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Abstract
Objectives The aim of the present study was to evaluate the blood cell content, morphological aspects, gene expression of type I
collagen, and release of growth factors on an injectable platelet rich fibrin (i-PRF).
Materials and methods Blood samples were collected from 15 volunteers to prepare i-PRF samples. Peripheral blood was used as a
control group. Blood clot and i-PRF samples were cultured for 10 days. The supernatant of the samples was collected for ELISA
immunoassay quantification of PDGF and VEGF growth factors over periods of 1, 8, 24, 72, and 240 h. I-PRF and blood clot samples
were biologically characterized using histological and immunohistochemistry analysis for IL-10, osteocalcin, and TGF-β. Scanning
electron microscopy (SEM) was used to inspect the fibrin network and distribution of blood platelets and leukocytes. Reverse
transcriptase polymerase chain reaction (RT-PCR) method was used to evaluate gene expression for type I collagen.
Results A higher concentration of platelets and lymphocytes was recorded in i-PRF than in peripheral blood (p < 0.05). The
release of VEGF was higher in blood clot samples (1933 ± 704) than that for i-PRF (852 ± 376; p < 0.001).
Immunohistochemistry showed upregulation of TGF-B, IL-10, and osteocalcin in the i-PRF group. RT-PCR showed increased
type I collagen gene expression in i-PRF (p < 0.05). SEM images revealed agglomeration of platelets in some regions, while a
fibrin networking was noticeable in the entire i-PRF sample.
Conclusions Injectable platelet rich fibrin becomes a good approach for soft and mineralized tissue healing considering the
formation of a three-dimensional fibrin network embedding platelets, leukocytes, type I collagen, osteocalcin, and growth factors.
Indeed, the injectable platelet rich fibrin can be indicated in several medical applications regarding bioactivity, simplied tech-
nique, and flowable mixing with other biomaterials.
Clinical relevance Morphological, cell, and protein characterization of platelet rich fibrin provides a better understanding of the
clinical effects and improvement of clinical guidelines for several medical applications. Once well physicochemical and biolog-
ically characterized, the use of an injectable platelet rich fibrin can be extended to other applications in the field of orthopedics,
periodontics, and implant dentistry on the repairing process of both soft and mineralized tissues.
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Introduction

The development of novel biomaterials or techniques re-
quires biological analyses considering protein, cell behav-
ior, and tissue healing [1–3]. In surgical and implant den-
tistry, many efforts have been carried out to enhance the
wound healing process and bone formation [1, 4, 5].
Leukocyte- and platelet-rich fibrin (L-PRF), an autolo-
gous biomaterial rich in growth factors has been shown
to improve tissue healing in clinical cases [6, 7]. PRF
reveals a fibrin network containing nanoscale fibers that
can act as scaffolding for cell proliferation, migration, and
differentiation. PRF also acts as a drug delivery system of
growth factors, leading to an enhancement of neo-
angiogenesis [8, 9]. Cross-linking between the fibrin fi-
bers mechanically stabilizes the architecture of the fibrin-
based scaffold. This intricate nanostructure of fibrin nano-
structure shows proper biological and elastic mechanical
behavior [10, 11].

In 2014, an injectable platelet-rich fibrin (i-PRF) was de-
veloped by modifying spin centrifugation forces [12]. In fact,
the blood centrifuged at lower centrifugation speeds in non-
glass centrifugation tubes resulted in a flowable platelet rich
fibrin named i-PRF. In the case of extensive bone defects, the
handling of bone grafts for bone augmentation can become a
challenge. The use of i-PRF mixed with chopped L-PRF
membranes and particulate graft biomaterial becomes a good
strategy to overcome such situations [6, 7]. Thus, the human
liquid fibrinogen in the i-PRF is slowly converted into fibrin
that can act as an autologous fibrin binder (AFB). This tech-
nique has been recently used by clinicians to promote an
agglomeration or coating of biomaterials to enhance wound
healing [13]. Studies have evaluated the release of different
growth factors from i-PRF, as well as its influence on the
behavior of fibroblasts and osteoblasts [12, 14]. Such infor-
mation enables better elucidation on the beneficial effects of
i-PRF in the healing process of both soft and mineralized
tissues. However, only a few studies currently described the
morphology, cell content, and growth factors in i-PRF [12,
15, 16]. Bioactivity, simplified preparation technique, and
association with other biomaterials are key aspects to stimu-
late the use of i-PRF in the field of orthopedics, periodontics,
and implant dentistry. Once physicochemical and biologically
characterized, i-PRF can be used to enhance wound healing
in medicine and dentistry.

