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Platelet-rich fibrin (PRF) is a natural reservoir for growth factors because it forms of a strong
fibrin matrix. PRF is harvested by centrifuging blood collected without anticoagulants and func-
tions by allowing slow release of several growth factors, which is useful for tissue regeneration.
However, despite the multitude of clinical applications for PRF, there is little valid evidence for its
performance based upon dynamic or molecular analyses. Clinical data on PRF clot, membrane,
exudate, and supernatant forms, especially in the context of platelet-derived growth factor-BB
(PDGF-BB) distribution, have not been sufficiently analyzed. In this study, PRF was separated
into portions (upper and lower halves) containing different numbers of platelets and leukocytes.
PDGF-BB levels were measured after guanidine hydrochloride (GndHCI) treatment or incuba-
tion in culture media. Our results demonstrated that a higher concentration of PDGF-BB accu-
mulated in clots and membranes from the lower half of PRF. In addition, PDGF-BB could be
efficiently extracted from PRF using GndHCI. The lower membrane portion, which dissolved in
culture medium within 3 days, released PDGF-BB at a higher rate than the upper membrane
portion, which was more stable in the medium. This study provides novel information about
growth factor dynamics in PRF and will help clinicians develop strategies for tissue engineering
by selectively utilizing the upper or lower portion of PRF.
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Introduction

Various techniques for fractionating and concentrating
human blood have yielded a number of autologous plate-
let-derived materials that may improve regenerative graft-
ing outcomes. Platelet «-granules contain a variety of
growth factors such as transforming growth factor (TGF 51,
TGF 32), platelet-derived growth factor (PDGF), basic fi-
broblast growth factor (bFGF), insulin-like growth factor
(IGF-I, IGF-Il), epidermal growth factor (EGF), platelet-de-
rived epidermal growth factor (PDEGF), vascular endot-
helial growth factor (VEGF-A, VEGF-C), and hepatocyte
growth factor (HGF)'®. Concentrated platelets can accel-
erate tissue regeneration and increase the quality and quan-
tity of newly formed tissues by functioning as an ideal res-
ervoir for autologous growth factors. Local application of
platelet concentrate has been used for several decades
as an adjunct to wound healing®®. The platelet concen-
trate releases abundant platelet-derived growth factors,
which are essential regulators for proliferation, migration,
and survival of mesenchymal cell lineages'. PDGF is a
disulfide-linked dimeric protein composed of 2 polypeptide
chains that may exist as a homodimer (PDGF-AA, PDGF-
BB, PDGF-CC, PDGF-DD) or as a heterodimer (PDGF-
AB)'. PDGF-AA and PDGF-BB regulate cell growth and
chemotaxis. PDGF-BB is the most potent PDGF isoform,
due to its ability to increase the number of collagen-syn-
thesizing cells, promote angiogenesis, and stimulate mito-
genesis of osteoblast precursors'?19).

Platelet-rich plasma (PRP)'" is the first generation of
plasma rich in platelets (1 million/ xL)?, has been used in
various surgical fields'®2"), and is the family of human blood
concentrates currently available for clinicians to enhance
tissue healing. To prepare PRP, blood is collected with
anticoagulant and immediately centrifuged twice. The re-
sulting platelet concentrate is applied to the surgical site
with a syringe, together with thrombin and/or calcium chlo-
ride to trigger platelet activation and fibrin polymerization®.
The advantage of PRP is the release of significant growth
factors in response to massive platelet activation by
thrombin?®. However, bone formation requires a slow re-
lease of growth factors to enable osteoblast immigration
and periodic bone remodeling over a period of approxi-
mately 2 weeks®). PRP has rather low osteoneogenic
performance® and has a short osteoconductive effect af-
ter grafting®). For this reason, other methods have been
developed for long-term release of growth factors.
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Choukroun'’s platelet-rich fibrin (PRF)® is the latest de-
velopment in reliable platelet concentrates. To gener-
ate PRF, blood is collected without anticoagulants. It is
immediately centrifuged for 12 min at 400 x g to generate
PRF in a layer sandwiched between plasma and red blood
cells (RBCs). A natural coagulation process then occurs
and allows for easy collection of a leukocyte- and platelet-
rich fibrin clot, without the need for biochemical modifica-
tion of the blood®. The resulting PRF thus becomes a bio-
stimulating fibrin-rich dense gel, resistant to traction and
tearing, which can be compressed to act as a membrane.
There is limited information on the clinical utility of the fi-
brin clot and supernatant, including the length and extent
of their efficacy. Few studies have conducted dynamic
analyses of PRF, focusing instead on the release of growth
factors into the culture medium. This may be due to the
difficulty in extracting growth factors trapped in the PRF
matrix.

