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Abstract: Platelet-Rich Plasma (PRP) is an autologous biological product which, due to its regenera-
tive capacity, is currently used in different fields of medicine. This biological treatment has proven
to be effective in numerous research studies due to its high content of growth factors released by
platelets. However, the current systems used to obtain PRP do not enrich the growth factors and
cytokines outside platelets. Considering this, the present work aims to develop a new technique
by which all the biomolecules present in plasma are enriched. Thus, a new method based on ultra-
filtration has been developed for the obtaining of the novel PRP. By this method, ultrafiltration of
the plasma water is carried out using a 3KDa filtering unit. The results showed that the technique
was able to concentrate extraplatelet factors, such as IGF-1 and HGF, in contrast with conventional
plasmas. Thus, the cultured cells responded with increased viability to this new PRP. These results
could provide a new approach to the treatment of injuries requiring regenerative medicine, potentially
improving the outcomes of the conventional PRPs.

Keywords: platelet-rich plasma; hydrogel; water filtration; platelets; biomolecules; growth factors

1. Introduction

Platelet-Rich Plasma (PRP) is a biological hemoderivative product obtained from blood
in which platelets are present in a higher concentration than in basal levels. Its restorative
potential is mainly based on platelets, which are anucleate blood elements with a diameter
of approximately 3 µm and derived from the hematopoietic line via the megakaryocyte,
having a key role in hemostasis and thrombosis [1].

Platelets release an arsenal of potential regenerative and mitogenic substances that are
involved in wound healing and play a key role in tissue regeneration [2]. These released
substances mediate many cellular functions, including cell migration, differentiation, cel-
lular cycle, apoptosis, metabolism, as well as proliferation [3–5]. However, some growth
factors (GF), like the Insulin-like Growth Factor-1 (IGF-1) and the Hepatocyte Growth
Factor (HGF), are outside of the platelets in plasma and promote wound healing, bone
formation, myogenesis of striated muscle and keratinocyte migration, and have antifibrotic
and anti-inflammatory properties. Besides molecules, structures such as macrovesicles
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and exosomes [6] also circulate within the plasma, being essential in processes related
to cell communication and signaling [7]. Therefore, despite the importance of platelets
and their derivates, other extraplatelet components must be carefully considered in the
therapeutic potential of PRP. In a very recent study, it was found that higher values of IGF-1
are directly related to an increase in cell proliferation [8]. Combining that effect with the
concentration of other molecules with the capacity to inhibit transcription and translation
of pro-inflammatory genes and proteins, as HGF does [9,10], the PRP treatment could be
improved. However, obtaining such a formula is not straightforward. At present, PRP
preparation techniques involve several centrifugation steps to obtain a plasma fraction
with a platelet concentrate [11]. There are few alternative systems to centrifugation to
obtain PRP, and they are mainly focused on reducing sample handling and obtaining
higher volumes of PRP in a reduced time. They make use of sedimentation, filtration,
and even ultrasound technology to separate the different cellular components. The vast
majority of these systems end up coupling filters to acquire a purer PRP focusing only
on platelet concentration without taking into account other molecular components of the
plasma [12–17].

Most of these devices aim to remove the red blood cells (RBC) and white blood cells
(WBC) in the separation process before concentrating the platelets in plasma. For the
efficient separation of PRP, these systems require a sample dilution step of the whole blood,
favoring the separation of RBCs and WBCs to obtain at last a final product with a high
platelet and GF concentration [12,13,15].

Among all the commercial kits for PRP obtaining, there is a system on the market
capable of eliminating RBCs and WBCs, enriching platelets to obtain PRP and, in turn,
concentrating the extraplatelet biomolecules of a molecular weight greater than 25 KDa
but leaving other biomolecules below that limit which could be key to achieve that balance
between platelet and extraplatelet GFs [18].

In this manuscript, we report a new PRP production method, based on the ultrafiltra-
tion of water from the plasma, for the obtaining of a novel PRP (nPRP) enriched in both
platelet and extraplatelet biomolecules, including those with a molecular weight (MW)
lower than 25 KDa.

2. Materials and Methods
2.1. Donors

Eight healthy donors were selected, ranging in age from 29 to 58 years old (4 fe-
male/4 male). Ethical approval was obtained from the Ethics Committee of UPV/EHU
(2019-234, 13 May 2020), and written consent was obtained from the patients.

