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Abstract

Platelet-Rich Plasma, also known as PRP, is an autologous biologic product used in medi-
cine as a treatment for tissue repair. Nowadays, the majority of PRP obtention methods
enrich only platelets, not considering extraplatelet biomolecules, which take part in several
cell processes. In the present work, a novel PRP preparation method was developed to
obtain a PRP rich in both platelet and plasma extraplatelet molecules. The method is based
on the evaporation of the water of the plasma using a rotary evaporator. With this new meth-
odology an increase in plasmatic growth factors and, as a consequence, a better dermal
fibroblast cell viability was achieved, compared to a standard PRP formulation. This novel
PRP product obtained with this new methodology showed promising results in vitro as an
improved PRP treatment in future application.

Introduction

Platelet-Rich Plasma (PRP) is a biological hemoderivative product obtained from blood in
which platelets are present in a higher concentration than basal levels. PRP is applied in the
treatment of different pathologies to promote tissue regeneration and reparation. These
pathologies range from musculoskeletal disorders, oral and maxillofacial surgery and in der-
matology, among others [1-4]. Due to its easy preparation, its low-cost processing and its
autologous nature [5], PRP has gained great value as a treatment in regenerative medicine in
the last few years [6].

Its restorative potential is assumed to be mainly based on platelets, which are anucleate
blood elements, with a diameter of approximately 3 um and derived from the hematopoietic
line via the megakaryocyte, having a key role in hemostasis and thrombosis [7]. Platelet
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response to tissue damage occurs in several stages, starting with the adhesion of platelets to the
extracellular matrix by the von Willebrand factor (VWF), expressed at the site of vessel damage,
through its binding with the glycoprotein GPIbo, recruiting other platelets and activating them
[8-10]. These activated platelets change their shape, modifying the conformation of the mem-
brane protein GPIIb/IIIa, translocating functional proteins such as P-selectin, and releasing an
arsenal of potential regenerative and mitogenic substances that are involved in wound healing
and that play a key role in tissue regeneration. These substances immediately bind to the external
surface of cell membranes in the graft, flap, or wound, via transmembrane receptors in mesenchy-
mal stem cells, osteoblasts, fibroblasts, endothelial cells, and epidermal cells [11]. They mediate
many of the cellular functions including cell migration, differentiation, cellular cycle, apoptosis
and metabolism, as well as proliferation [12-14]. Therefore, platelets are expected to stimulate
injured tissues and to regulate local inflammatory processes [11]. These released molecules
include growth factors (GFs) and cytokines contained mostly in o-granules inside platelets [15].
The vast majority of factors that can be found within these granules are transforming growth fac-
tor (TGF-P1), platelet-derived growth factor (PDGEF), fibroblast growth factor (FGF), epidermal
growth factor (EGF) and vascular endothelium growth factor (VEGF). In addition to all these
compounds derived from platelet activation, PRP also contains extraplatelet biomolecules in
plasma with important biological activity. Among these are GFs such as the hepatocyte growth
factor (HGF) or the insulin like growth factor (IGF-1), which are derived to a greater extent from
the liver than from platelets [16, 17] and take part in the regulation of the chemotaxis, cellular dif-
ferentiation and mitogenesis [18]. Moreover, these factors stimulate mesenchymal and epithelial
cells to increase the synthesis of collagen and matrix to promote the formation of fibrous connec-
tive tissue and scar formation [14]. Besides molecules, structures such as microvesicles and exo-
somes also circulate within the plasma, being key in processes related to cell communication and
signaling [19]. Therefore, despite the importance of platelets and their derivates, other extraplate-
let components must be carefully considered in the therapeutic potential of PRP.

At present, the majority of the methods to obtain PRP focus on optimizing platelet concen-
tration, with centrifugation being the most commonly used technique [20]. Thus, there are a
large number of protocols by which different PRP products with a wide range of platelet, leu-
kocytes and red blood cell concentrations can be obtained. This is based on different centrifu-
gation protocols in which the time, speed and number of cycles are modified. Additionally,
different method of activation can be used [20]. However, none of these methods address the
concentration or modulation of the abovementioned extraplatelet plasma molecules, overlook-
ing the possible biological activity they can bring to current PRPs.

Accordingly, we hypothesize that the enrichment of not only the platelet GFs but also the
extraplatelet elements could lead to an improvement in the therapeutic capacity of PRP. There-
fore, we report a new PRP production method based on water evaporation using rotary evapo-
rator, achieving a novel PRP (nPRP) enriched in both platelets and plasma biomolecules, and
whose composition and bioactivity were analyzed in vitro.

Materials and methods
Donors

Eight healthy donors were selected ranging in age from 30 to 72 years old, recruited between 8
September 2022 and 17 March 2023. Whole blood was withdrawn into tubes of 9 mL and 3.5
mL containing 3.8% (w/v) sodium citrate. 3.5 mL tubes were used to measure platelet concen-
tration at baseline levels while the others were used to obtain the sPRP and the nPRP. Ethical
approval was obtained from Ethics Committee of UPV/EHU (2019-234, 13/05/2020) and writ-
ten consent was obtained from patients.

PLOS ONE | https://doi.org/10.1371/journal.pone.0297001  February 21, 2024 2/14


https://doi.org/10.1371/journal.pone.0297001

PLOS ONE Water absorption-based method for the obtention of a novel PRP

Standard Platelet-Rich Plasma (sPRP) preparation

The sPRP was obtained by centrifugation of 9 mL of blood at 580 x g for 8 min at room tem-
perature to obtain the sPRP fraction, after collecting 2 mL of plasma fraction present over the
red blood cell fraction (avoiding collecting white blood cells from the buffy coat). 10% CaCl,
(20 uL mL™") was added to the plasma, to trigger platelet activation and clot formation.

