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Copyright © 2016 Ronaldo José Farias Corrêa do Amaral et al. This is an open access article distributed under the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

There are promising results in the use of platelet-rich plasma (PRP) for musculoskeletal tissue repair. However, the variability in the
methodology for its obtaining may cause different and opposing findings in the literature. Particularly, the choice of the anticoag-
ulant is the first definition to be made. In this work, blood was collected with sodium citrate (SC), ethylenediaminetetraacetic acid
(EDTA), or anticoagulant citrate dextrose (ACD) solution A, as anticoagulants, prior to PRP obtaining. Hematological analysis
and growth factors release quantification were performed, and the effects on mesenchymal stromal cell (MSC) culture, such as
cytotoxicity and cell proliferation (evaluated by MTT method) and gene expression, were evaluated. The use of EDTA resulted
in higher platelet yield in whole blood; however, it induced an increase in the mean platelet volume (MPV) following the blood
centrifugation steps for PRP obtaining. The use of SC and ACD resulted in higher induction of MSC proliferation. On the other
hand, PRP obtained in SC presented the higher platelet recovery after the blood first centrifugation step and a minimal change in
MSC gene expression. Therefore, we suggest the use of SC as the anticoagulant for PRP obtaining.

1. Introduction

Platelet-rich plasma (PRP) is a blood-derived product in
which platelets are concentrated at least five times in plasma
above the baseline of that in the whole blood [1]. PRP is being
investigated as an autologous product to improve tissue repair
in different conditions and lesions, especially for muscu-
loskeletal tissues, such as chondral lesions [2–4], tendinopa-
thies [5–7], muscle strains [8, 9], and bone repair [10, 11].
Besides its clinical application, PRP may be an efficient sub-
stitute to fetal bovine serum in cell culture [12–15]. Its thera-
peutic potential is basedmainly on the growth factors present
in platelet’s alpha granules [16], such as transforming growth

factor beta (TGF-𝛽) [17], vascular endothelial growth factor
(VEGF) [18], and platelet-derived growth factor (PDGF) [19],
which have already been demonstrated to play important
roles in tissue repair. When platelets are concentrated and
activated, it is expected that the concentration of the factors
released reaches three to five times of that found in the plasma
[16].

The general methodology to obtain PRP involves the col-
lection of whole blood with anticoagulants, followed by one
or two centrifugation steps. After a first low-speed centrifuga-
tion, erythrocyte-free platelet concentrated plasma is recov-
ered and submitted to high-speed centrifugation. Platelet-
poor plasma is then discarded and the remaining platelet
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pellet is homogenized into what is regarded as PRP [16].
Several aspects on this method are still under debate, such
as number of centrifugations, presence of leukocytes, and use
and type of platelet activator and anticoagulants [20]. When
no anticoagulant is used, a blood clot will form, and serum
can be obtained butwithout increase in platelet concentration
[21]. In the case of PRP obtaining, coagulation is not intended
to occur prior to platelet concentration; hence, bloodmust be
collected in the presence of anticoagulants.

For transfusion purposes, blood is usually collected in
bags containing citrate phosphate dextrose adenine (CPDA-
1) solution, as anticoagulant [22, 23], from which a platelet
concentrate is obtained by double centrifugation of the whole
blood or apheresis. Platelets concentrates obtained by such
methodologies may also be used for promoting tissue repair
[24]. On the other hand, recent PRP formulations for autol-
ogous applications are usually prepared in collection tubes
containing citrate solutions, in the form of sodium citrate
[25–29] or ACD-A [30–32]. This last, ACD, is present in the
majority of available commercial kits for PRP production [33,
34]. In other cases, heparin [35, 36] or EDTA [37] can be used.
For clinical investigations, EDTA is commonly used in hema-
tology tests, SC in coagulation tests, andACD in plasma levels
measurement of platelet-derived components [38].Therefore,
our goal was to analyze how the choice of anticoagulant for
blood collection would modulate PRP characteristics as well
as its effects on mesenchymal stromal cell culture.

2. Materials and Methods

2.1. Ethics Statement. All of the experimental procedures
were approved by the Ethics Research Committee of
the Pró-Cardı́aco Hospital, Rio de Janeiro (CAAE:
14878813.4.0000.5533), and all donors signed an informed
consent.