2.2. Standard Platelet-Rich Plasma (sPRP) Preparation

Whole blood was withdrawn into tubes of 9 mL and 3.5 mL, containing 3.8% (w/v)
sodium citrate. Then, 3.5 mL tubes were used to measure platelet concentration at baseline
levels, while the others were used to obtain the sPRP and the nPRP. Furthermore, 9 mL of
blood was centrifuged at 580× g for 8 min at room temperature (RT). To obtain the sPRP
fraction, the first 2 mL of plasma over the buffy coat was collected. For platelet activation,
10% CaCl2 (aq) (20 µL mL−1) was added to the plasma, which is the minimum dose used
for clot formation [19].

2.3. Novel Platelet-Rich Plasma (nPRP) Preparation

Whole blood was withdrawn into tubes of 9 mL and 3.5 mL, containing 3.8% (w/v)
sodium citrate. Then, 3.5 mL tubes were used to measure platelet concentration at baseline
levels, while the others were used to obtain the sPRP and the nPRP. The nPRP was obtained
by centrifuging the 9 mL tubes of whole blood at 550× g for 8 min at RT as in the sPRP
process. After the separation of the plasma fraction from the rest of the components, a
gradient with an increasing platelet concentration (PLT) downwards was generated. PRP
consisted of the first 2 mL plasma above the buffy coat. The remaining plasma fraction was a
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platelet-poor plasma (PPP) fraction. For these analyses, 6 mL of each fraction was collected
and transferred to a new tube. Subsequently, the PPP was centrifuged at 1500× g for
15 min at RT to obtain plasma without platelets. Then, this fraction was passed through an
Amicon 3 KDa ultrafiltration filter unit (Millipore, Burlington, MA, USA) and centrifuged
at 3000× g for 60 min. The protein concentrate that remained in the filter was dissolved
in the previously obtained PRP (6 mL) (Figure 1A). Finally, 10% CaCl2 (20 µL mL−1) was
added to the plasma to trigger clot formation. Figure 1B shows clinical photographs of
sPRP and nPRP formulation before platelet activation.
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Figure 1. nPRP obtaining protocol. (A) The protocol to obtain the nPRP consists of first centrifugation
where PRP and PPP are obtained. The PPP undergoes new centrifugation to precipitate the platelets
from the plasma, and this new platelet-free plasma is passed through a 3 KDa filter by centrifugation.
The remnant present in the filter is finally dissolved in the PRP obtained in the first step. PLT: expected
platelet content; TP: expected total protein. (B) Clinical photographs of sPRP and nPRP formulations.

2.4. Haematology and Protein Parameters

Platelet, total protein, and albumin levels were measured in whole blood, sPRP, and
nPRP samples from all the donors. Platelets were measured with a hematology analyzer
(Sysmex XS-1000i; Kobe, Japan), whereas total protein and albumin levels were measured
with a Cobas c 501 analyzer (Roche, Basel, Switzerland).

2.5. Ion Concentration Analysis

Ion concentration measurements were carried out for sPRP and nPRP plasma samples
with the Cobas c 501 analyzer. Ca2+, Na+, Cl−, Mg2+, PO4

3−, and K+ were the selected ions
to be measured.

2.6. Platelet Activation Test

Measurement of P-selectin was used as a method to test the platelet activation. P-
selectin, also called CD62P, is stored in α-granules of inactivated platelets. After platelet



J. Clin. Med. 2023, 12, 5941 4 of 10

activation, the inner walls of these granules were exposed on the outside of the cells,
presenting the CD62P protein [20]. For that purpose, CD41 and CD62P antibodies, which
recognize platelet membrane constitutive glycoprotein GpIIb and translocated p-selectin,
respectively, were used.

For each donor, 10 µL of plasma sample, 5 µL of anti-CD41-FITC, and 5 µL of anti-
CD62P-PE (BD Biosciences, San Jose, CA, USA) were added in the test tubes. The remaining
volume of up to 100 µL was completed with PBS. Finally, samples were incubated for 15 min
at RT in the dark and then were fixed with 400 µL of freshly prepared 1.25% formaldehyde
(PanReac AppliChem, Barcelona, Spain) in PBS (Gibco, Waltham, MA, USA). A Gallios
flow cytometer (Beckman-Coulter, High Wycombe, UK) was used to analyze the events.