The aim of the present study was to evaluate the blood
cell content, morphological aspects, type I collagen gene
expression, and release of growth factors on an injectable
platelet-rich fibrin. The hypothesis of the present study was
that the injectable platelet-rich fibrin reveals a higher con-
tent of platelets, leukocytes, and growth factors embedded
in a dense fibrin network for wound healing when com-
pared to the blood clot.

Material and methods

Preparation of blood samples and i-PRF

All procedures performed in the studies involving human par-
ticipants were in accordance with the ethical standards of the
institutional and/or national research committee and therefore
with the 1964Helsinki declaration and its later amendments or
comparable ethical Standards (Ethical Protocols Number
1.817.827). The project was previously reviewed and ap-
proved by an institutional review board. Peripheral venous
blood (51 mL) was collected from each of 15 healthy men
volunteers (age range 25–38 years) upon signing an informed
consent form.

Smokers or patients with a history of anti-coagulant or anti-
inflammatory drugs in the previous 4 weeks were excluded
from the study, as well as volunteers who showed any abnor-
mality in the results of the cellular and biochemical patterns.
Biochemical analyses were performed on the following
markers: glucose, creatinine, total cholesterol, urea, triglycer-
ides, uric acid, ALT/TGP, albumin, total proteins, and
globulin.

For the analysis of the peripheral blood, three samples of
5 ml peripheral blood were collected from each volunteer. One
sample was collected in a tube with anticoagulants (tube spec-
ifications), and two samples were collected in tubes without
anti-coagulants (Vacutainer®, BD Biosciences, Allschwil,
Switzerland). To prepare i-PRF, 27 mL of blood was collected
in three 10 mL glass-coated plastic tubes (Vacutainer; BD
Biosciences, Allschwil, Switzerland) and immediately centri-
fuged at 400g (700 rpm) and at room temperature for 3 min
using a table centrifuge (Intra-spin system, Intra-Lock, Boca-
Raton, FL, EUA) precisely designed for PRF preparation.
Immediately after centrifugation, the upper yellow fluid (i-
PRF) liquid phase was collected as close as possible to the
red cells and processed for analyses.

Cell count analysis

Peripheral blood and i-PRF samples were collected from each
volunteer for the following cell groups: red blood cell, platelet,
and differential leukocyte counts. A total of 15 samples per
group, derived from the same patients, were analyzed in
paired form by using CELL-DYN Sapphire impedance auto-
mated counting apparatus (Abbott Diagnostics, Santa Clara,
CA, USA).

Analyses on growth factors

Samples with 2-ml peripheral blood or i-PRF were transferred
to separate 6-well plates. After 20 min, the samples were cov-
ered with 2 ml culture medium (DMEM, Sigma-Aldrich,
USA) and incubated in 5% CO2 at 37 °C. Each sample
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(2 ml) was collected for 1, 8, 24, 72, and 240 h and then 2 ml
DMEMwas renewed. Avolume of 2 ml for each samples was
stored at − 80 °C for further analysis. Levels of VEGF
(DVE00, range = 31.20–2000 pg/ml) and PDGF-AB
(DHD00C, range = 15.60–1000 pg/ml) were evaluated in cul-
ture supernatants using commercially available enzyme-
linked immunosorbent assay kits (Quantikine, R & D
Systems, Minneapolis, MN, USA) according to the manufac-
turer’s instructions.

Absorbance was measured at 450 and 570 nm using a
DTX880 microplate reader (Beckman Coulter, Brea, CA,
USA) and subtracted at 570 nm from the readings at
450 nm. Samples were assessed in three independent assays.

