 
an additional role in wound healing by regulating the secretion of other cytokines, regulating the 
immune response and antimicrobial activity. However, their function in tissue repair is poorly 
understood. In the presented study, a significant correlation was found only between all blood cell 
components and IL-18. Since IL-18 is able to induce severe inflammatory reactions, the implications of 
its correlation with highly concentrated PRP require further investigation.

Significant differences in the content of blood cell components and growth factors between different 
methods of platelet-rich plasma separation have already been demonstrated in previous publications[10,
20,23,24,30,35]. However, none of the studies analyzed the Xerthra and Dr. PRP systems in such great 
detail. The medical market offers much more commercially available PRP preparation systems than 
those included in the study. The present authors evaluated only four of them but still, most of similar 
studies analyzed a smaller or comparable number of different systems[10,23,24,30,35].

Another limitation of the study is the size of the population. However, the number of participants is 
larger compared to the majority of similar studies[20,23,24,30,35]. The group was kept as homogeneous 
as possible to eliminate additional factors that could distort the results, therefore the study included a 
group of healthy men of similar age. The post-hoc test power analysis showed a sufficient sample size 
for the PRP group comparison of PCE, blood cell components, EGF, PDGF-AA, IL-18 and slightly 
insufficient for VEGF, HGF, MCP-1 and IL-8. To achieve the test power level of 0.8 in order to compare 
most other cytokines, the sample size should be considerably increased from 3 (FGF-basic) to more than 
100 times (IFN-α2, IL-12p70 or IL-33). This data may help other researchers to design their studies 
appropriately.

In the study presented in this paper, the degree of platelet activation was not tested. This was based 
on the available literature which showed no significant differences in platelet activation between 
different separation methods[23,36]. Moreover, according to the literature, the storage time of PRP in 
which there is no significant activation of the platelets, should not exceed 6 h at a temperature of 20°C
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Figure 5 Spearman correlations (ρ) between platelets and growth factors in platelet-rich plasma obtained with different protocols and 
combined. aP < 0.05. EGF: Epidermal growth factor; FGF-basic: Fibroblast growth factor-basic; HGF: Hepatocyte growth factor; VEGF: Vascular endothelial growth 
factor; TGF-β1: Transforming growth factor-β1; PDGF-AA: Platelet-derived growth factor-AA; PDGF-BB: Platelet-derived growth factor-BB.

[37]. All PRP samples obtained in this study were tested for the content of blood cell components 
immediately after production and then they were frozen at -80 °C waiting for cytokine analysis.
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Not all of the known cytokines and growth factors that may affect the healing and regeneration 
processes occurring in platelet-rich plasma were analyzed. However, the focus was on the most 
important ones. This study analyzes a wider range of cytokines than most publications on this topic[10,
20,23,24,30,35].

CONCLUSION
Significant differences were found in the content of biologically active components in PRP obtained 
with the use of different methods and considerable differences were demonstrated in their repeatability 
within each method. Significant correlations between blood cell components and growth factors/ 
inflammatory cytokines were presented, contributing new data to the current state of knowledge.

Clinical relevance and recommendations 
Due to the considerable heterogeneity of PRPs, the presented results support the recommendations for 
studies reporting the use of autologous blood-based therapies to provide detailed information about the 
characteristics of all PRP samples (MIBO)[27]. The study also provides detailed information about the 
desired content of growth factors and their correlation with blood cell components in four different 
commercially available systems for PRP preparation, which could help clinicians to choose one 
depending on their expectations. The results of this study also demonstrate the need for producers to 
improve the existing solutions in order to improve the provided protocols to increase the repeatability 
of the parameters of PRP samples.

In clinical practice, it seems reasonable to suggest the use of commercial PRP kits that allow obtaining 
the highest blood cell concentration with the highest predictable reproducibility. It is worth noting that 
not only the level of PLT but also WBC and RBC levels significantly correlated with cytokines involved 
in the healing process, which may encourage researchers to look for new “blood cell concentrate” 
treatment methods.