2.2. PRP Obtaining. PRP was obtained as previously described,
with minor modifications [39]. Peripheral blood was col-
lected from nine volunteer donors (6 men and 3 women)
using blood collection tubes containing sodium citrate (SC)
(Vacutainer�, Ref: 369714; BD Biosciences, San Jose, CA),
ethylenediaminetetraacetic acid (EDTA) (Vacutainer, Ref:
367861; BD Biosciences), or anticoagulant citrate dextrose
(ACD) solution A (Vacutainer, Ref: 364606; BD Biosciences)
solution. The blood collected in one ACD tube was main-
tained in the same tube or divided into three polypropylene
tubes containing no anticoagulant (Falcon�, Ref: 352063; BD
Biosciences), termed as ACD-2.

Tubes were centrifuged at 300 g for 5minutes (Megafuge�
40, Thermo Fisher Scientific, Waltham, MA). Supernatant
containing plasma and platelets, termed as platelet-rich
plasma 1 (PRP1), was collected fromeach tube and transferred
to new polypropylene tubes containing no anticoagulant. In
the case of ACD and ACD-2, after platelet counting, PRP1
from the same donors was mixed for the next experiments.
Then, PRP1 was centrifuged at 700 g for 17 minutes. Super-
natantwas collected, namely, platelet-poor plasma (PPP). Part
of the PPP from each tube was used to resuspend the platelet
pellet, forming the platelet-rich plasma 2 (PRP2), in order

to achieve the expected concentration of 106 platelets/𝜇L.
The platelets in PRP2 were activated by adding 1M CaCl

2

(final concentration of 20mM) and incubated at 37∘C for
1 hour. After clot formation, tubes were maintained at 4∘C
during 16 hours to allow clot contraction. Finally, tubes were
centrifuged at 3000 g for 20 minutes and the supernatant was
collected, termed as platelet-rich plasma releasate (PRPr).
The PRPr was freezed at −80∘C until thawing for experimen-
tal use.

2.3. Hematological Analysis. Counting of platelets, red blood
cells, white blood cells, and analysis of mean platelet volume
(MPV) were determined in whole blood, PRP1, PRP2, and
PPP fractions. Those analyses were performed with a hema-
tological analyzer (Mindray BC 2800, Perdizes, SP, Brazil).
Platelet recovery after the first centrifugation step, expressed
as a percentage, was calculated by dividing the total number
of platelets in PRP1 by the total number of platelets in whole
blood.

2.4. Quantification of Growth Factors. PRPr-derived TGF-𝛽1
and VEGF were quantified using ELISA kits (Ref: KAC1688
and Ref: KHG0111; Invitrogen�, Thermo Fisher Scientific)
according to manufacturer’s instructions. Absorbance was
determined using a microplate reader (Multiskan GO,
Thermo Fisher Scientific).

2.5. Bone Marrow-Derived Mesenchymal Stromal Cell (BM-
MSC) Isolation and Culture. 120mL of bone marrow was
obtained after donation with informed consent from two
donors (a 41-year-old woman, whose cells were used for cell
viability assays, and a 60-year-oldman, whose cells were used
for gene expression analysis). Mononuclear cells were sepa-
rated using the Sepax system (Biosafe, Eysins, Switzerland),
according to manufacturer’s instructions, and plated at 4 ×
105 cells/cm2 in Minimum Essential Medium Eagle Alpha
Modification (alpha MEM) (Cultilab, Campinas, SP, Brazil)
supplemented with 10% fetal bovine serum (FBS) (Gibco)
in T 150 cm2 culture flasks (Corning Incorporated, Corning,
NY) and maintained in a 5% CO

2
incubator at 37∘C. After

5 days, medium was changed and nonadherent cells were
discharged. Medium was changed every two days. This was
termed as “primary culture.” After approximately 10 days, 70–
80% confluence, cells were detached from culture flasks using
0.05% trypsin solution (Gibco�, Thermo Fisher Scientific)
and replated onto new culture flasks at a density of 8 ×
103 cells/cm2. After first trypsinization, culture was termed as
at “passage #1.” Experiments were performed until “passage
#5.”

