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The aim of this in vitro short report was to determine whether activation of platelet-rich plasma (PRP) results in
differential effects on growth factor release and cell proliferation in reproductive medicine. This study involved PRP
from five donors, activated with either CaCl, (exogenous activation) or type I collagen (mimicking endogenous
activation). The release of growth factors (EGF and PDGF-AB) and the proliferative response of human ovarian
fibroblasts were analysed. PRP activated with CaCl, formed stable clots and released statistically significant higher
levels of EGF (8714426 pg/mL) and PDGF-AB (26535+6477 pg/mL) compared to collagen-activated PRP (EGF:
141+66 pg/mL, PDGF-AB: 13060+2301 pg/mL). Additionally, CaCl,-activated PRP induced greater proliferation

in ovarian fibroblasts (34.90+17.82 ng/mL DNA) than collagen-activated PRP (30.75+ 1821 ng/mL DNA). In
conclusion, the activation of PRP with CaCl, results in higher growth factor release and a stronger biological
response compared to type | collagen-activation. These findings underscore the importance of standardized PRP
activation protocols to enhance clinical outcomes in reproductive medicine.
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Introduction

The use of platelet-rich plasma (PRP) is becoming
increasingly prevalent in various medical fields. Its
application in assisted reproductive techniques (ART)
is witnessing the most rapid growth [1] due its capac-
ity to stimulate angiogenesis and promote cell prolifera-
tion [2]. Indeed, the role of platelets has been extensively
described at all stages of reproductive physiology, includ-
ing folliculogenesis, ovulation, placental development,
implantation and embryogenesis [3]. PRP is a promising
treatment for infertility with potential implications in the
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field of reproductive medicine. This therapy promotes
endometrial thickening, favours embryo implantation,
participates in ovarian reactivation, improves oocyte and
embryo quality, and supports the viability and growth
of early human preantral follicles [4—10].However, there
are conflicting clinical results, which may be partially
explained by the variability in the protocols used to
obtain and apply PRP [11]. One of the key issues respon-
sible for the variability in reported clinical outcomes is
the activation of PRP. Controlled activation of platelets
and the coagulation cascade can be achieved with Ca*?,
mainly CaCl, (exogenous activation). Nevertheless, some
protocols rely on activation of the PRP in the target tis-
sue itself and do not activate, leaving activation mainly
to tissue collagen (endogenous activation). It should be
noted that most PRP collection systems anticoagulate the
blood with citrate, which chelate Ca*? in the blood and
prevent clotting and platelet activation. To shed light on
the importance of PRP activation, PRP from five donors
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was activated with CaCl, and type I collagen. The release
of growth factors and the proliferative response of ovar-
ian fibroblasts were then examined.

Methods

The study protocol was approved on November 7, 2022,
by the Araba University Hospital Clinical Research Eth-
ics Committee (BTI-01-1V/22/CPL). No registration was
required for this in vitro study (Clinical Trial Number:
not applicable).

Preparation of PRP

Figure 1 shows the PRP preparation scheme and meth-
odology. PRP was prepared according to the PRGF-Endo-
ret (Plasma Rich in Growth Factors) technology (KMU
19, BTI Biotechnology Institute, Vitoria, Spain). Blood
from five healthy donors (3 females and 2 males; mean
age 47.8£16.9 years old) was withdrawn into 9-mL tubes
containing 400 pL sodium citrate (3.8%) as an anticoag-
ulant. The tubes were centrifuged at 580 g for 8 min at
room temperature (RT) in a System V centrifuge. The
non-activated liquid PRGF was obtained by fractioning
the whole plasma column, excluding the buffy coat. A
haematological analysis (Pentra ES 60, Horiba ABX SAS,
Montpelier, France) was performed to characterize the
whole blood and the liquid PRGF prior to activation.

PRP activation
Plasma from each donor was distributed into two sepa-
rate aliquots: the first one was activated with 20 pL of
10% CaCl, (PRGF activator) per mL of PRGF and the sec-
ond aliquot was activated with 11.1 pg collagen I (Hart
Biologicals, Hartlepool, UK) per mL of PRGF (Fig. 1).
Samples were examined after one hour at 37 °C for
clotting and retraction, and centrifugated at 1000 g for
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10 min at RT. Then, the clots were removed and the
PRGF supernatants were filtered through 0.22 pm PES
filters, aliquoted, and stored at -80 °C until use.

Growth factor content

Epidermal growth factor (EGF) and platelet-derived
growth factor (PDGF-AB) were quantified in duplicate
by ELISA (R&D Systems Inc-Bio-Techne, Minneapolis,
USA) in CaCl,- and collagen-activated samples. Results
were expressed as pg/mL.

Cell proliferation assay

Human ovarian fibroblasts (HOF, Innoprot, Derio, Spain)
were seeded at a density of 5000 cells/cm? in their routine
culture medium in 96-well dark-bottom plates for 24 h.
After removing the medium, the cells were cultured with
basal medium supplemented with 10% of plasma super-
natant, either CaCl,- or collagen- activated for 72 h. Cell
proliferation was quantified by the change in DNA con-
tent (Cyquant assay, Thermo Fisher, Waltham, USA).