2.7. Quantification of GFs

Both platelet and plasmatic GFs present in sPRP and nPRP were analyzed. Among
the wide variety of GFs, PDGF-AB, IGF-1, and HGF were analyzed. Plasma samples were
activated by adding CaCl2 to allow for the release of GFs from platelets and quantify them
in the serum. The concentration of those GFs was measured using a commercially available
enzyme-linked immunosorbent assay kit (ELISA) (R&D Systems, Minneapolis, MN, USA).

2.8. Cell Culture

Normal human dermal fibroblast (NHDF) (Lonza, Basel, Switzerland) was kept in the
incubator at 37 ◦C and 5% CO2 atmosphere. Cells were grown in fibroblast growth basal
medium (FBM, Lonza, Basel, Switzerland) supplemented with insulin, human fibroblast
GF, and gentamicin sulfate–amphotericin at 0.1% (v/v) each (Lonza, Basel, Switzerland), as
recommended by the manufacturer.

2.9. Cell Viability Assays

For the evaluation of the biological activity of both sPRP and nPRP, NHDFs were incu-
bated with FBM medium supplemented with FBS in 96-well white flat-bottom microplates
(Greiner, Kremsmünster, Austria) at a density of 1 × 103 cells per well in 200µL culture
medium. After 24 h, cells were treated with 10% of either sPRP or nPRP and after 96 h, the
viability was measured in triplicate by Real Time-Glo MT Cell Viability Assay (Promega,
Fitchburg, MA, USA). This method is based on the reducing potential of metabolically
active cells that catalyze the conversion of a synthetic substrate into a luminescent product,
and the level of luminescence can be considered proportional to the number of viable
cells present in the assay [21]. Luminescence reading was performed by a TECAN Infinite
200 PRO plate reader (TECAN, Zurich, Switzerland).

2.10. Statistical Analysis

The distribution of the samples was assessed by Shapiro–Wilk’s normality test. The
different variables were determined by the mean and the standard deviation for parametric
data and median and 95% confidence interval (CI) for non-parametric data. Comparisons
were performed by ANOVA, Student’s t-test for parametric data, and Kruskal–Wallis
and Mann–Whitney U test for non-parametric data. Data were considered statistically
significant when p < 0.05. GraphPad Prism® software version 9.5 (San Diego, CA, USA)
was used for the statistical analysis.

3. Results
3.1. nPRP Characterization

The sPRP and nPRP showed a double number of platelets compared to blood (p < 0.0001
in both cases), and there were no differences between the two PRPs (Figure 2A). According
to the classification and coding system made by Kon et al. [22], both plasmas have the
classification code 13-00-11. The code is a sequence of six digits grouped in pairs indicating
parameters of PRP composition relative to platelets, purity, and activation with the aim of
unifying the way of classifying PRP for comparative purposes.
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Statistical significance was calculated by one-way ANOVA (**** p < 0.0001).

In terms of total protein concentration, there was no statistical significance between
blood and sPRP, whereas nPRP total protein concentration was almost double, making
these differences statistically significant (p < 0.0001 in both cases) (Figure 2B).

3.2. Determination of Ion Levels in Plasma Samples

Regarding the ion concentration in nPRP obtained after filtration, there was no change
in their concentration with respect to basal levels. No statistical significance was achieved
comparing the ion levels between nPRP and blood or sPRP (Figure 3A–F).

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 5 of 11 
 

 

3. Results 

3.1. nPRP Characterization 

The sPRP and nPRP showed a double number of platelets compared to blood (p < 

0.0001 in both cases), and there were no differences between the two PRPs (Figure 2A). 

According to the classification and coding system made by Kon et al. [22], both plasmas 

have the classification code 13-00-11. The code is a sequence of six digits grouped in pairs 

indicating parameters of PRP composition relative to platelets, purity, and activation with 

the aim of unifying the way of classifying PRP for comparative purposes. 

In terms of total protein concentration, there was no statistical significance between 

blood and sPRP, whereas nPRP total protein concentration was almost double, making 

these differences statistically significant (p < 0.0001 in both cases) (Figure 2B). 

 

Figure 2. Platelet and total protein fold change in sPRP and nPRP relative to blood. (A) Platelet and 

(B) total protein fold change values are expressed as mean ± standard deviation of 8 donors. Statis-

tical significance was calculated by one-way ANOVA (**** p < 0.0001). 

3.2. Determination of Ion Levels in Plasma Samples 

Regarding the ion concentration in nPRP obtained after filtration, there was no 

change in their concentration with respect to basal levels. No statistical significance was 

achieved comparing the ion levels between nPRP and blood or sPRP (Figure 3A–F). 