2.6. Cell Viability Assay. The analysis of cell viability was
performed by incorporation with thiazolyl blue tetrazolium
bromide (MTT assay) (Sigma Aldrich, São Paulo, SP, Brazil).
Cells (passage #3) were plated at a density of 5 × 103 cells/cm2
in duplicate in 48-well plates (Corning Incorporated) in alpha
MEM (Cultilab) supplemented with 10% FBS (Gibco), 1%
PRPr, 2.5% PRPr, or 5% PRPr. Four different PRPr donors
were used. In another group, the four samples were pooled
with equal proportions of each donor, namely, PRPr MIX.
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After 8 days of culture, 0.5mg/mLMTT was added. Medium
was removed after 4 hours of incubation, and 400 𝜇L/well of
DMSO was added to dissolve the reduced formazan product.
The volume in each of the 48 wells was split into two wells in
a 96-well plate (Corning Incorporated). Finally, the plate was
read in a microplate reader (Multiskan GO, Thermo Fisher
Scientific) at 570 nm. Cell culture medium was not changed
during this experiment.

2.7. Gene Expression Evaluation. Cells (passage #5) were cul-
tured in alpha MEM (Cultilab) supplemented with 10% FBS
(Gibco), 1% PRPr, 2.5% PRPr, or 5% PRPr.The PRPr was used
as a pool of four different donors. After five days of culture,
total RNA was extracted using TRIzol� (Ambion�, Thermo
Fisher Scientific). RNA concentration was determined using
aNanodrop 2000UV-Vis spectrophotometer (Thermo Fisher
Scientific) and 2 𝜇g was reverse-transcripted into comple-
mentary DNA (cDNA) using SuperScript� First-Strand Syn-
thesis System for RT-PCR (Invitrogen, #11904-018) in a total
reaction volume of 20 𝜇L, following manufacturer’s proto-
col. Oligonucleotides and probes for qPCR were purchased
from Applied Biosystems (TaqMan Gene Expression Assay,
#4331182): HPRT1 (Hs02800695 m1), which was analyzed
as the housekeeping gene, SOX9 (Hs00165814 m1), RUNX2
(Hs00231692 m1), PPARG (Hs01115513 m1), and POU5F1
(Oct-4) (Hs0099634 9H). qPCR reactionswere performed in
an Applied Biosystems 7500 Standard Time PCR System in a
20𝜇L reaction volume using TaqMan�Universal Master Mix
II, with UNG (Applied Biosystems, #4440038), according to
manufacturer’s instructions. Analysis was performed using
the ΔΔCt method [40].

2.8. Statistical Analysis. Data were analyzed using a two-
tailed paired 𝑡-test for the hematological analysis, where
a group of the same donors were analyzed with different
anticoagulants. In the case of growth factor quantification and
cell culture experiments, where pairing of samples did not
necessarily occur, a two-tailed unpaired 𝑡-test was performed.
Statistical significance was considered when 𝑝 < 0.05.

3. Results

3.1. Effect of Different Anticoagulants on Initial Platelet Count-
ing and Recovery. Blood samples were collected from five
different donors in tubes containing EDTA, SC, or ACD,
and platelets were counted in an automated system. Blood
samples collected with EDTA yielded higher numbers of
platelets, followed by SC and ACD (Figure 1(a)). In average,
platelet counting in SC was 16.28% lower than that in EDTA,
while that in ACDwas 23.01% lower than in EDTA and 7.94%
lower than in SC. However, platelet recovery, regarding the
total number of platelets obtained after the first centrifugation
step, was higher in the presence of SC compared to EDTA and
ACD. The average of platelet recovery in EDTA and SC was
76.15% and 81.21%, respectively. Strikingly, platelet recovery
in samples collected with ACD was 45.71%, almost half of
those when using EDTA or SC. All three anticoagulants
tested herein were purchased in commercially distributed

tubes. ACD containing tube was bigger—taller and larger—
compared to EDTA and SC.

In order to verify if the lower platelet recovery was related
to the tube format, PRP was obtained from blood samples
anticoagulated in ACD using tubes of similar size compared
to EDTA and SC (ACD-2). Platelet recovery improved
(49.82%) but remained much lower than those recovered
when using EDTA (76.15%) and SC (81.21%). Values from
ACD-2 were statistically different from those obtained using
SC (𝑝 < 0.05) but not when compared to EDTA (𝑝 > 0.05)
(Figure 1(b)). If analyzed separately, it was possible to observe
that platelet recovery has increased in three of the five donors
when using ACD-2 instead of ACD, especially in donor 2,
with an increase of 63.74%, while it has decreased in two
donors, especially in donor 1, with a decrease of 25.48% after
the distribution of blood into the smaller tubes (Figure 1(c)).
In average, platelet concentration in PRP2 was 1,009 ± 57 ×
103/𝜇L in EDTA samples, 582 ± 108 × 103/𝜇L in SC samples,
726± 200× 103/𝜇L inACD samples, and 664± 170× 103/𝜇L in
ACD-2 samples. All values were statistically similar between
each other (𝑝 > 0.05), except between EDTA and SC (𝑝 <
0.05) (data not shown).