The aim of this study was to develop an optimal PRF
utilization strategy by examining the characteristics of PRF
supernatant, exudates, clots, and membranes. To this end,
we performed a dynamic analysis of one of the growth fac-
tors released by PRF, PDGF-BB, focusing on its distribu-
tion in various parts of PRF and the distinct degradation
rate of PRF membranes. To accurately measure PDGF-
BB trapped within the fibrin matrix of PRF, we propose an
extraction method for isolating growth factors from strong
fibrin mesh by mechanical and chemical digestion with
guanidine hydrochloride (GndHCI), followed by dialysis. The
amount of PDGF-BB was compared to that obtained by
the conventional method, demonstrating the effectiveness
of the GndHCI extraction method. These results may help
optimize clinical applications of PRF for a variety of pur-
poses.

Materials and Methods
1)Isolation of PRF from blood

Blood was collected from 6 male donors (n = 6), who
were non-smokers, with no history of anticoagulation drug
intake, and aged between 25 and 65 years. The experi-
mental procedures were approved by the Institutional Eth-
ics Committee of Tokyo Medical and Dental University.
PRF clots were prepared according to the method of
Choukroun®. Venous blood (12 mL) was drawn and dis-
tributed evenly into 4 glass tubes and centrifuged at 400
x g at room temperature for 12 min (Heraeus Labofuge
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Fig.2 The method of sampling preparations

Whole blood samples (3 mL per tube) were centrifuged to separate into an upper liquid
layer (supernatant), middle gel-layer, and lower RBC layer. The gel layer and top 1-mm
of the RBC layer below comprised PRF. PRF was divided into an upper clot and lower
clot, from which exudates could be extracted. Half of the clot samples were compressed
to form PRF membranes. Consequently, 7 different samples were prepared: superna-
tant, upper clot, lower clot, upper membrane, lower membrane, upper exudate, and
lower exudate.

Fig.1 Isolation of PRF from blood

(A) Centrifugation of blood. Three layers were formed: the superna-
tant, middle gel layer, and bottom layer of RBCs. (B) Isolation of PRF
by cutting at the upper 1 mm of the red blood cell layer. (C) PRF was
divided into halves by length. (D)-(E) The upper and lower clots. (F)-
(G) The upper and lower membranes were made by compressing
the upper and lower clots using a homogenizer f to control mem-
brane thickness. (H)-(I) The upper and lower membranes after pro-
cessing.

300, Buckinghamshire, UK). After centrifugation, 3 layers
are formed: the supernatant at the top, the middle layer,
and the RBC layer at the bottom (Fig.1). The supernatant
was removed and PRF was isolated by collecting the up-
per layer after cutting 1 mm below the junction between
the middle and RBC layers.

2)Fractionation of PRF into upper and lower clots/mem-

branes/exudates

As shown in Figure 1, PRF was divided into 2 parts by
measuring macroscopically and cutting in half by length.
PRF was separated into upper and lower layer clots, the
exudates from these clots were collected (Fig.2) by syringe
and stored at -80°C for measurement of PDGF-BB. Half of
the samples were used to prepare PRF membranes and
the other half were used as PRF clots. The membranes
were made by compressing either the upper or the lower
clot to produce a strong, tear-resistant fibrin matrix mem-

brane. The exudates released from the membranes were
not included in the exudate samples because of their small
amounts and inapplicability in clinical situations. Thus, 7
different groups (n = 6) were prepared: upper clot, lower
clot, upper membrane, lower membrane, upper exudate,
lower exudate, and supernatant from the top phase of the
centrifuged blood. Each sample was used for direct PDGF-
BB extraction analysis immediately after PRF preparation.
Another set of PRF membranes was incubated in Dulbecco’s
Modified Eagle’s Medium (DMEM) to profile PDGF-BB re-
lease during the experimental period; this was compared
to the direct extraction method using GndHCL.