 

Figure 3. Ion levels in blood, sPRP, and nPRP. (A) Calcium, (B) sodium, (C) chlorine, (D) potassium, 

(E) phosphorous, and (F) magnesium levels are expressed as mean ± standard deviation of 8 donors. 

Statistical significance was calculated by one-way ANOVA. 

Figure 3. Ion levels in blood, sPRP, and nPRP. (A) Calcium, (B) sodium, (C) chlorine, (D) potassium,
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Statistical significance was calculated by one-way ANOVA.

3.3. P-Selectin Expression Detection for Activated Platelet Detection

Platelet activation test showed that the expression of P-selectin is significantly in-
creased in nPRP compared to sPRP, indicating higher levels of platelet activation in the
novel procedure (Figure 4).
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Figure 4. Platelet activation analysis by P-selectin expression measurement. P-selectin expression
values are expressed as mean ± standard deviation of 8 donors. The statistical significance was
calculated by t-test (**** p < 0.0001).

3.4. Growth Factor Profile in sPRP and nPRP

In order to analyze the levels of platelet and extraplatelet GFs in the sPRP and nPRP,
enzyme-linked immunoabsorbent assays (ELISAs) were performed in the platelet lysates
of eight donors (Figure 5). A platelet GF, PDGF-AB, and two extraplatelet ones, HGF and
IGF-1, were analyzed. Results showed that both sPRP and nPRP doubled PDGF levels
compared to blood (p < 0.01 and p < 0.05, respectively). However, only nPRP showed
enrichment of IGF-1 compared to blood and sPRP (p < 0.01 in both cases). The same trend
was observed in the case of HGF, increasing its levels in nPRP compared to blood and sPRP
(p < 0.001 in both cases).
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3.5. In Vitro Analysis of the Bioactivity of the nPRP

The analysis of the bioactivity was performed by a luminescence-based method,
measuring the Relative Light Units (RLU) in NHDF cells cultured with either sPRP or nPRP
of 8 different donors. NHDF cultures showed statistically significant higher viability levels
at 96 h when treated with nPRP, compared to sPRP (p < 0.01) (Figure 6).
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4. Discussion

While it is well known that extraplatelet factors have regenerative properties, most
of the existing methods to produce PRP focus on obtaining plasma enriched in platelets.
Even if several processing techniques have been developed to obtain a PRP, none of these
methods have the ability to concentrate extraplatelet molecules [23,24]. In the present
work, by ultrafiltration and removing water from the plasma, a PRP was obtained where
platelets, as well as plasmatic biomolecules present in the plasma, became concentrated.
Thus, after activation of the PRP by one of the different existing methods, the platelet
content was released, achieving a balance in the concentration factor between platelet and
extraplatelet molecules.

Additionally, the ions in the medium remained at the same levels in the nPRP after
filtration. This is important since an increase in the concentration of ions is directly related
to a change in pH, affecting protein function and, thus, the clotting mechanism [25]. Con-
cerning platelet activation, there was a significant difference in the expression of P-selectin
protein comparing both formulas, indicating that in the new methodology, more platelets
were activated during the process. This is an expected result since the nPRP method
requires several preparation steps with more manipulation. In fact, the step where the
protein concentrate is dissolved with the PRP could be key as the concentrate has to be well
dissolved, and, therefore, the platelets could be subjected to higher forces and, possibly,
be activated. In general, a premature activation of platelets during the PRP-obtaining
process could lead to the release of GFs into the medium, potentially causing their loss
of functionality. Apparently, this could seem a disadvantage compared to other methods.
However, these types of treatments are designed to process the plasma and infiltrate it
immediately, so it should not necessarily be a problem since it would not allow for GF
degradation in such a short time.