Although the mean platelet volume (MPV), which is
related to platelet size and indicates its degree of activa-
tion, was similar when whole blood (WB) samples were
anticoagulated in all three anticoagulants tested, it increased
progressively following the two centrifugation steps in EDTA
group in all donors (in average an increase of 11.60% after the
first centrifugation step and an additional increase of 2.84%
after the second centrifugation step, totaling 14.44% increase
compared to whole blood). This was not observed when WB
was anticoagulated in SC and ACD (Figure 2).

3.2. TGF-𝛽1 and VEGF Release from Platelet-Rich Plasma in
Different Anticoagulants. Up to this point, it was clear that
the anticoagulant has an impact on platelet recovery after
blood centrifugation. However, we questioned if it would also
change growth factors release from recovered platelets. For
that, we quantified TGF-𝛽1 and VEGF levels in an ELISA
assay. Growth factors concentrations were similar between
anticoagulant groups (𝑝 > 0.05) for both TGF-𝛽1 and VEGF.
TGF-𝛽1 concentration was 18,146.99 ± 2,370.33 pg/mL in
EDTA; 48,559.10 ± 12,839.86 pg/mL in SC; and 30,786.15 ±
6,654.49 pg/mL in ACD (Figure 3(a)). VEGF concentration
was 278.88 ± 71.78 pg/mL in EDTA, 143.65 ± 71.63 pg/mL in
SC, and 362.70 ± 77.95 pg/mL in ACD (Figure 3(b)).

3.3. BoneMarrow-DerivedMesenchymal Stromal Cell Culture.
In order to show the effects of factors released from platelets
obtained using different anticoagulants on modulating cell
expansion in vitro, we used the MTT cell viability assay to
analyze BM-MSC proliferation in the presence of different
concentrations of PRPr. FBS-supplemented culture medium
was used as reference (Figure 4). PRPrs were tested separately
and mixed (MIX). All concentrations of PRPr tested from
all donors were able to stimulate cell proliferation in vitro.
As expected, the higher concentration tested (5%) stimulated
the higher proliferative rate in vitro, regardless of the anti-
coagulant used. However, for this concentration, in average,



4 Stem Cells International

0

50

100

150

200

250

300

350

Donor 1 Donor 2 Donor 3 Donor 4 Donor 5

EDTA SCACD

Pl
at

el
et

s (
×
10

3
/𝜇

L)

(a)

0
10
20
30
40
50
60
70
80
90

100

EDTA SC ACD ACD-2

Pl
at

el
et

 re
co

ve
ry

 (%
) +

+

∗
∗

∘∘

(b)

0

10

20

30

40

50

60

70

80

ACD ACD-2

Pl
at

el
et

 re
co

ve
ry

 (%
)

Donor 1
Donor 2
Donor 3

Donor 4
Donor 5
Average

(c)

Figure 1: Platelet yield and recovery in blood collected with different anticoagulants. Blood was collected in EDTA, SC, and ACD in five
different donors and platelet concentration was quantified (a) as well as platelet recovery after the first centrifugation step (b). An individual
analysis between ACD and ACD-2 of platelet recovery was also performed (c). Data are expressed as bar (a), box (b), and dot (c) plots. Similar
symbols in (b) correspond to statistic similarity among groups (𝑝 > 0.05).

cell proliferation was lower in the presence of EDTA derived
PRPr compared to SC and ACD (Figure 4). In addition, cells
maintained their fibroblast-likemorphology regardless of the
anticoagulant type (Figure 5).

3.4. Modulation of Bone Marrow-Derived Mesenchymal Stro-
mal Cell Gene Expression by Platelet-Rich Plasma Culture.
We also analyzed gene expression of cells expanded in vitro
(Figure 6). Only cells cultured in 5% PRPr were tested. Using
10% FBS as reference, RUNX2 was slightly upregulated in
EDTA group and downregulated in SC group. PPAR𝛾2 was
slightly upregulated in EDTA group and downregulated in
SC and ACD groups. SOX9 was downregulated in all groups.
Oct-4 was upregulated in EDTA and ACD groups and down-
regulated in SC group. Although, in general, the gene expres-
sion was similar between the PRPr groups, especially when

observing the maximum and minimum relative quantifica-
tion of gene expression, the SC group presented the smallest
variation compared to the control group, by analyzing the
average relative expression of the four genes in the PRPr
groups compared to the FBS group. In average, SC relative
gene expression was 24.73% different from the control group,
while EDTA was 46.79% and ACD was 29.74% different.