Histological and immunohistochemistry analysis

For histological and immunohistochemistry analyses, 1 ml
coagulated blood or i-PRF (total of six samples per volunteer)
was transferred to 24-well plates. Then they were covered
with 1 ml DMEM and incubated in 5% CO2 at 37 °C.
Samples were collected at time points of 1, 72, and 168 h
and fixed in 10% buffered formaldehyde. After fixation, sam-
ples were dehydrated in increasing ethanol series and embed-
ded in paraffin. Then, 3-μm cross-section thin slices were
produced and stained using the hematoxylin-Eosin staining
protocol. Specimens (3 slides per sample) were independently
evaluated by two researchers, blinded, and well-trained in
histomorphometry using light microscopy (MC 80 DX® dig-
ital camera - Axioskop 2 plus® microscope - Zeiss, Jena,
Germany).

Regarding immunohistochemical assay, cross-sectioned
samples with 3-μm thickness were transferred to special
gelatin-coated slides. Each cross-sectioned sample was
deparaffinized and rehydrated. I-PRF and peripheral blood
samples were washed with 0.3% Triton X-100 (Sigma-
Aldrich, USA) in phosphate buffer, subjected to antigen re-
covery with 3% hydrogen peroxide and incubated with the
following primary antibodies (Santa Cruz Biotechnology,
Interprise, Brazil) overnight at 4 °C: IL-10, 1:50; TGF-B1,
1:100; and osteocalcin. The cross-sectioned samples were
washed with phosphate buffer and incubated with
streptavidin-HPR-conjugate secondary antibodies (Biocare
physicians, Concord, CA, USA) for 30 min. The
immunoactivity for VEGF and TGF-β1 was evaluated using
a kit for colorimetric detection following the manufacturer’s
instructions (TrekAvidin-HRP label and kit, Biocare physi-
cians, Dakota, USA).

Evaluation of gene expression

Samples with 1 ml coagulated blood or i-PRFwere transferred
to 24-well plates. After 20 min, samples were covered with
1 ml DMEM and incubated in 5% CO2 at 37 °C. Samples

were collected at time points of 1, 72, and 168 h, transferred
to Eppendorf tubes (2 ml), and stored at − 80 °C. Total RNA
from the blood or i-PRF (four samples per group) was extract-
ed using Trizol® reagent (Life Technologies, California,
USA) as reported in literature [17]. The RNA isolation and
purification procedure was performed using the SV Total
RNA Isolation System (Promega Corporation, USA). The
RNA concentration was determined from absorbance analyses
at a wavelength of 260 nm (using an OD260 unit equivalent to
40 μg/ml RNA). Ten micrograms of isolated total RNAwere
reverse transcribed to cDNA in a reaction mixture containing
4 μl 5× reaction buffer, 2 μl dNTP mixture (10 mM, 20 units
of RNase inhibitor, 200 units of avian-myeloblastosis virus -
AMV) reverse transcriptase, and 0.5 μg oligo (dT) primer
(High-Capacity cDNA Reverse Transcription Kit, Foster
City, USA) in a total volume of 20 μl. The reaction mixture
was incubated at 42 °C for 60 min, and the reaction was
accomplished by heating at 70 °C for 10 min. The cDNA
was stored at − 80 °C until further analysis. Gene expression
was evaluated by PCR amplification using primer pairs based
on published human sequences. Quantitative RT-PCR was
performed using Power SYBR Green master mix (Applied
Biosystems, USA) and a StepOnePlus thermocycler
(Applied Biosystems, USA) according to the manufacturer’s
instructions. For the 1X PCR master mix, 2.0 μl of each
cDNAwas added in a final volume of 10 μl. The PCR condi-
tions were as follows: 95 °C for 5 min, 40 cycles of 30 s at
95 °C, 30 s at 52–60 °C (based on the target), and at 72 °C for
60 s. The relative quantitative fold change compared with the
control (baseline group) was calculated using the comparative
Ct method, where Ct is the cycle number at which fluores-
cence first exceeds the threshold. The Ct values from each
sample were obtained by subtracting the values for GADPH
Ct from the target gene Ct value. The specificity of resulting
PCR products was confirmed by melting curves. mRNA ex-
pression was analyzed for the following genes: GADPH
Human F : GTCAGTGGTGGACCTGACCT R :
AGGGGAGATTCAGTGTGGTG; type 1 collagen Human,
F: GATGGATTCCAGTTCGAGTATG R: GTTTGGGT
TGCTTGTGTTTG.