Novel Platelet-Rich Plasma (nPRP) preparation

The nPRP (Fig 1) was obtained by centrifugation of 9 mL of whole blood at 1200 x g for 8 min
at room temperature, collecting a 4 mL plasma column from each tube, with no red or white
blood cells. These centrifugation parameters were set to achieve a plasma column with both
platelet (PLT) and total protein (TP) levels similar to those obtained in blood.

The next step was to remove the water from that plasma fraction in order to achieve the
concentration of all its components. A rotary evaporator (Buchimodel R-100, Flawil, Switzer-
land) was used to evaporate half of the plasma water volume. The plasma column was trans-
ferred to a 100 mL round-bottom flask before assembling it to the rotary evaporator. The
evaporation was performed for 3-5 min to evaporate half of the sample volume. A vacuum of
—920 mbar and a temperature of 37°C was applied to the sample to decrease the boiling point
and to improve evaporation, applying a similar temperature to that of the human body.

Finally, 10% CaCl, (20 uL. mL™") was added to the plasma, to trigger platelet activation and
clot formation, after restoring the pH at several values by adding HCI 0.8 M.

Hematology and protein parameters

Platelet concentration and protein concentration were measured in whole blood, sPRP and
nPRP samples from all the donors. Platelets were measured with a hematology analyzer (Sys-
mex XS-1000i; Kobe, Japan) whereas total protein levels were measured by a Cobas ¢ 501 ana-
lyzer (Roche, Basel, Switzerland).

Ion concentration analysis

Ion concentration measurements were carried out for sSPRP and nPRP plasma samples by a
Cobas ¢ 501 analyzer (Roche, Basel, Switzerland). Ca®", Na*, CI', Mg*", P> and K* were the
selected ions to be quantified.

—— T —3
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Fig 1. Schematic representation of the process to obtain nPRP using a rotary evaporator. PLT 1X represents similar levels of platelets comparing
to basal levels, while TP 1X represents total proteins at basal levels. After the evaporation, both PLT and TP are concentrated, doubling its
concentration.

https://doi.org/10.1371/journal.pone.0297001.g001
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pH and plasma coagulation time

After initial measurement of the pH of the nPRP obtained, the pH of the samples was adjusted
with HCl to pH 8 and pH 7.4. Plasma clotting time was evaluated at the different pH values.
pH measurements were performed by a Hanna pH-meter with a HI1331B electrode (Hanna
Instruments, Italy).

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 o-granules of inactivated platelets. After platelet activation, the
inner walls of these granules are exposed on the outside of the cells, presenting the CD62P pro-
tein [21]. For that purpose, CD41 and CD62P antibodies, which recognize platelet membrane
constitutive glycoprotein GplIIb and translocated p-selectin respectively, were used.

For each donor, sample (10 pL), anti-CD41-FITC (5 uL) and anti-CD62P-PE (5 pL) (BD
Biosciences, San Jose, CA, USA) were added in the test tubes. Afterward, 11 pL of the stimulat-
ing mixture (containing 5 uM of ADP (Sigma-Aldrich, Burlington, MA, USA)) in PBS were
dispensed into the tubes corresponding to stimulating condition. The stimulating mixture was
replaced by the same volume of PBS for the tubes used to measure the platelet activation at
rest. Finally, samples were incubated for 15 min at RT in the dark and then were fixed with
freshly prepared formaldehyde (400 pL, 1.25%) (PanReac AppliChem, Spain) in PBS (Gibco,
Billings, MT, USA). A Gallios flow cytometer (Beckman-Coulter, High Wycombe, UK) was
used to analyze events.

Quantification of GFs

Both platelet and plasmatic GFs such as IGF-1, HGF and PDGF-AB, present in sPRP and
nPRP were analyzed as follows. First, plasma samples were activated adding CaCl, as men-
tioned above. Then, the concentration of those GFs was measured by commercially available
enzyme-linked immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA).

Cell culture

Normal human dermal fibroblast (NHDF) (Lonza, Basel, Switzerland) were kept in the incu-
bator at 37°C and 5% CO?2 atmosphere. Cells were grown in fibroblast growth basal medium
(FBM, Lonza, Basel, Switzerland) supplemented with insulin, human fibroblast growth factor,
and gentamicin sulphate-amphotericin at 0.1% (v/v) each (Lonza, Basel, Switzerland), as rec-
ommended by the manufacturer.

Cell viability assay

For the evaluation of the biological activity of both sPRP and nPRP, NHDF were incubated
with FBM medium supplemented with 10% of either sSPRP or nPRP platelet lysates, and cellu-
lar viability was registered at 96 h. Cellular viability was measured in triplicate for each donor
by a Realtime-Glo MT Cell Viability Assay (Promega, Fitchburg, MA, USA) that bases on the
reducing potential of metabolically active cells that catalyze the conversion of a synthetic sub-
strate into a luminescent product. Luminescence reading was performed by a TECAN Infinite
200 PRO plate reader (TECAN, Zurich, Switzerland). The level of luminescence can be consid-
ered proportional to the number of viable cells present in the assay [22]. Then, the obtained
growth activity, with the different plasma formulations, were compared to see the proliferation
rate of the nPRP compared with the sPRP.
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Statistical analysis

Distribution of the samples was assessed by Shapiro-Wilk’s normality test. The different vari-
ables were determined by the mean and the standard deviation for parametric data, and the
median and 95% confidence interval (CI) for non-parametric data. Comparisons were per-
formed by ANOVA and 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 (San Diego, CA, USA) was used for the statistical
analysis.