Statistical analysis

Results were expressed as mean tstandard deviation.
Normality was tested using the Shapiro—Wilk test.
Paired-sample t-test was used to compare both groups.
Statistical analyses were performed with SPSS Statistics
15.0 (IBM, Chicago, USA) with a significance level of
p<0.05.

Results

PRP characterization

The mean platelet concentration (x103/uL) in peripheral
blood and PRGF was 255+ 37 and 486+ 95 respectively,
which is a 1.9+0.2-fold increase over the peripheral
blood value. Platelet recovery in PRGF was 85+ 3.8%.
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Fig. 1 Scheme of platelet-rich plasma (PRP) preparation and layout of experiments, including cell proliferation and ELISA assays
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Fig. 2 EGF and PDGF-AB levels (pg/mL) in the CaCl, and collagen | activated samples and cell proliferation of human ovarian fibroblasts (measured as

DNA in ng/mL) after 72 h incubation with both preparations (* p <0.005)

Leukocyte mean concentration (x10%/uL) in peripheral
blood was 6.4+0.5, whereas in PRGF it was almost zero
(0.2£0.1). The mean value of erythrocytes (x10%/uL)
in peripheral blood was 4.80+0.42 while in PRGF was
almost undetectable (0.01 +0.01).

Clot formation

Activation with CaCl, resulted in the formation of a firm
and stable clot, which exhibited retraction after one hour
of incubation at 37 °C for all donors. Conversely, incuba-
tion with type I collagen did not result in clot formation,
but rather the formation of a gelatinous mass with no
apparent clot retraction.

Growth factor content

The release of two platelet growth factors exhibited nota-
ble differences between the two activation modes (Fig. 2).
EGF was 871 +£426 pg/mL in CaCl, activated samples and
141+ 66 pg/mL in collagen activated samples (p <0.005).
For PDGE-AB, higher levels were also observed in CaCl,-
activated samples compared to collagen-activated sam-
ples, 26,535 + 6477 versus 13,060 + 2301 (p <0.005).

Cell proliferation

HOF cells exhibited a statistically significant increase
(p<0.005) in proliferation when the culture medium was
supplemented with CaCl,-activated plasma (34.90 +17.82
ng DNA/mL) compared to the collagen I activated group
(30.75+18.21 ng/mL) (Fig. 2). In addition, the prolifera-
tive response exhibited by both groups was statistically
significantly higher than that of the control group (sup-
plier’s recommended medium).

Discussion

The main findings of this study are that the activation
with CaCl, produces more platelet growth factors and
a greater biological response than collagen I activation.
Our results are in line with those recently reported [2]
regarding the need to activate the applied PRP; these
authors speculate that activation may not be necessary
because the resting platelet membrane receptors (CD40

and allbB;) may be sufficient to stimulate folliculogen-
esis, but on the other hand they point out the importance
of the molecules released during platelet degranulation.
Nevertheless, our findings are also consistent with those
of Cavallo et al. [12], who demonstrated that the release
of PDGF, TGF-p, and VEGF in CaCl,-activated PRP sam-
ples were superior to those in PRP activated with colla-
gen. Based on these findings, the researchers concluded
that collagen I could be classified as a weak platelet acti-
vator. Similarly, Rickers et al. propose exogenous activa-
tion of PRP rather than infiltration of non-activated PRP
to optimize ovarian follicular response, suggesting that
PRP-derived molecules have the potential to stimulate
stem cell differentiation and proliferation by enhancing
angiogenesis and, ultimately, modulating inflammation
[13]. The importance of PRGF-containing growth factors
in reproductive biology has been extensively described.
Thus, EGF has been implicated in both ovulation [14] and
oocyte development and maturation [15]. On the other
hand, PDGF has been reported to promote the transition
from primordial to primary follicles [16].

Recently, Serdarogullari et al. [17] discussed PRP prep-
aration and activation protocols. However, in most of the
34 trials reviewed, there was no information on the acti-
vation. Regardless, all data from both PRP preparation
and application should be reported to ensure reproduc-
ibility. In reproductive medicine, as in other areas, the
full activation of PRPs allows for the whole platelet con-
tent that cannot be achieved without this step.

Our study has several limitations, including being pre-
liminary, using a single cell phenotype, and the lack of
clinical efficacy data. Despite this, further research is
needed to elucidate the molecular mechanisms under-
lying the clinical efficacy of PRP and to determine the
impact of PRP activation on the clinical outcome. In any
case, PRGF appears to be a promising autologous adju-
vant therapy for infertility, that is readily available and
free of immunological reactions.
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EGF Epidermal growth factor

HOF Human ovarian fibroblasts
PDGF-AB  Platelet derived growth factor AB
PRGF Plasma rich in growth factors

PRP Platelet-rich plasma

RT Room temperature

TGF-B1 Transforming growth factor-beta 1
VEGF Vascular endothelial growth factor
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