3)Direct extraction method by GndHCI for measurement

of PDGF-BB concentration in PRF

All samples were placed in tubes containing 3-fold vol-
ume of sample weight of 4 M GndHCI in 50 mM Tris-EDTA
(TE) buffer [50 mM Tris-HCI, 1 mM EDTA, pH 7.4]. How-
ever, the homogenized membranes were viscous and dif-
ficult to transfer the material into dialysis bags. We used
30-fold volume of sample weight of 4 M GndHCI to extract
PDGF-BB from the membranes. The samples were ho-
mogenized using a Dounce homogenizer and centrifuged
at 7,300 x g at 4°C for 10 min. The supernatants were dia-
lyzed for 1 week against distilled water to remove GndHCl
and for 2 days against PBS. Distilled water and PBS were
changed daily throughout dialysis. Guanidine hydrochlo-
ride extract was collected from all samples and stored at
-80 C until PDGF-BB measurement.
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4)Incubation method to measure PDGF release and ex-

amine the stability of PRF membrane

The upper and the lower membranes were prepared and
incubated in DMEM. At each experimental time point (20
min, 1 h, 4 h, 24 h, and 72 h), the conditioned medium was
collected and stored at -80°C for PDGF-BB measurement
and the medium was replaced with fresh medium. The char-
acteristics and rate of degradation of the PRF membranes
were observed during the 1-week incubation period.

5)Enzyme-linked immunosorbent assay

PDGF concentration was determined by enzyme-linked
immunosorbent assay (ELISA) using an ELISA kit (RayBio-
tech, Inc., Norcross, GA, USA) following the manufacturer’s
protocol. Absorbance was measured at 450 nm with a spec-
trofluorometer (ARVO SX, PerkinElmer, Waltham, MA,
USA).

6)Statistical analysis

The amount of PDGF-BB per sample weight was shown
in pg/mg for comparison between samples. This amount
was calculated as shown below;

PDGF-BB (ng/mL blood)x 1000
Sample weight (mg/mL blood)

PDGF-BB per sample weight (pg/mg) =

All data are presented as mean = standard error (S.E.).
Intergroup comparisons were performed using Student1s
t-test for incubation method and Tamhane’s T2 test for post
hoc multiple comparisons among PDGF-BB values for
GndHCI extraction method.

Results
1)Sample weight

Following routine procedures for managing PRF, PRF
clots were removed from the glass tubes with forceps and
held upright when cut (Fig.1). This action stretched the fi-
brin matrix and resulted in a loose fibrin matrix and light
weight in the upper part (Table 1). On the other hand, the
lower part had less stretched but more exudate than the
upper part, resulting in greater weight and larger amount
of exudate. Although there is a difference between the num-
ber of platelets and leukocytes®?, this difference may not
affect the weight of the upper and the lower parts of PRF.

2)PDGF-BB distribution
To determine the distribution of PDGF-BB in each
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Table 1 Amount and concentration of PDGF-BB from direct
extraction method by GndHCI denote mean = S.E.,

n=6
e ekl PDGF-BB (ng/ml PDGF-BB per
Samples (m /pml bloogd) blood, percentage sample weight
9 of total PDGF-BB) (pg/mg)
28.65 +4.46
+
Supernatant 525.13 189.65 (41.29%) 55.19 £3.69
1.66 £0.28
+ +
Upper clot 36.89 +4.93 (2.39%) 43.59 £2.41
17.70 £2.95
+ +
Lower clot 80.99 +9.93 (25.51%) 213.17 £125
6.77 £1.01
+ +
Upper exudate 182.73 =17.21 (9.76%) 35.98 £2.7
14.61 =1.34
+
Lower exudate 590.67 54.85 (21.05%) 24.92 .27
Upper membrane 4.66 +0.35 0.53 +0.04 113.95 +6.51
Lower membrane 18.69 +=2.02 3.71 £0.26 208.75 £26.73

sample, we measured the PDGF-BB concentration in the
7 samples described above. We calculated the amount of
PDGF-BB relative to the original sample weight and the
results are expressed in pg/mg (Table 1, PDGF-BB per
sample weight). In the direct extraction method, all samples
were treated with GndHCI and dialyzed to extract PDGF-
BB. The lower clot and membrane contained the highest
concentrations of PDGF-BB and there was no significant
difference between these samples. Conversely, the upper
and the lower exudates contained the smallest concentra-
tions of PDGF-BB and there was no significance between
these samples (Tamhane’s T2, p < 0.05).

3)PRF membrane degradation

To evaluate the degradation rate of PRF membranes and
correlate it with PDGF-BB release from the membranes,
PRF was incubated in cell culture medium and PDGF-BB
concentrations were measured by ELISA after 20 min, 1 h,
4 h, 24 h, and 72 h. The lower membrane started to de-
grade from the RBC side and the proceeded to the other
side over 3 d, whereas the upper membrane did not de-
grade until day 7 (Fig.3). The amount of PDGF-BB released
from the upper and lower membranes was significantly dif-
ferent at each time point during the incubation period
(student’s t-test, p < 0.05). Both membranes rapidly re-
leased PDGF-BB from the start of the incubation until 4 h,
followed by dramatically slower release for the remainder
of the study (Fig.4A).