Results
Characterization of the nPRP

Both, sPRP and nPRP, showed a platelet concentration between 1.5 to 3 times higher than
blood, reaching statistical significance (p = 0.0004 and p = 0.0007, respectively). However, no
significant differences were found between them (Fig 2A). According to the classification and
coding system made by Kon et al. [23], both plasmas have the classification code 13-00-11.
This code is a sequence of 6 digits grouped in pairs indicating parameters of platelet composi-
tion, purity, and activation with the aim of unifying the way PRP is classified for comparison.

In terms of total protein concentration (Fig 2B), there was no statistical significance
between blood and sPRP, whereas nPRP total protein concentration was almost doubled, com-
paring to whole blood and sPRP, being these differences statistically significant (p<0.0001 in
both cases).

Ion concentration capacity of sSPRP and nPRP

Table 1 shows the concentration of the different salts present in blood, sSPRP and nPRP sam-
ples. Regarding nPRP, due to water evaporation, all the ion levels increased doubling their con-
centration, reaching statistical significance when comparing them with blood and sPRP

samples.
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Fig 2. Platelet and total protein concentration levels in standard and novel PRP. Fold change values of (A) platelets
and (B) proteins in blood and standard and novel PRP are shown. Error bars = standard deviation of eight donors.
Statistically significant differences were calculated by Kruskall-Wallis and Dunn’s multiple comparison test post hoc
for the platelet content and one-way ANOVA and Tukey’s multiple comparison test post hoc for total protein content
(¥ p<0.001; **** p<0.0001).

https://doi.org/10.1371/journal.pone.0297001.g002
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Table 1. Tons concentration present in blood, sSPRP and nPRP. Calcium, sodium, chlorine, potassium, phosphorus and magnesium ion levels are represented. Values
are expressed as mean + standard deviation of eight donors. For the statistics ANOVA and Kruskal-Wallis test were done. Statistically significant differences are shown in

bold.

Ion

Ca** (mg dL™)
Na* (mmol L)
CI' (mmol L)
K (mmol L)
p* (mg dr?)
Mg** (mg dL™)

https://doi.org/10.1371/journal.pone.0297001.t001

Blood (a)
7.7+0.2
161+£3
80t4
34+04
30+04
2.1+0.1

Ion concentration p value (a,b) p value (a,c) p value (b,c)

sPRP (b) nPRP (¢)

8.1+0.5 15£2 >0.9999 <0.0001 0.0021
166 £ 7 307 £26 >0.8065 <0.0001 <0.0001
84 +11 172 £ 21 >0.9999 0.0006 0.0003
35+0.3 6.3+0.7 >0.7723 <0.0001 <0.0001
29+04 53+1 >0.9404 <0.0001 <0.0001
2.1+0.1 39+04 >0.9999 <0.0009 <0.0001

Plasma pH adjustment and its impact in clotting time

In all cases, the sPRP showed a pH of 7.4 and the fibrin clot was formed during the first half
hour after the addition of calcium chloride. However, the nPRP showed a higher pH and lon-
ger clotting times. The pH of the nPRP, 8.6, was reduced with an HCl solution to pH 8 and pH
7.4 in order to see if the clotting time of the plasma is reduced as the sample is acidified to base-
line values. In fact, at pH 8.6 the coagulation used to take place after 60 min, generating a clot
with a flimsy form. According to Fig 3, as the pH was reduced to physiological values (pH 7.4),
the clotting time of the plasma decreased, being a significant difference in clotting time when
it was reduced from pH 8.6 to physiological levels (p<0.0001).

sPRP and nPRP impact in platelet activation

In addition, the level of platelet activation that was produced during the obtaining of each of
the plasmas was analyzed. The analysis was based on the measurement of the expression of
CD62 or p-selectin (marker of activated platelets). The results showed that when platelets were
stimulated with ADP, activation reached 87% and 91% in sPRP and nPRP, respectively. On
the other hand, the resting samples showed activation levels of 7% and 70%, respectively. Sta-
tistically significant differences were observed between the resting and stimulating condition
in both PRPs (p<0.0001 in sPRP; p<0.01 in nPRP) as well as between the sPRP and nPRP at
rest (p<0.0001) (Fig 4).

Growth factor profile in sSPRP and nPRP

In order to analyze the levels of platelet and plasmatic GFs in the nPRP, enzyme-linked immu-
nosorbent assays (ELISAs) were performed in the platelet lysates of eight donors. A platelet
growth factor PDGF and two plasmatic GFs (HGF and IGF-1) were analyzed (Fig 5). Both
sPRP and nPRP showed a significant increase in PDGF levels compared to blood (p = 0.0003
and p = 0.0117, respectively). However, this enrichment was greater in sPRP than in nPRP

(p = 0.0437). In the case of IGF-1, only nPRP showed a significant increase in IGF-1 levels
compared to blood and sPRP (p = 0.0004 and p = 0.0005, respectively). Finally, the HGF factor,
present both inside and outside platelets, was not enriched in either sPRP or nPRP compared
to blood.

Cell proliferation capacity of sPRP and nPRP

The bioactivity of the nPRP was performed at 96h. NHDF cultures were exposed to sPRP and
nPRP of eight different donors. In all the cases the bioactivity was measured comparing the
cell growth of both plasma formulations, sSPRP and nPRP. NHDF cultures showed statistically
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Fig 3. nPRP clotting time subject to sample pH. Different pH values are represented considering the pH of the
nPRP. From pH 8.6, and after decreasing the sample to pH 8 and to physiological values with HCl solution. Values
expressed as median + 95% CI of eight donors. For the statistics, Kruskal-Wallis test was done with Dunn’s multiple
comparison post hoc (****p < 0.0001).

https://doi.org/10.1371/journal.pone.0297001.9003

significant higher proliferation rate when treated with nPRP than when treated with sPRP
(p = 0.0046) (Fig 6). The differences between sPRP and the nPRP were statistically significant
after 96 h.