Scanning electron microscopy (SEM)

Samples of i-PRF or peripheral blood samples were placed
onto titanium disks and stored for 20 min in a humid chamber.
In the present study, titaniumwas only used as an ordinary and
biocompatible substrate for morphological analyses of i-PRF
and blood once that would not promote any detrimental effects
to blood cells and proteins. The samples were washed, fixed,
dehydrated, and sputter-coated with AuPd thin films for SEM
analysis [18]. The morphological evaluation of blood and i-
PRF was performed by using a scanning electron microscope
on secondary electrons (SE)mode at 10 kV. SEM images were
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obtained at magnification ranging from × 35 up to × 10,000 at
three different areas for each sample. Images were analyzed
by using CorelDraw Graphic Suit 2018 software (CorelDraw,
USA) to measure the thickness of the fibers at three different
points per image.

Statistical analysis

Cell analysis, growth factors by Elisa immunoassay and RT-
PCR, were evaluated in a comparative univariate manner.
Data with normal distribution were submitted to analysis of
variance (ANOVA) at a significance value at p < 0.05 using
the SPSS v.20 program (SPSS, Chicago, USA).

Results

The analysis of the cell content revealed a higher concentra-
tion of platelets and lymphocytes in i-PRF compared to those
in peripheral blood, as seen in Figs. 1 and 2.

Regarding the presence of PDGF-AB, no statistical differ-
encewas found between the i-PRF and the peripheral blood clot.
However, PDGF-AB levels were higher in the i-PRF than in the
blood clot for 10 days of incubation. The release of VEGF was
higher from the blood clot than that recorded for i-PRF for 24 h.
The blood clot continued to release VEGF in higher proportions
for 3 and 10 days, while i-PRF showed a decrease in the release
of VEGF after the third day, as seen in Fig. 3.

For the HE staining, it can be seen that i-PRF revealed a
platelet-rich fibrin network surrounded by leukocytes (mainly
lymphocytes) and some erythrocytes (Fig. 4b). After 7 days of
incubation, i-PRF maintained its morphological characteris-
tics, while the blood clot showed signs of hemolysis and loss
of the erythrocyte morphological structure (Fig. 4d).

Immunohistochemistry staining revealed IL-10,
osteocalcin, and TGF-beta factors mainly at the cytoplasm
and leukocyte nucleous (Fig. 5a–c) from the i-PRF for 3 days
of incubation. Coagulated blood samples did not show immu-
nostaining for these factors.

Analysis of the protein expression of the i-PRF and
blood clot samples showed an increase in the gene

Fig. 2 Percentage of leukocyte
groups in blood and i-PRF

Fig. 1 Mean values of blood and
i-PRF cell counts
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expression of type I collagen over time. I-PRF samples
clearly showed higher expression of this factor when

compared to the blood clot as noticed for 10 days of
incubation (Fig. 6).

Fig. 3 ELISA measurement for a
VEGF and b PDGF-AB over a
10-day period. (*p < 0.05 sig-
nifies significantly higher than the
other group)

Fig. 4 Representative microscopic images of blood clot (a) or i-PRF (b)
for 24 h and 7 days (c, d). I-PRF revealed numerous leukocytes (arrows)
and the presence of fibrin clusters (stars) associated with platelet

aggregation. Blood clot showed signs of hemolysis (triangles)
(ScannerbladesPanoramicViewer, H&E, × 400)
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SEM images revealed higher networking of the fibrin fi-
bers formed in the i-PRF than in the blood clot, as seen in
Figs. 7 and 8. Samples demonstrated fibers with a thickness
ranging from 20 up to 200 nm with an average diameter of
90 nm (Fig. 8). A higher number of red blood cells can be
noted in the blood clot when compared to the i-PRF. Also,
SEM images revealed activated platelets, leukocytes, and red
blood cells embedded in an intricate three-dimensional fibrin
network provided by the i-PRF procedure (Fig. 7).