4. Discussion

Platelet-rich plasma (PRP) is currently one of the main
strategies to promote musculoskeletal tissues repair. There
are several reports in the literature evidencing its potential
in clinical trials [2–11] as well as in vitro analysis [12–15]. As
a cost-effective source of autologous growth factors that can
affect stem cells proliferation and differentiation, it is being
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Figure 2:Mean platelet value quantification of samples containing different anticoagulants.Mean platelet valuewas quantified in five different
donors in whole blood (WB), PRP1, and PRP2, in tubes containing EDTA, SC, or ACD solution.The average values of the five different donors
are also represented in the figure. “∗” corresponds to statistical difference between EDTA and SC groups as well as EDTA and ACD groups
(𝑝 < 0.05).

increasingly investigated as a supplement, adjuvant, carrier,
or scaffold for stem cells-based therapeutics [41–45]. How-
ever, the lack of standardization between the methodology to
obtain and use PRP among different groups may hamper the
development of this technology [20].Theuse of anticoagulant
to collect blood is a major issue. The present work aimed

to verify PRP obtaining with three types of commercially
available blood collection tubes containing EDTA, SC, or
ACD as anticoagulants.

Platelet counting was higher in blood collected in tubes
containing EDTA, followed by SC and ACD. Indeed, it has
been previously shown that platelet count in EDTA can be
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Figure 3: Growth factor quantification in PRPr obtained in different anticoagulant. TGF-𝛽1 (a) and VEGF quantification (b). Data are
expressed as mean, and error bars correspond to standard error.

higher than in citrate anticoagulants [46]. Moreover, when
EDTA is added to citrated samples, it can enhance platelet
count inwhole blood [47]. Platelet recovery after the first cen-
trifugation step was diminished in ACD tubes compared to
EDTAand SC.Additionally, a higher concentration of PDGF-
BBwas found in PRP obtained with EDTA compared to ACD
[48]. In our case, we tried to enhance platelet recovery inACD
tubes by dividing its content into smaller tubes (12 × 75mm ×
5mL) with no additional anticoagulant. Although no statis-
tical difference has been detected between those two ACD
forms, the splitting of blood in the smaller tubes resulted in
a similar platelet recovery compared to EDTA group. Since
ACD tube is bigger (16 × 100mm × 8.5mL) than EDTA (13 ×
75mm × 4.0mL) and SC tubes (13 × 75mm × 4.5mL), it is
possible that the lower platelet recovery is due not only to
the type of anticoagulant itself but also to the tube format.
Particularly, the tube format may have superior influence
on whole blood/plasma than serum centrifugation, in view
of its higher viscosity [49]. For the following experiments,
we decided to mix ACD and ACD-2 PRP1 from the same
donors, since it is comprised of the same type of anticoagulant
and since the following centrifugation to prepare PRP2 was
performed in the same type of tube for all groups analyzed.

In order to verify if the centrifugation steps influenced
plateletsmorphology, we quantified themean platelet volume
(MPV) in whole blood, PRP1, and PRP2 obtained with dif-
ferent anticoagulants. The MPV in the EDTA group, but not
in SC and ACD groups, has increased after the centrifugation
steps, whichmay be an indicator of platelet activation [50, 51].
Indeed, a higher MPV is expected in whole blood collected
in EDTA compared to citrated samples [46]. In addition,
EDTA may change platelet morphology from a discoid to
an irregular spherical shape [52]. Indeed, the use of EDTA
faces ethical issues, such as being pointed to as a persistent
pollutant in natural environments [53], and impediments of

use in certain countries [54]. ACD and citrate-theophylline-
adenosine-dipyridamole (CTAD) are also more efficient in
maintaining platelet morphology than heparin and SC. In
that case, it has also been shown that PRP obtained with
ACD and CTAD resulted in higher TGF𝛽-1 concentration
and induction of MSC proliferation [55]. In another previous
study, EDTA, SC, and ACD were compared as maintainers
of platelet responsiveness to aggregation inducers. ACD was
themost capable tomaintain intraplatelet signal transduction
mechanisms during PRP formulation [56]. The same group,
lately, showed that ACD was also capable of maintaining
platelet functions for periods of time superior to SC [57]. In
our case, we could not find any difference in the capability of
platelet activation and clot formation in PRP2 obtained with
the three different anticoagulants.