Discussion

Over the past few years, PRP-based therapies have spread rapidly in various fields of medicine.
Its easy production and high biosafety make it a very accessible therapy with promising results
[2, 24]. However, during all these years of PRP development, there have not been any major
breakthroughs in this technology [25]. The obtaining methods are very similar to each other
and are based on centrifugation of blood to concentrate platelets. One of the main drawback of
these systems is that they are not able to concentrate extraplatelet molecules and, thus, do not
exploit its therapeutic potential [26, 27]. The main characteristic of the presented nPRP, and
which differentiates it from other systems, is that by evaporating and removing the water from
the plasma, not only the platelets are concentrated but also all the biomolecules that circulate
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Fig 4. Platelet activation in standard and novel PRP. The graph represents the percentage of positive cells that are indicative of
activated platelets (resting condition) and platelets activated by adding ADP as a platelet activator (stimulate condition). Values
expressed as mean + standard deviation of eight donors. Statistical significance was calculated by two-way ANOVA (**p < 0.01;

P < 0.0001).
https://doi.org/10.1371/journal.pone.0297001.9004

outside them. In this manner, a balance in the concentration of both plasmatic and platelet
GFs is achieved.

Starting from a plasma fraction with the same basal levels of both proteins and platelets
than in whole blood, it was possible to double their concentration by evaporating half of the
volume of water of the sample at physiological temperature (37°C). At these mild experimental
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conditions, proteins are protected from denaturation, as temperatures above 43°C were
proven to denature proteins present in plasma [28].

As a result of this concentration increase, an elevation ion levels were also observed. The
concentration of the ions presents in the plasma are crucial to keep the pH of the sample stable.
Alteration of the basal concentration of these ions can produce powerful electrolytic forces due
to imbalanced Cl'/Na" concentrations, affecting the pH of the plasma [29], potentially imply-
ing a disadvantage. In fact, alteration of the basal concentration of ions can produce an imbal-
ance between strong cations like sodium, calcium, potassium and magnesium and strong
anions like chlorine. The strong ion difference (SID) is the difference between the sum of all
strong cations and all strong anions. SID has a powerful electrochemical effect on water disso-
ciation, and hence on H* concentration. As SID becomes more positive, H", a ‘weak’ cation,
decreases (and pH increases) in order to maintain electrical neutrality [29]. In fact, the pH of
the nPRP raised to pH 8.6 + 0.3 compared to the physiological sPRP at pH 7.4 [30]. That
change in the pH could affect protein function, including those proteins that take part in the
activation of the coagulation cascade. Also fibrin network could suffer significant changes due
to the variation in the ionic strength and pH, and to the high concentration of calcium ions,
affecting the transformation of fibrinogen into fibrin [31-33]. In addition, an increase in pH
above basal blood levels can induce changes in platelet function and directly affect clotting
mechanisms [34]. All these factors could lead to a longer clotting times, or even prevent the
plasma from clotting. Therefore, it was necessary to readjust the pH to physiological levels
with HCl in our method before adding CaCl, to the sample to promote its coagulation, as
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calcium is an important factor in clot formation that acts as a cofactor of thrombin [35], being
essential for the activation of the coagulation cascade. Thus, it was found that restoring pH to
physiological levels resulted in normal coagulation, solving the drawback.

On the other hand, the novel methodology for PRP obtaining was able to enrich not only
the platelet-derived GFs, but also the extraplatelet ones, in contrast to the sPRP. However,
although platelets were enriched twice in the nPRP, this did not result in a doble platelet-
derived factors concentration. This could be due to the fact that during the evaporation pro-
cess, almost 70% of the platelets are activated, potentially as a result of the platelet-glass contact
or even the vacuum applied during the PRP collection [36]. This premature activation could
lead to a prompt release of certain GFs that may get stuck to the glass of the flask. In addition,
it has been shown that premature platelet activation could affect the functionality of platelets
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and, in consequence, to the GF release content [37]. Regarding the plasmatic factors (IGF-1
and HGF), it was found that IGF-1 levels were doubled in nPRP, thus achieving an increase in
the concentration of this plasmatic GF, which has been reported to stimulate collagen produc-
tion, facilitate tendon healing or promote cell proliferation [38, 39]. Moreover, this could be
beneficial in elderly patients as this GF decreases with age [40]. However, the results showed
that the plasmatic factor HGF remained at baseline levels in the nPRP. This could be due to
the adsorption of the proteins into the glass during evaporation at the rotary evaporator [41,
42]. During this process, the Vroman Effect would be generated, whereby the larger proteins
displace the smaller ones from the surface of the material, resulting in a much more stable
bond. Indeed, out of the growth factors analyzed, HGF is by far the one with the highest
molecular weight (HGF = 89 KDa, PDGF = 26 KDa and IGF-1 = 7 KDa), which could explain
why the absorption of this protein would be stronger than the rest [43]. However, future exper-
iments would be needed to elucidate the lack of enrichment of certain GFs by using surface
modified flask as the polyethylene glycol (PEG) coated flasks [44]. PEG is a potential agent
against protein adsorption, which might prevent the adhesion of biomolecules to it and, thus,
concentrate HGF.

Eventually, the effect of sSPRP and nPRP on the proliferation of NHDF culture was com-
pared. The results showed a higher proliferation capacity on those cells exposed to nPRP,
despite an excess of ions. This proliferation response could be partly due to the fact that more
IGF-1 was concentrated in the nPRP, which has a great mitogenic power, favoring cell growth
and proliferation [18, 38, 39].