ARTICLE HIGHLIGHTS
Research background
Autologous platelet-rich plasma (PRP) therapy is a method used to treat a variety of diseases related to 
soft tissue degeneration. The main idea behind this is to improve local healing and stimulate 
regeneration by administering large amounts of platelet-derived growth factors and cytokines. There 
are many commercial kits available to assist in obtaining PRP in an outpatient setting.

Research motivation
Due to the wide variety of PRP preparation systems, there are justified doubts about the quality of the 
obtained samples. Differences in the content of biologically active compounds between some PRP 
systems have already been demonstrated. However, only a small number of available systems and a 
limited number of cytokines and growth factors have been investigated.

Research objectives
To compare PRP obtained using four different commercial preparation systems in terms of the content 
of biologically active components, correlations between those components and their repeatability in 
each method.

Research methods
After obtaining informed consent from participants, whole blood was collected from 12 young healthy 
male volunteers, and 4 different PRP samples were prepared from each of them in a single-donor 
model. PRP samples were prepared using different commercial kits: Arthrex Autologous Conditioned 
Plasma (ACP) Double Syringe System (Arthrex Inc., United States), the Mini GPS III Platelet Concen-
tration System (Biomet Inc., United States), the Xerthra PRP kit (Biovico Sp. z o.o., Poland) and Dr. PRP 
(Rmedica, Republic of Korea). The content of cellular components in each sample was assessed using an 
automatic laboratory analyzer Mindray BC-5150 (Shenzhen Mindray Bio-Medical Electronics Co., PRC). 
To quantify the content of seven selected growth factors (Epidermal growth factor (EGF), Fibroblast 
Growth Factor- basic, Hepatocyte growth factor (HGF), vascular endothelial growth factor (VEGF), 
Transforming Growth Factor-β1, Platelet-Derived Growth Factor-AA, Platelet-Derived Growth Factor-
BB and thirteen inflammatory cytokines [(Interferon-α2, Interleukin-10, Interleukin-12p70, Interleukin-
17A, Interleukin-18 (IL-18), Interleukin-23 (IL-23), Interleukin-33, Interleukin-6, Interleukin-8, 
Interferon-γ, Monocyte Chemoattractant Protein-1 (MCP-1), Tumor Necrosis Factor α (TNF-α)], bead-
based multiplex immunoassays LEGENDplexTM (BioLegend, United States) that use fluorescence-
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encoded beads and flow cytometer measurements were performed.

Research results
Differences between PRPs obtained with various preparation systems were found in terms of cellular 
composition, repeatability, platelet capture efficiency, concentrations of growth factors and inflam-
matory cytokines. The highest ability to concentrate platelets (PLT) above the baseline was obtained 
with Mini GPS III (5.05 x) and the lowest with Arthrex ACP (1.47 x). Those two systems had the best 
repeatability of platelet concentrations assessed as the coefficient of variation of 13.25% and 12.18%, 
respectively. The highest concentrations of Epidermal growth factor, hepatocyte growth factor, vascular 
endothelial growth factor, platelet-derived growth factor-AA, platelet-derived growth factor-BB, IL-18, 
Interleukin-1β, Interleukin-8, MCP-1 and TNF-α were found in PRP with the highest PLT, white blood 
cells and red blood cells concentrations (obtained with Mini GPS III), and positive significant (P < 0.05) 
correlations between cell components and these paracrine factors (except TNF-α) were revealed.

Research conclusions
The study provided new data on the differences between PRP obtained with the various commercial 
systems. The range of analyzed cytokines far exceeded the ranges investigated in earlier publications. 
The presented findings should help researchers and clinicians choose the system that best meets their 
expectations.

Research perspectives
Further research should be focused on the comparison of PRPs obtained using different techniques in 
the context of their biological effect on soft tissues in vitro and their clinical efficacy in various diseases.
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