The amount of PDGF-BB reached 0.48 == 0.05 ng in the
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Fig.3 Degradation of PRF membranes incubated
in culture medium

The upper and lower membranes were incubated in
DMEM and the medium was collected at 20 min, 1 h,
4 h, 24 h, and 72 h for ELISA. The lower membrane
degraded by more than 80% within 3 d, while the upper
membrane maintained its original shape and started to
degrade at day 7. The lower right panels show the out-
lines of the membranes which were highlighted in size
and shape during the incubation period. Arrows indi-
cate the red blood layer side where degradation be-
gan.

upper membrane and 3.48 % 0.06 ng in the lower mem-
brane of PRF prepared from 1-mL blood samples (Fig.4B).
In comparison, the direct extraction method yielded 0.53
=+ 0.04 ng PDGF-BB in the upper membrane and 3.71 &
0.26 ng in the lower membrane. This result indicated that
the direct extraction method using GndHCI is more effi-
cient than the incubation method for PDGF-BB extraction
from the PREF fibrin matrix.

Discussion

PRF is a pure natural matrix, full of leukocytes and plate-
lets, produced from a patient’s blood by one-time centrifu-
gation without anticoagulants or chemical agents. Thus,
PREF is likely to be easy to handle for clinical use.

In this study, we identified the lower clots and membranes

PDGF-BB accumulation rate (ng/h)

Upper
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==L ower
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- - - , Time (h)
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B
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Fig.4 Release and accumulation of PDGF-BB from the upper
and the lower membranes

(A) PDGF-BB release rate at 20 min, 1 h, 4 h, 24 h, and 72 h. (B)
PDGF-BB accumulation. Dashed lines show the total amount of PDGF-
BB extracted directly from both membranes; solid lines represent the
amount of PDGF-BB released during incubation in culture medium.
Both membranes showed rapid release of PDGF-BB in the first 4 h of
incubation, followed by a slower release afterward. The total amount
of extracted PDGF-BB is expressed as mean = S.E., n = 6.

to be the most abundant source of PDGF-BB among PRF
fractions extracted by GndHCI. Furthermore, the upper and
lower membranes exhibited different PDGF-BB-release
properties, which can be partly explained by their distinct
degradation rates.

To prove our hypothesis that PDGF-BB is trapped in the
PRF fibrin matrix and can be extracted by GndHCI, we
compared the concentration of PDGF-BB in the mem-
branes, clots, and exudates. Notably, the lower clot and
membrane showed higher concentrations of PDGF-BB,
while the exudates contained PDGF-BB at very low con-
centrations (Fig.5), indicating that PDGF-BB in the PRF
membranes was rarely released once the PRF clots were
forcibly compressed. The upper clot, consisting of imma-
ture fibrin matrix®), trapped only small concentrated
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Fig.5 PDGF-BB yield from direct extraction
PDGF-BB was extracted with 4 M GndHCI immediately
after PRF harvesting and then dialyzed. The amounts of
PDGF-BB per sample weight (pg/mg) were calculated from
ELISA results. Letters indicate significant difference ac-
cording to Table 1 (Tamhane’s T2, error bars denote mean
=+ S.E. *p < 0.05, n = 6). The lower clot and membrane
had the highest concentration of PDGF-BB, while the up-
per and lower exudates had the lowest concentration of
PDGF-BB.

amounts of PDGF-BB, which is reflective of the lower con-
centration in the upper membrane.

Support for our hypothesis was strengthened by com-
paring release of PDGF-BB after direct extraction to re-
lease after incubation in culture medium (Fig.4B). The
amount of PDGF-BB released after 72 h incubation in cul-
ture medium, when the lower membrane had completely
degraded, was similar to the total amount of PDGF-BB
extracted by GndHClI treatment. In addition, the lower mem-
brane contained approximately 7 times more PDGF-BB
than the upper membrane, whether measured after extrac-
tion or incubation in culture medium. These results sug-
gest that PDGF-BB strongly binds to the mature fibrin ma-
trix that comprised the lower membrane and that GndHCI
is effective for extraction of growth factors, at least PDGF-
BB, from the PRF membrane.