Among all the results obtained, despite the initial disadvantages presented due to the pH
mismatch after water evaporation, the novel composition of this plasma has shown to possess
greater bioactivity on cells than sPRP, making it a potential candidate for future applications
in regenerative medicine. As a limitation, due to the great variability among patients, it would
be necessary to increase the number of samples to obtain more statistical relevant results.
However, clinical studies and other cellular processes such as cell migration or inflammation,
among others, will be needed when facing a real applicability of the obtained plasma, in order
to verify potential clinically associated improvements.

Conclusions

The present study indicates that the method of evaporating water from a plasma sample using
a rotary evaporator is suitable for the obtaining of a novel PRP with a higher concentration of
both platelets and biomolecules. In contrast to the conventional PRPs, this method concen-
trates not only the GFs that are inside platelets but also the growth factor IGF-1, which is key
in anti-inflammatory processes and has a high mitogenic potential. In addition, the excess of
ions in the medium does not negatively affect the clotting process of the nPRP since, by man-
ual adjustment of the pH, the coagulation process is carried out normally. Finally, the nPRP
induces a higher proliferative capacity of NHDF cells compared to sPRP.

Acknowledgments

The authors also thank for the technical and human support provided by SGlker and Vithas
Vitoria clinical analysis laboratory personnel.

Author Contributions

Conceptualization: Jon Mercader Ruiz, Maider Beitia, Diego Delgado, Pello Sanchez, Fer-
nando Benito-Lopez, Lourdes Basabe-Desmonts, Mikel Sanchez.

PLOS ONE | https://doi.org/10.1371/journal.pone.0297001  February 21, 2024 11/14


https://doi.org/10.1371/journal.pone.0297001

PLOS ONE

Water absorption-based method for the obtention of a novel PRP

Formal analysis: Jon Mercader Ruiz, Maider Beitia, Diego Delgado.
Funding acquisition: Diego Delgado.

Investigation: Jon Mercader Ruiz, Maider Beitia, Diego Delgado.
Methodology: Jon Mercader Ruiz, Maider Beitia.

Project administration: Pello Sanchez, Mikel Sanchez.

Resources: Miren Begona Sanchez, Jaime Oraa.

Supervision: Pello Sanchez, Fernando Benito-Lopez, Lourdes Basabe-Desmonts, Mikel
Sanchez.

Writing - original draft: Jon Mercader Ruiz, Maider Beitia, Diego Delgado.

Writing - review & editing: Jon Mercader Ruiz, Maider Beitia, Diego Delgado, Fernando
Benito-Lopez, Lourdes Basabe-Desmonts, Mikel Sanchez.

References

1. Sanchez M, Delgado D, Garate A, Sanchez P, Oraa J, Bilbao AM, et al. PRP Injections in Orthopaedic
Surgery: Why, When and How to Use PRP Dynamic Liquid Scaffold Injections in Orthopaedic Surgery.
En: Tutar Y, Tutar L, editores. Plasma Medicine—Concepts and Clinical Applications [Internet]. InTech;
2018 [citado 19 de abril de 2022]. Disponible en: http://www.intechopen.com/books/plasma-medicine-
concepts-and-clinical-applications/prp-injections-in-orthopaedic-surgery-why-when-and-how-to-use-
prp-dynamic-liquid-scaffold-injections

2. Anitua E, Sanchez M, Orive G, Andia |. The potential impact of the preparation rich in growth factors
(PRGF) in different medical fields. Biomaterials. noviembre de 2007; 28(31):4551-60. https://doi.org/
10.1016/j.biomaterials.2007.06.037 PMID: 17659771

3. ZhangM, Park G, Zhou B, Luo D. Applications and efficacy of platelet-rich plasma in dermatology: A
clinical review. J Cosmet Dermatol. octubre de 2018; 17(5):660-5. https://doi.org/10.1111/jocd. 12673
PMID: 30047234

4. Nikolidakis D, Jansen JA. The Biology of Platelet-Rich Plasma and Its Application in Oral Surgery: Liter-
ature Review. Tissue Eng Part B Rev. septiembre de 2008; 14(3):249-58. https://doi.org/10.1089/ten.
teb.2008.0062 PMID: 18601587

5. Machado ES, Leite R, Dos Santos CC, Artuso GL, Gluszczak F, de Jesus LG, et al. Turn down—turn
up: a simple and low-cost protocol for preparing platelet-rich plasma. Clin Sao Paulo Braz. 2019; 74:
e1132. https://doi.org/10.6061/clinics/2019/e1132 PMID: 31433042

6. Varghese J, Acharya N, Varghese J, Acharya N. Platelet-Rich Plasma: A Promising Regenerative Ther-
apy in Gynecological Disorders. Cureus [Internet]. 10 de septiembre de 2022 [citado 18 de abril de
2023]; 14(9). Disponible en: https://www.cureus.com/articles/113234-platelet-rich-plasma-a-promising-
regenerative-therapy-in-gynecological-disorders https://doi.org/10.7759/cureus.28998 PMID:
36249659

7. Lefrancais E, Ortiz-Mufioz G, Caudrillier A, Mallavia B, Liu F, Sayah DM, et al. The lung is a site of plate-
let biogenesis and a reservoir for haematopoietic progenitors. Nature. abril de 2017; 544(7648):105-9.
https://doi.org/10.1038/nature21706 PMID: 28329764

8. Holinstat M. Normal platelet function. Cancer Metastasis Rev. junio de 2017; 36(2):195-8. https://doi.
org/10.1007/s10555-017-9677-x PMID: 28667366