Our next step was to evaluate the effect of PRP obtaining
in cell culture. For that, we normalized the platelet concen-
tration to ideally 1000 × 103/𝜇L in all groups, in a way that
the results would not correlate to platelet concentration but
to the type of the anticoagulant.This platelet concentration in
PRP is being pointed to as a therapeutic concentration for in
vivo purposes [1]. In bone, for example, lower concentrations
are unsatisfactory and higher concentrations are inhibitory
to promote tissue repair [11]. The only statistical difference
observed in platelet concentration in PRP2 was between
EDTA and SC group. The lower value in SC group may be
attributed to a difficulty to resuspend platelet pellet. Platelet
concentrate bags prepared with citrate samples, in form
of ACD, contain more aggregates than bags prepared with
EDTA [52]. Moreover, the effects of PRPr on cell culture were
always compared to 10% FBS medium supplementation. In
spite of being a xenogeneic serum with ethical and scientific
issues [58], FBS is still widely used in cell culture [59] and
MSC in vitro expansion [60].
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Figure 4: BM-MSC viability in PRPr obtained with different anticoagulant. Absorbance at 570nm was measured after MTT viability assay
of cells cultivated in different PRPr concentrations, obtained with EDTA (a), SC (b), and ACD (c), as well as 10% FBS (control). Data are
expressed as mean, and error bars correspond to standard error. “∗” corresponds to statistical similarity with 10% FBS (𝑝 > 0.05).

In our study, we could not find differences in TGF𝛽-
1 and VEGF concentration among the anticoagulants. It
could be possibly due to the similar platelet concentration
between groups. In average, TGF-𝛽1 concentration varied
from 18.15 ng/mL in EDTA to 48.56 ng/mL in SC. Other liter-
ature reports present concentrations superior to our finding:
120 ng/mL [61], 169 ng/mL [62], and 89 ng/mL in a PRP with
platelet concentration 4.69 times superior to whole blood
baseline but 20 ng/mL in a PRP with platelet concentration
1.99 times superior to whole blood baseline [63]. VEGF con-
centration ranged from 143.65 pg/mL in SC to 362.70 pg/mL
in ACD. Other reports present concentrations varying from
50 pg/mL [64] to 155 ng/mL [61]. Nevertheless, our results
were superior to some commercially available kits [65].

As expected, PRPr induced cell proliferation. Although
therewere variations comparing the influence on cell prolifer-
ation between donors, possibly due to an inherent difference

on growth factors and other molecules content among each
platelet granule, an evident pattern emerged: the concentra-
tion of 5% PRPr in cell culture medium was sufficient to
induce cell proliferation in a similar level to 10% FBS. Addi-
tionally, SC and ACD-derived PRPr presented greater effects
over cell proliferation compared to EDTA group. Cell mor-
phology was not changed among groups. BM-MSC main-
tained their fibroblastic morphology regardless of the antico-
agulant. Although there are still controversies in the literature
regarding PRP effects on BM-MSC differentiation, there is a
consensus on its effect as an inducer of proliferation [66].

As a final analysis of PRPr effects on BM-MSC, we
observed slight modulations in the expression of the master
genes for the osteogenic (RUNX2), adipogenic (PPAR𝛾2),
and chondrogenic (SOX9) lineages [67], as well as Oct-4, a
gene related to maintenance of stemness [68, 69]. Particu-
larly, SOX9 expression was downregulated. Indeed, there is a
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(a) (b)

(c) (d)