Regarding the analysis of GFs, although platelet-derived GFs depend on the number of
platelets, age, and gender influence the concentration of each of the platelet and extraplatelet
factors [26], leading to high inter-patient variability. Concerning platelet-derived GFs, since
the PDGF depends mainly on the number of platelets [27,28], and as sPRP and nPRP
share the property of having doubled the number of platelets compared to basal levels,
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both PRP contain similar platelet factor concentrations. In fact, in order to obtain nPRP,
the protein concentrate is obtained from plasma without platelets with minimal PDGF
levels, as reported in a previous study [8], which would not produce a summation effect
after dissolving the protein concentrate stuck in the filter with the PRP. Regarding the
extraplatelet factors IGF-1 and HGF, it was found that both were concentrated in the nPRP
in contrast to sPRP. This confirms that the protein concentrate remaining on the filter that
was dissolved in the PRP fraction increased the levels of these factors in nPRP. The benefits
of having a higher concentration of IGF-1 could result in a higher stimulation capacity of
collagen production, bone formation, keratinocyte migration, and the promotion of cell
proliferation [29–31]. Moreover, this could be beneficial for elderly patients since it is well
known that IGF-1 decreases with age [32]. In line with this, the effect of sPRP and nPRP on
the proliferation of NHDF culture was compared. The results showed a higher proliferation
capacity in those cells exposed to nPRP. This proliferation response may be promoted by
the IGF-1 [8,31,33]. HGF is known to protect tissue from inflammatory damage, as well as
to inhibit transcription and translation of pro-inflammatory genes and proteins, resulting
in the reduction of pain and inflammation [9,10]. However, no inflammation studies
were performed in this work, which opens up a new line of study to further investigate
the benefits of this nPRP. Considering the benefits of both extraplatelet GFs, they could
potentially make the PRP treatment more effective.

These results make nPRP a novel product as it is able to concentrate molecules that
other methods cannot, as is the case of IGF-1 (MW 7.6 KDa) [18]. Furthermore, the novel
composition of the nPRP has shown to possess greater bioactivity on cells than sPRP,
presenting itself as a potential candidate for future applications in regenerative medicine as
it could be in processes involving wound healing. However, other cellular processes, such
as cell migration with a scratch assay, reactive oxygen species removal, or anti-inflammation
capacity, among others, should be considered to further investigate the properties of this
new plasma. It will also be necessary to verify that the higher biomolecule concentration
on the nPRP is able to generate real clinical improvements in patients.

5. Conclusions

This work shows that the proposed method of ultrafiltration of water from plasma
results in a novel PRP, concentrating platelet and extraplatelet GFs, such as PDGF, HGF,
and IGF-1. This has an advantage over other systems, which focus on platelet concentration
only. With this composition in the nPRP formula, higher induction of proliferative capacity
of NHDF cells is achieved compared to sPRP.

Further testing and clinical studies are needed to confirm that this nPRP has therapeu-
tic effects in humans. However, these results open the way to new approaches for the use
of nPRP, which are believed to potentially change the course of research for this type of
biologic therapy, resulting in products capable of providing more effective treatments to a
wider range of patients.

Author Contributions: Conceptualization, J.M.R., M.B., D.D., F.B.-L., L.B.-D. and M.S.; data cura-
tion, J.M.R., M.B. and D.D.; formal analysis, J.M.R. and D.D.; funding acquisition, P.S. and L.B.-D.;
investigation, J.M.R., M.B. and D.D.; methodology, J.M.R., M.B. and D.D.; project administration, P.S.;
resources, J.G. and C.P.d.A.; supervision, P.S., F.B.-L., L.B.-D. and M.S.; validation, F.B.-L., L.B.-D.
and M.S.; visualization, F.B.-L., L.B.-D. and M.S.; writing—original draft, J.M.R., M.B. and D.D.;
writing—review and editing, J.M.R., M.B., D.D., F.B.-L., L.B.-D. and M.S. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by “Ministerio de Ciencia y Educación de España” under the
grant PID2020-120313GB-I00/AIE/10.13039/501100011033, FEDER “una manera de hacer Europa”,
and Gobierno Vasco Dpto. de Educación for the consolidation of the research groups (IT1633-22).
Important to mention the founding support given to J. Mercader Ruiz by the UPV/EHU PIF Industrial
“Ayudas para la formación de personal investigador en colaboración con instituciones y empresas”
(reference PIFIND19/03) and to M. Beitia for the Torres Quevedo program grant (reference PTQ-
3122019-010386) of the Spanish Ministerio de Economía y Competitividad.



J. Clin. Med. 2023, 12, 5941 9 of 10

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of UPV/EHU
(2019-234, 13 May 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: No new data were created.

Acknowledgments: The authors would like to acknowledge the technical and human support pro-
vided by SGIker (UPV/EHU/ERDF, EU) and to Vithas Vitoria clinical analysis laboratory personnel
for the technical support.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of this study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or
in the decision to publish the results.