9. Welsh JD, Muthard RW, Stalker TJ, Taliaferro JP, Diamond SL, Brass LF. A systems approach to
hemostasis: 4. How hemostatic thrombi limit the loss of plasma-borne molecules from the microvascula-
ture. Blood. 24 de marzo de 2016; 127(12):1598-605. https://doi.org/10.1182/blood-2015-09-672188
PMID: 26738537

10. Stalker TJ, Traxler EA, Wu J, Wannemacher KM, Cermignano SL, Voronov R, et al. Hierarchical organi-
zation in the hemostatic response and its relationship to the platelet-signaling network. Blood. 7 de
marzo de 2013; 121(10):1875-85. https://doi.org/10.1182/blood-2012-09-457739 PMID: 23303817

11. Lubkowska A, Dotegowska B, Banfi G. GROWTH FACTOR CONTENT IN PRP AND THEIR APPLICA-
BILITY IN MEDICINE.: 20.

12. Marx RE. Platelet-rich plasma: evidence to support its use. J Oral Maxillofac Surg Off J Am Assoc Oral
Maxillofac Surg. abril de 2004; 62(4):489-96. https://doi.org/10.1016/j.joms.2003.12.003 PMID:
15085519

PLOS ONE | https://doi.org/10.1371/journal.pone.0297001  February 21, 2024 12/14


http://www.intechopen.com/books/plasma-medicine-concepts-and-clinical-applications/prp-injections-in-orthopaedic-surgery-why-when-and-how-to-use-prp-dynamic-liquid-scaffold-injections
http://www.intechopen.com/books/plasma-medicine-concepts-and-clinical-applications/prp-injections-in-orthopaedic-surgery-why-when-and-how-to-use-prp-dynamic-liquid-scaffold-injections
http://www.intechopen.com/books/plasma-medicine-concepts-and-clinical-applications/prp-injections-in-orthopaedic-surgery-why-when-and-how-to-use-prp-dynamic-liquid-scaffold-injections
https://doi.org/10.1016/j.biomaterials.2007.06.037
https://doi.org/10.1016/j.biomaterials.2007.06.037
http://www.ncbi.nlm.nih.gov/pubmed/17659771
https://doi.org/10.1111/jocd.12673
http://www.ncbi.nlm.nih.gov/pubmed/30047234
https://doi.org/10.1089/ten.teb.2008.0062
https://doi.org/10.1089/ten.teb.2008.0062
http://www.ncbi.nlm.nih.gov/pubmed/18601587
https://doi.org/10.6061/clinics/2019/e1132
http://www.ncbi.nlm.nih.gov/pubmed/31433042
https://www.cureus.com/articles/113234-platelet-rich-plasma-a-promising-regenerative-therapy-in-gynecological-disorders
https://www.cureus.com/articles/113234-platelet-rich-plasma-a-promising-regenerative-therapy-in-gynecological-disorders
https://doi.org/10.7759/cureus.28998
http://www.ncbi.nlm.nih.gov/pubmed/36249659
https://doi.org/10.1038/nature21706
http://www.ncbi.nlm.nih.gov/pubmed/28329764
https://doi.org/10.1007/s10555-017-9677-x
https://doi.org/10.1007/s10555-017-9677-x
http://www.ncbi.nlm.nih.gov/pubmed/28667366
https://doi.org/10.1182/blood-2015-09-672188
http://www.ncbi.nlm.nih.gov/pubmed/26738537
https://doi.org/10.1182/blood-2012-09-457739
http://www.ncbi.nlm.nih.gov/pubmed/23303817
https://doi.org/10.1016/j.joms.2003.12.003
http://www.ncbi.nlm.nih.gov/pubmed/15085519
https://doi.org/10.1371/journal.pone.0297001

PLOS ONE

Water absorption-based method for the obtention of a novel PRP

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.

Kiuru J, Viinikka L, Myllyla G, Pesonen K, Perheentupa J. Cytoskeleton-dependent release of human
platelet epidermal growth factor. Life Sci. 1991; 49(26):1997-20083. https://doi.org/10.1016/0024-3205
(91)90642-0 PMID: 1749310

Sanchez AR, Sheridan PJ, Kupp LI. Is platelet-rich plasma the perfect enhancement factor? A current
review. Int J Oral Maxillofac Implants. febrero de 2003; 18(1):93-103. PMID: 12608674

Sanchez-Gonzalez DJ, Méndez-Bolaina E, Trejo-Bahena NI. Platelet-Rich Plasma Peptides: Key for
Regeneration. Int J Pept. 22 de febrero de 2012; 2012:1-10. https://doi.org/10.1155/2012/532519
PMID: 22518192

Laron Z. Insulin-like growth factor 1 (IGF-1): a growth hormone. Mol Pathol. octubre de 2001; 54
(5):311-6.

Oliveira AG, Araujo TG, Carvalho B de M, Rocha GZ, Santos A, Saad MJA. The Role of Hepatocyte
Growth Factor (HGF) in Insulin Resistance and Diabetes. Front Endocrinol [Internet]. 2018 [citado 11
de abril de 2022]; 9. Disponible en: https://www.frontiersin.org/article/10.3389/fendo.2018.00503 PMID:
30214428

Garg AK. The use of platelet-rich plasma to enhance the success of bone grafts around dental implants.
Dent Implantol Update. marzo de 2000; 11(3):17-21. PMID: 11992937

Aheget H, Tristdn-Manzano M, Mazini L, Cortijo-Gutierrez M, Galindo-Moreno P, Herrera C, et al. Exo-
some: A New Player in Translational Nanomedicine. J Clin Med. 26 de julio de 2020; 9(8):E2380.
https://doi.org/10.3390/jcm9082380 PMID: 32722531

Collins T, Alexander D, Barkatali B. Platelet-rich plasma: a narrative review. EFORT Open Rev. abril de
2021; 6(4):225-35. https://doi.org/10.1302/2058-5241.6.200017 PMID: 34040800