Clinicians are often ambivalent about the supernatant and
exudate because the importance or utility of these portions
has not been well explained. We found that the superna-
tant contained the highest amount of PDGF-BB per 1 mL
of blood (28.65 * 13.39 ng, 41.29% of the total PDGF-
BB) (Table 1), although the actual concentration in pg/mg
of PDGF-BB was higher in the lower clot. Similarly, we
found a large percentage of PDGF-BB (21.05%) in the lower
exudate, although the concentration was quite low (24.92
=+ 1.27 pg/mg). Thus, the supernatant and lower exudate
should not be discarded; these samples provide a large
volume and good source of active complex for accelerat-
ing wound healing and tissue regeneration by local appli-
cation to surgical sites.

PRF is a popular natural scaffold, but its degradation rate
is not well understood. We demonstrated that PDGF-BB

release correlated with the degradation of PRF membranes.
While the upper and the lower membranes released large
amounts of PDGF-BB from «-granules of activated plate-
lets for up to 4 h after blood collection, slow release of
PDGF-BB from the membranes was observed even after
4 h (Fig.4B). We did note, however, that the lower mem-
brane degraded faster than the upper membrane (Fig.3),
which could be due to the concentrated platelets, leuko-
cytes, red blood cells, and proteolytic enzymes present in
the bottom phase of the PRF clots. Gassling et al. incu-
bated the entire PRF clot in cell culture medium to detect
PDGF-BB and found that the PDGF-BB concentration in
the medium after 10 d was 0.018 ng/mL3%. In our incuba-
tion method, although the total volume of the culture me-
dium might be different, the lower membrane released 3.48
=+ 0.06 ng/mL PDGF-BB within only 72 h, approximately 7
times more than that released by the upper membrane
(Fig-4B). Consistent with this result, direct extraction method
also yielded 7 times more PDGF-BB from the lower mem-
brane than from the upper membrane.

There are 3 major phases of bone healing: inflamma-
tory, reparative, and remodeling®. The inflammatory phase
begins immediately after the initial disruption of bone and
persists until bone formation is initiated. This phase lasts
3.4 days, longer in cases of a large defect®). In the incuba-
tion method, PRF membranes released a large amount of
PDGF-BB within 4 h and continuously released until day 7
of experimental period. The use of PRF during this first
week facilitates the inflammatory response and acceler-
ates bone healing. During the initial phase of bone heal-
ing, PDGF from PRF induces mesenchymal cell migration,
activation, and proliferation, angiogenesis, and chemotaxis
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of acute inflammatory cells?3". Zumstein et al. reported that
PRF clots cultured in medium showed a continuous slow
release of TGF-41, VEGF, and MPO (Myeloperoxidase)
in the first 7 days, and IGF1, PDGF, and platelet activity in
the first 8 h, followed by a decrease to near-zero at 28
days®). There are a number of potential growth factors in
PRF for bone regeneration that play a role in replacing lost
tissue and restoring vascular integrity during early bone
healing® by stimulating the growth of osteoblasts, peri-
odontal ligament cells, and gingival cells® %42, Therefore,
PRF is a good candidate for optimizing early bone and soft
tissue healing processes.

The aim of this study is to give ideas of clinically appli-
cable regions of PRF, where all samples have different
properties. The upper and the lower membranes have both
an advantage and a disadvantage. The upper membrane
degraded slowly but contained a low amount of PDGF-BB.
On the other hand, the lower membrane degraded fast but
contained a large amount of PDGF-BB. Moreover, the su-
pernatant and exudates also contained a lot of PDGF-BB
due to their large volume. These may provide us of more
appropriate ideas of utilization of each part of PRF or their
combinations dependent upon purposes.

In conclusion, the results from the direct extraction by
GndHCI and incubation methods gave rise to 3 main
findings: (1) PDGF-BB can be extracted efficiently from
PRF with GndHCI; (2) PRF releases PDGF-BB rapidly af-
ter preparation, and its slow but constant release contin-
ued over the experimental period; and (3) the lower mem-
brane of PRF had a higher concentration of PDGF-BB and
showed greater degradation compared to the upper mem-
brane. We believe that, with future studies of bone regen-
erative effect of PRF, especially the commonly overlooked
supernatant and exudates will be quite useful for guided
bone and tissue regeneration such as tooth-extraction
socket filling and wound sealing and that PRF delivery of
its different portions into animal models can be necessary
to classify their utilization optimal for different aspects of
tissue recoveries.
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