References
1. Lefrançais, E.; Ortiz-Muñoz, G.; Caudrillier, A.; Mallavia, B.; Liu, F.; Sayah, D.M.; Thornton, E.E.; Headley, M.B.; David, T.;

Coughlin, S.R.; et al. The Lung Is a Site of Platelet Biogenesis and a Reservoir for Haematopoietic Progenitors. Nature 2017, 544,
105–109. [CrossRef]

2. Lubkowska, A.; Dolegowska, B.; Banfi, G. Growth Factor Content in PRP and Their Applicability in Medicine. J. Biol. Regul.
Homeost. Agents 2012, 26, 3S–22S. [PubMed]

3. Marx, R.E. Platelet-Rich Plasma: Evidence to Support Its Use. J. Oral. Maxillofac. Surg. 2004, 62, 489–496. [CrossRef] [PubMed]
4. Kiuru, J.; Viinikka, L.; Myllylä, G.; Pesonen, K.; Perheentupa, J. Cytoskeleton-Dependent Release of Human Platelet Epidermal

Growth Factor. Life Sci. 1991, 49, 1997–2003. [CrossRef] [PubMed]
5. Sánchez, A.R.; Sheridan, P.J.; Kupp, L.I. Is Platelet-Rich Plasma the Perfect Enhancement Factor? A Current Review. Int. J. Oral.

Maxillofac. Implant. 2003, 18, 93–103.
6. Saumell-Esnaola, M.; Delgado, D.; García Del Caño, G.; Beitia, M.; Sallés, J.; González-Burguera, I.; Sánchez, P.; López de Jesús, M.;

Barrondo, S.; Sánchez, M. Isolation of Platelet-Derived Exosomes from Human Platelet-Rich Plasma: Biochemical and Morpho-
logical Characterization. Int. J. Mol. Sci. 2022, 23, 2861. [CrossRef]

7. Aheget, H.; Tristán-Manzano, M.; Mazini, L.; Cortijo-Gutierrez, M.; Galindo-Moreno, P.; Herrera, C.; Martin, F.; Marchal, J.A.;
Benabdellah, K. Exosome: A New Player in Translational Nanomedicine. J. Clin. Med. 2020, 9, 2380. [CrossRef]

8. Beitia, M.; Delgado, D.; Mercader, J.; Sánchez, P.; López de Dicastillo, L.; Sánchez, M. Action of Platelet-Rich Plasma on In Vitro
Cellular Bioactivity: More than Platelets. Int. J. Mol. Sci. 2023, 24, 5367. [CrossRef]

9. Bendinelli, P.; Matteucci, E.; Dogliotti, G.; Corsi, M.M.; Banfi, G.; Maroni, P.; Desiderio, M.A. Molecular Basis of Anti-Inflammatory
Action of Platelet-Rich Plasma on Human Chondrocytes: Mechanisms of NF-KB Inhibition via HGF. J. Cell Physiol. 2010, 225,
757–766. [CrossRef]

10. Zhang, J.; Middleton, K.K.; Fu, F.H.; Im, H.-J.; Wang, J.H.-C. HGF Mediates the Anti-Inflammatory Effects of PRP on Injured
Tendons. PLoS ONE 2013, 8, e67303. [CrossRef]

11. Dhurat, R.; Sukesh, M. Principles and Methods of Preparation of Platelet-Rich Plasma: A Review and Author’s Perspective. J.
Cutan. Aesthet. Surg. 2014, 7, 189–197. [CrossRef] [PubMed]

12. Jacofsky, D.; Scott, M.; Smith, R.; Jennings, L.; Sowemimo-Coker, S.; Long, M.; Holbrook, J.; Granberry, L.; Kueter, T.;
Cholera, S.; et al. Method to Prepare Platelet Rich Concentrate from Blood without a Centrifuge. 20 February 2005; 30, 1.

13. Schmolz, M.; Stein, G.M.; Hubner, W.-D. An Innovative, Centrifugation-Free Method to Prepare Human Platelet Mediator
Concentrates Showing Activities Comparable to Platelet-Rich Plasma. Wounds 2011, 23, 171–182. [PubMed]

14. Dickson, M.N.; Amar, L.; Hill, M.; Schwartz, J.; Leonard, E.F. A Scalable, Micropore, Platelet Rich Plasma Separation Device.
Biomed. Microdevices 2012, 14, 1095–1102. [CrossRef] [PubMed]

15. Kim, C.-J.; Ki, D.Y.; Park, J.; Sunkara, V.; Kim, T.-H.; Min, Y.; Cho, Y.-K. Fully Automated Platelet Isolation on a Centrifugal
Microfluidic Device for Molecular Diagnostics. Lab. Chip 2020, 20, 949–957. [CrossRef]