Flow-cytometric analysis of platelet-membrane glycoprotein expression and platelet activation—
PubMed [Internet]. [citado 29 de noviembre de 2022). Disponible en: https://pubmed.ncbi.nlm.nih.gov/
15226548/

Riss TL, Moravec RA, Niles AL, Duellman S, Benink HA, Worzella TJ, et al. Cell Viability Assays. En:
Markossian S, Grossman A, Brimacombe K, Arkin M, Auld D, Austin C, et al., editores. Assay Guidance
Manual [Internet]. Bethesda (MD): Eli Lilly & Company and the National Center for Advancing Transla-
tional Sciences; 2004 [citado 9 de septiembre de 2022]. Disponible en: http://www.ncbi.nIm.nih.gov/
books/NBK 144065/

Kon E, Di Matteo B, Delgado D, Cole BJ, Dorotei A, Dragoo JL, et al. Platelet-rich plasma for the treat-
ment of knee osteoarthritis: an expert opinion and proposal for a novel classification and coding system.
Expert Opin Biol Ther. 1 de diciembre de 2020; 20(12):1447-60. https://doi.org/10.1080/14712598.
2020.1798925 PMID: 32692595

Gupta S, Paliczak A, Delgado D. Evidence-based indications of platelet-rich plasma therapy. Expert
Rev Hematol. 2 de enero de 2021; 14(1):97-108. https://doi.org/10.1080/17474086.2021.1860002
PMID: 33275468

Andia |, Maffulli N. How far have biological therapies come in regenerative sports medicine? Expert
Opin Biol Ther. 3 de julio de 2018; 18(7):785-93. https://doi.org/10.1080/14712598.2018.1492541
PMID: 29939773

Séanchez M, Anitua E, Azofra J, Andia |, Padilla S, Mujika |. Comparison of Surgically Repaired Achilles
Tendon Tears Using Platelet-Rich Fibrin Matrices. Am J Sports Med. febrero de 2007; 35(2):245-51.
https://doi.org/10.1177/0363546506294078 PMID: 17099241

Padilla S, Sanchez M, Vaquerizo V, Malanga GA, Fiz N, Azofra J, et al. Platelet-Rich Plasma Applica-
tions for Achilles Tendon Repair: A Bridge between Biology and Surgery. Int J Mol Sci. 15 de enero de
2021; 22(2):824. hitps://doi.org/10.3390/ijms22020824 PMID: 33467646

Vazquez R, Larson D. Plasma protein denaturation with graded heat exposure. Perfusion. noviembre
de 2013; 28(6):557-9. https://doi.org/10.1177/0267659113498921 PMID: 23935033

Kellum JA. Determinants of blood pH in health and disease. Crit Care. 24 de enero de 2000; 4(1):6.
https://doi.org/10.1186/cc644 PMID: 11094491

Constable P. Clinical Acid-Base Chemistry. En: Critical Care Nephrology [Internet]. Elsevier; 2009
[citado 12 de abril de 2022]. p. 581-6. Disponible en: https://linkinghub.elsevier.com/retrieve/pii/
B9781416042525501167

Henschen A. On the structure of functional sites in fibrinogen. Thromb Res. enero de 1983; 29:27-39.

Mihalyi E. Clotting of bovine fibrinogen. Calcium binding to fibrin during clotting and its dependence on
release of fibrinopeptide B. Biochemistry. 1 de febrero de 1988; 27(3):967-76. https://doi.org/10.1021/
bi004032020 PMID: 3365373

Weisel JW. Fibrinogen and Fibrin. En: Advances in Protein Chemistry [Internet]. Elsevier; 2005 [citado
1 de febrero de 2022]. p. 247-99. Disponible en: https:/linkinghub.elsevier.com/retrieve/pii/
S0065323305700085

PLOS ONE | https://doi.org/10.1371/journal.pone.0297001  February 21, 2024 13/14


https://doi.org/10.1016/0024-3205%2891%2990642-o
https://doi.org/10.1016/0024-3205%2891%2990642-o
http://www.ncbi.nlm.nih.gov/pubmed/1749310
http://www.ncbi.nlm.nih.gov/pubmed/12608674
https://doi.org/10.1155/2012/532519
http://www.ncbi.nlm.nih.gov/pubmed/22518192
https://www.frontiersin.org/article/10.3389/fendo.2018.00503
http://www.ncbi.nlm.nih.gov/pubmed/30214428
http://www.ncbi.nlm.nih.gov/pubmed/11992937
https://doi.org/10.3390/jcm9082380
http://www.ncbi.nlm.nih.gov/pubmed/32722531
https://doi.org/10.1302/2058-5241.6.200017
http://www.ncbi.nlm.nih.gov/pubmed/34040800
https://pubmed.ncbi.nlm.nih.gov/15226548/
https://pubmed.ncbi.nlm.nih.gov/15226548/
http://www.ncbi.nlm.nih.gov/books/NBK144065/
http://www.ncbi.nlm.nih.gov/books/NBK144065/
https://doi.org/10.1080/14712598.2020.1798925
https://doi.org/10.1080/14712598.2020.1798925
http://www.ncbi.nlm.nih.gov/pubmed/32692595
https://doi.org/10.1080/17474086.2021.1860002
http://www.ncbi.nlm.nih.gov/pubmed/33275468
https://doi.org/10.1080/14712598.2018.1492541
http://www.ncbi.nlm.nih.gov/pubmed/29939773
https://doi.org/10.1177/0363546506294078
http://www.ncbi.nlm.nih.gov/pubmed/17099241
https://doi.org/10.3390/ijms22020824
http://www.ncbi.nlm.nih.gov/pubmed/33467646
https://doi.org/10.1177/0267659113498921
http://www.ncbi.nlm.nih.gov/pubmed/23935033
https://doi.org/10.1186/cc644
http://www.ncbi.nlm.nih.gov/pubmed/11094491
https://linkinghub.elsevier.com/retrieve/pii/B9781416042525501167
https://linkinghub.elsevier.com/retrieve/pii/B9781416042525501167
https://doi.org/10.1021/bi00403a020
https://doi.org/10.1021/bi00403a020
http://www.ncbi.nlm.nih.gov/pubmed/3365373
https://linkinghub.elsevier.com/retrieve/pii/S0065323305700085
https://linkinghub.elsevier.com/retrieve/pii/S0065323305700085
https://doi.org/10.1371/journal.pone.0297001