Figure 5: Photomicrography of BM-MSC. Cells cultivated for eight days in medium supplemented with 10% FBS (a) or a pool from four
donors of 5% PRPr obtained from collection tubes containing EDTA (b), SC (c), or ACD (d). Phase contrast, 200x magnification, and scale
bars: 50 𝜇m.
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Figure 6: Relative gene expression. RUNX2, PPAR𝛾2, SOX9, and Oct-4 gene expression in cells cultured in medium supplemented with 10%
FBS (control group) or 5% PRPr obtained with EDTA, SC, or ACD. Data are expressed as relative quantification of gene expression (RQ).
Upper and lower error bars correspond to RQ maximum and RQ minimum, respectively.
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discussion in the literature regarding the PRP effects on chon-
drogenesis, with some groups claiming its inducing effects
[70, 71] and others its inhibitory effects [72, 73]. Recently, our
group has showed that it can be dependent on the concentra-
tion of PRPr used in cell medium, with lower concentrations
inducing chondrogenesis and higher concentrations inhibit-
ing it [74]. Oct-4 expression presented an intense variability,
with upregulation in EDTA and ACD groups and downreg-
ulation in SC group. Whether this can be an indicator of
the maintenance of cells stemness or not, it must be further
investigated. In general, gene expression was similar between
PRP groups, although SC was the group that presented the
smaller variation compared to 10% FBS culture, evidencing
that cells presented the lightest changes in their phenotype
with this treatment.

5. Conclusion

The literature provides a variety of methodologies to obtain
PRP. The first variation is the methodology to collect blood
and the anticoagulant used. In this paper, we analyzed the
effects of three different anticoagulants, obtained in commer-
cially available tubes, on PRP obtaining. Although no signif-
icant change in the amount of growth factors released was
observed, some features could be highlighted.The blood col-
lection in tubes containing EDTA resulted in higher platelet
yield in the whole blood. However, this was accompanied by
an increase of MPV following the centrifugation steps, which
is an indicator of change in platelet morphology. On the other
hand, the use of tubes containing citrate solutions resulted
in a greater induction of MSC proliferation. Particularly, the
obtaining in SC resulted in the higher platelet recovery after
the first centrifugation step. If ACD is used, the reduction of
the tube size may increase platelet recovery. In addition, the
PRP obtained in SC presented the smallest variation in MSC
gene expression compared to cells cultured in the presence
of 10% FBS. Therefore, in order to obtain a bigger amount of
platelets and induce MSC proliferation without dramatically
interfering with their phenotype, we suggest the use of SC as
anticoagulant for PRP acquisition.
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M. Mir, and P. Wehling, “Treatment of muscle injuries by local
administration of autologous conditioned serum: a pilot study
on sportsmen with muscle strains,” International Journal of
Sports Medicine, vol. 25, no. 8, pp. 588–593, 2004.

[22] Z. R. Mrowiec, L. Oleksowicz, J. P. Dutcher, M. De Leon-
Fernandez, P. Lalezari, and E. G. Puszkin, “A novel technique
for preparing improved puffy coat platelet concentrates,” Blood
Cells, Molecules, and Diseases, vol. 21, no. 1, pp. 25–33, 1995.

[23] S. Ferizhandy Ali, “Platelet activation in stored platelet con-
centrates: comparision of two methods preparation,” Journal of
Blood Disorders & Transfusion, vol. 2, no. 2, pp. 2–4, 2011.

[24] G. Bernardini, F. Chellini, B. Frediani, A. Spreafico, and A.
Santucci, “Human platelet releasates combined with polygly-
colic acid scaffold promote chondrocyte differentiation and
phenotypic maintenance,” Journal of Biosciences, vol. 40, no. 1,
pp. 61–69, 2015.

[25] E. Kon, R. Buda, G. Filardo et al., “Platelet-rich plasma: intra-
articular knee injections produced favorable results on degen-
erative cartilage lesions,” Knee Surgery, Sports Traumatology,
Arthroscopy, vol. 18, no. 4, pp. 472–479, 2010.

[26] E. Anitua and G. Orive, “Short implants in maxillae and
mandibles: a retrospective study with 1 to 8 years of follow-up,”
Journal of Periodontology, vol. 81, no. 6, pp. 819–826, 2010.

[27] E. Anitua, B. Pelacho, R. Prado et al., “Infiltration of plasma
rich in growth factors enhances in vivo angiogenesis and
improves reperfusion and tissue remodeling after severe hind
limb ischemia,” Journal of Controlled Release, vol. 202, pp. 31–
39, 2015.

[28] J.-C. Lee, H. J. Min, H. J. Park, S. Lee, S. C. Seong, and M.
C. Lee, “Synovial membrane-derived mesenchymal stem cells
supported by platelet-rich plasma can repair osteochondral
defects in a rabbit model,” Arthroscopy, vol. 29, no. 6, pp. 1034–
1046, 2013.

[29] M. Pihut, M. Szuta, E. Ferendiuk, and D. Zeńczak-Więckiewicz,
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