16. Wu, Y.; Kanna, M.S.; Liu, C.; Zhou, Y.; Chan, C.K. Generation of Autologous Platelet-Rich Plasma by the Ultrasonic Standing
Waves. IEEE Trans. Biomed. Eng. 2016, 63, 1642–1652. [CrossRef]

17. Gifford, S.C.; Strachan, B.C.; Xia, H.; Vörös, E.; Torabian, K.; Tomasino, T.A.; Griffin, G.D.; Lichtiger, B.; Aung, F.M.;
Shevkoplyas, S.S. A Portable System for Processing Donated Whole Blood into High Quality Components without Centrifugation.
PLoS ONE 2018, 13, e0190827. [CrossRef]

18. ART PRP Plus; Celling Biosciences: Austin, TX, USA, 2015.
19. Zandim, B.M.; de Souza, M.V.; Magalhães, P.C.; Benjamin, L.d.A.; Maia, L.; de Oliveira, A.C.; Pinto, J.d.O.; Ribeiro Júnior, J.I.

Platelet Activation: Ultrastructure and Morphometry in Platelet-Rich Plasma of Horses. Pesq. Vet. Bras. 2012, 32, 83–92. [CrossRef]
20. Flow-Cytometric Analysis of Platelet-Membrane Glycoprotein Expression and Platelet Activation—PubMed. Available online:

https://pubmed.ncbi.nlm.nih.gov/15226548/ (accessed on 29 November 2022).

https://doi.org/10.1038/nature21706
https://www.ncbi.nlm.nih.gov/pubmed/23648195
https://doi.org/10.1016/j.joms.2003.12.003
https://www.ncbi.nlm.nih.gov/pubmed/15085519
https://doi.org/10.1016/0024-3205(91)90642-O
https://www.ncbi.nlm.nih.gov/pubmed/1749310
https://doi.org/10.3390/ijms23052861
https://doi.org/10.3390/jcm9082380
https://doi.org/10.3390/ijms24065367
https://doi.org/10.1002/jcp.22274
https://doi.org/10.1371/journal.pone.0067303
https://doi.org/10.4103/0974-2077.150734
https://www.ncbi.nlm.nih.gov/pubmed/25722595
https://www.ncbi.nlm.nih.gov/pubmed/25881364
https://doi.org/10.1007/s10544-012-9675-2
https://www.ncbi.nlm.nih.gov/pubmed/22811077
https://doi.org/10.1039/C9LC01140D
https://doi.org/10.1109/TBME.2015.2449832
https://doi.org/10.1371/journal.pone.0190827
https://doi.org/10.1590/S0100-736X2012000100014
https://pubmed.ncbi.nlm.nih.gov/15226548/


J. Clin. Med. 2023, 12, 5941 10 of 10

21. Riss, T.L.; Moravec, R.A.; Niles, A.L.; Duellman, S.; Benink, H.A.; Worzella, T.J.; Minor, L. Cell Viability Assays. In Assay Guidance
Manual; Markossian, S., Grossman, A., Brimacombe, K., Arkin, M., Auld, D., Austin, C., Baell, J., Chung, T.D.Y., Coussens, N.P.,
Dahlin, J.L., et al., Eds.; Eli Lilly & Company and the National Center for Advancing Translational Sciences: Bethesda, MD,
USA, 2004.

22. Kon, E.; Di Matteo, B.; Delgado, D.; Cole, B.J.; Dorotei, A.; Dragoo, J.L.; Filardo, G.; Fortier, L.A.; Giuffrida, A.; Jo, C.H.; et al.
Platelet-Rich Plasma for the Treatment of Knee Osteoarthritis: An Expert Opinion and Proposal for a Novel Classification and
Coding System. Expert. Opin. Biol. Ther. 2020, 20, 1447–1460. [CrossRef]

23. Sánchez, M.; Anitua, E.; Azofra, J.; Andía, I.; Padilla, S.; Mujika, I. Comparison of Surgically Repaired Achilles Tendon Tears
Using Platelet-Rich Fibrin Matrices. Am. J. Sports Med. 2007, 35, 245–251. [CrossRef]