PLOS ONE

Water absorption-based method for the obtention of a novel PRP

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

Chaimoff C, Creter D, Djaldetti M. The effect of pH on platelet and coagulation factor activities. Am J
Surg. agosto de 1978; 136(2):257-9. https://doi.org/10.1016/0002-9610(78)90241-6 PMID: 28678

Falvo MR, Gorkun OV, Lord ST. The molecular origins of the mechanical properties of fibrin. Biophys
Chem. noviembre de 2010; 152(1-3):15-20. https://doi.org/10.1016/j.bpc.2010.08.009 PMID:
20888119

George JN. Direct Assessment of Platelet Adhesion to Glass: A Study of the Forces of Interaction and
the Effects of Plasma and Serum Factors, Platelet Function, and Modification of the Glass Surface.
Blood. 1 de diciembre de 1972; 40(6):862—74. PMID: 4538879

Beitia M, Delgado D, Mercader J, Gimeno |, Espregueira-Mendes J, Aizpurua B, et al. The effect of
short-term cryopreservation on the properties and functionality of platelet-rich plasma. Platelets. diciem-
bre de 2023; 34(1):2210243. https://doi.org/10.1080/09537104.2023.2210243 PMID: 37165543

Olesen JL, Heinemeier KM, Haddad F, Langberg H, Flyvbjerg A, Kjaer M, et al. Expression of insulin-
like growth factor |, insulin-like growth factor binding proteins, and collagen mRNA in mechanically
loaded plantaris tendon. J Appl Physiol Bethesda Md 1985. julio de 2006; 101(1):183-8. https://doi.org/
10.1152/japplphysiol.00636.2005 PMID: 16782835

Beitia M, Delgado D, Mercader J, Sanchez P, Lopez de Dicastillo L, Sdnchez M. Action of Platelet-Rich
Plasma on In Vitro Cellular Bioactivity: More than Platelets. Int J Mol Sci. enero de 2023; 24(6):5367.
https://doi.org/10.3390/ijms24065367 PMID: 36982439

Taniguchi Y, Yoshioka T, Sugaya H, Gosho M, Aoto K, Kanamori A, et al. Growth factor levels in leuko-
cyte-poor platelet-rich plasma and correlations with donor age, gender, and platelets in the Japanese
population. J Exp Orthop. diciembre de 2019; 6(1):4. https://doi.org/10.1186/s40634-019-0175-7 PMID:
30712144

Mason RG, Shermer RW, Zucker WH. Effects of Certain Purified Plasma Proteins on the Compatibility
of Glass with Blood. Am J Pathol. octubre de 1973; 73(1):183-200. PMID: 4201372

Rao GHR, Chandy T. Role of platelets in blood-biomaterial interactions. Bull Mater Sci. mayo de 1999;
22(3):633-9.
Noh H, Vogler EA. Volumetric Interpretation of Protein Adsorption: Competition from Mixtures and the

Vroman Effect. Biomaterials. enero de 2007; 28(3):405-22. https://doi.org/10.1016/].biomaterials.2006.
09.006 PMID: 17007920

Chen Q, Yu S, Zhang D, Zhang W, Zhang H, Zou J, et al. Impact of Antifouling PEG Layer on the Perfor-
mance of Functional Peptides in Regulating Cell Behaviors. J Am Chem Soc. 23 de octubre de 2019;
141(42):16772-80. https://doi.org/10.1021/jacs.9b07105 PMID: 31573191

PLOS ONE | https://doi.org/10.1371/journal.pone.0297001  February 21, 2024 14/14


https://doi.org/10.1016/0002-9610%2878%2990241-6
http://www.ncbi.nlm.nih.gov/pubmed/28678
https://doi.org/10.1016/j.bpc.2010.08.009
http://www.ncbi.nlm.nih.gov/pubmed/20888119
http://www.ncbi.nlm.nih.gov/pubmed/4538879
https://doi.org/10.1080/09537104.2023.2210243
http://www.ncbi.nlm.nih.gov/pubmed/37165543
https://doi.org/10.1152/japplphysiol.00636.2005
https://doi.org/10.1152/japplphysiol.00636.2005
http://www.ncbi.nlm.nih.gov/pubmed/16782835
https://doi.org/10.3390/ijms24065367
http://www.ncbi.nlm.nih.gov/pubmed/36982439
https://doi.org/10.1186/s40634-019-0175-7
http://www.ncbi.nlm.nih.gov/pubmed/30712144
http://www.ncbi.nlm.nih.gov/pubmed/4201372
https://doi.org/10.1016/j.biomaterials.2006.09.006
https://doi.org/10.1016/j.biomaterials.2006.09.006
http://www.ncbi.nlm.nih.gov/pubmed/17007920
https://doi.org/10.1021/jacs.9b07105
http://www.ncbi.nlm.nih.gov/pubmed/31573191
https://doi.org/10.1371/journal.pone.0297001