24. Padilla, S.; Sánchez, M.; Vaquerizo, V.; Malanga, G.A.; Fiz, N.; Azofra, J.; Rogers, C.J.; Samitier, G.; Sampson, S.; Seijas, R.; et al.
Platelet-Rich Plasma Applications for Achilles Tendon Repair: A Bridge between Biology and Surgery. Int. J. Mol. Sci. 2021,
22, 824. [CrossRef]

25. Kellum, J.A. Determinants of Blood PH in Health and Disease. Crit. Care 2000, 4, 6. [CrossRef] [PubMed]
26. Evanson, J.R.; Guyton, M.K.; Oliver, D.L.; Hire, J.M.; Topolski, R.L.; Zumbrun, S.D.; McPherson, J.C.; Bojescul, J.A. Gender and

Age Differences in Growth Factor Concentrations from Platelet-Rich Plasma in Adults. Mil. Med. 2014, 179, 799–805. [CrossRef]
[PubMed]

27. Liao, J.-C. Positive Effect on Spinal Fusion by the Combination of Platelet-Rich Plasma and Collagen-Mineral Scaffold Using
Lumbar Posterolateral Fusion Model in Rats. J. Orthop. Surg. Res. 2019, 14, 39. [CrossRef] [PubMed]

28. IJMS|Free Full-Text|Apheresis Platelet Rich-Plasma for Regenerative Medicine: An In Vitro Study on Osteogenic Potential.
Available online: https://www.mdpi.com/1422-0067/22/16/8764 (accessed on 29 August 2023).

29. Andia, I.; Sánchez, M.; Maffulli, N. Basic Science: Molecular and Biological Aspects of Platelet-Rich Plasma Therapies. Oper. Tech.
Orthop. 2012, 22, 3–9. [CrossRef]

30. Arnoczky, S.P.; Sheibani-Rad, S. The Basic Science of Platelet-Rich Plasma (PRP): What Clinicians Need to Know. Sports Med.
Arthrosc. Rev. 2013, 21, 180–185. [CrossRef]

31. Olesen, J.L.; Heinemeier, K.M.; Haddad, F.; Langberg, H.; Flyvbjerg, A.; Kjaer, M.; Baldwin, K.M. Expression of Insulin-like
Growth Factor I, Insulin-like Growth Factor Binding Proteins, and Collagen MRNA in Mechanically Loaded Plantaris Tendon. J.
Appl. Physiol. 1985 2006, 101, 183–188. [CrossRef]

32. Taniguchi, Y.; Yoshioka, T.; Sugaya, H.; Gosho, M.; Aoto, K.; Kanamori, A.; Yamazaki, M. Growth Factor Levels in Leukocyte-Poor
Platelet-Rich Plasma and Correlations with Donor Age, Gender, and Platelets in the Japanese Population. J. Exp. Ortop. 2019, 6, 4.
[CrossRef]

33. Garg, A.K. The Use of Platelet-Rich Plasma to Enhance the Success of Bone Grafts around Dental Implants. Dent. Implant. Updat.
2000, 11, 17–21.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1080/14712598.2020.1798925
https://doi.org/10.1177/0363546506294078
https://doi.org/10.3390/ijms22020824
https://doi.org/10.1186/cc644
https://www.ncbi.nlm.nih.gov/pubmed/11094491
https://doi.org/10.7205/MILMED-D-13-00336
https://www.ncbi.nlm.nih.gov/pubmed/25003868
https://doi.org/10.1186/s13018-019-1076-2
https://www.ncbi.nlm.nih.gov/pubmed/30728046
https://www.mdpi.com/1422-0067/22/16/8764
https://doi.org/10.1053/j.oto.2011.09.005
https://doi.org/10.1097/JSA.0b013e3182999712
https://doi.org/10.1152/japplphysiol.00636.2005
https://doi.org/10.1186/s40634-019-0175-7

	Introduction 
	Materials and Methods 
	Donors 
	Standard Platelet-Rich Plasma (sPRP) Preparation 
	Novel Platelet-Rich Plasma (nPRP) Preparation 
	Haematology and Protein Parameters 
	Ion Concentration Analysis 
	Platelet Activation Test 
	Quantification of GFs 
	Cell Culture 
	Cell Viability Assays 
	Statistical Analysis 

	Results 
	nPRP Characterization 
	Determination of Ion Levels in Plasma Samples 
	P-Selectin Expression Detection for Activated Platelet Detection 
	Growth Factor Profile in sPRP and nPRP 
	In Vitro Analysis of the Bioactivity of the nPRP 

	Discussion 
	Conclusions 
	References