Discussion

The results of the present study validate the hypothesis. They
showed significant differences in the blood cell counts, fibrin

networking morphology, collagen gene expression, and re-
lease of growth factors between an injectable platelet-rich fi-
brin and the blood clot.

Lymphocyte proportions were significantly higher in the i-
PRF samples when compared to the blood clot content (p <
0.01). However, the neutrophil-leukocyte proportions were
lower for the i-PRF. The difference between neutrophils and
lymphocytes can occur due to the difference in their molecular
weight during the centrifugation process, thus leading to the
highest concentration of lymphocytes in the i-PRF group [19].
That can also be found in previous studies comparing the cell
count among PRP, PRF, and peripheral blood [20–24]. In our
study, the platelet and leukocyte counts in the i-PRF samples
revealed values close to those reported in the literature [25].
Leukocyte content in PRF has been pointed out in several

Fig. 5 The histological sections of i-PRF exhibiting Immunostaining for IL-10 (a), OC (c), and TGF-β (e) in cytoplasm and nucleus of leukocytes
(arrows) (ScannerbladesPanoramicViewer, LSAB, × 400)
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previous studies [22, 26–29]. The biological behavior of PRF-
based biomaterials is significantly influenced by the leukocyte
content and this becomes a key factor for potential applica-
tions of i-PRF in tissue engineering. The cell content in PRF
implies that this biological material is a blood-derived living
tissue and must be handled carefully to keep its cellular con-
tent alive and stable [30].

Although initially in liquid phase, macroscopic findings
demonstrate that i-PRF initiates a fibrin polymerization
process by acquiring a gel phase over time. In our study,
the cell block cytology method was used to study morpho-
logical aspects of i-PRF fibrin networking embedding
blood platelets and leukocytes. This method was per-
formed using hematoxylin and eosin staining method in

identifying the fibrin network pattern embedding platelets
and leukocytes. The histological findings showed uniform
leukocyte (mainly lymphocytes) and platelet distribution
throughout the test specimens. In literature, histological
analyses on PRF revealed non-uniform distribution of
these cell groups in agglomerates [22, 23, 31, 32]. This
study allowed us to define the main cell and morphological
aspects of the i-PRF matrix in a reproducible way, which
can be useful for further studies on standardized protocols.
Also, it was able to evaluate the blood hemolysis while i-
PRF maintained its morphological aspects and properties
over a period of 10 days. In fact, i-PRF formed a dynamic
fibrin gel acting as a scaffold for wound healing.

The three-dimensional fibrin matrix also plays a key role in
tissue repair although most studies have primarily focused on
the effect of growth factors. Fibrin acts as a scaffolding bio-
logical material for agglomeration of adherent cells at the site
of tissue healing [33–35]. Additionally, fibrin is a carrier of
growth factors in a well-controlled release system that sustains
proper bioactivity over the healing period [36, 37]. In our
study, the morphological aspects of a flowable and injectable
platelet-rich fibrin were evaluated by optical and scanning
electron microscopy. The fibrin network embedding cells
was carefully inspected taking into account the physicochem-
ical and biological behavior of i-PRF for soft and hard tissue
repair [22, 27, 32, 38].

Several factors can influence the total release of growth
factors from platelet-derived concentrates. The fibrin network
structure and leukocyte concentration in L- and i-PRF are
known to influence growth factor release from platelet-
derived concentrates [22, 39]. Our findings corroborate the
findings from a previous study [13], which revealed a high
release rate of PDGF-AB and VEGF for 8 and 24 h, followed
by a gradual decrease with time. Other studies also comparing

Fig. 7 SEM images on i-PRF (a) and blood (b). I-PRF images reveal a three-dimensional organization of the fibrin scaffold with platelets, leukocytes,
and red blood cells. Blood clot samples demonstrated thin fibrin filaments

Fig. 6 Real-time PCR of i-PRF and whole blood for 1, 48, and 240 h for
mRNA levels of a type I collagen (triple asterisks denote significantly
higher than the other group p < 0.001, and single asterisk denotes p <
0.05)
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the levels of PDGF-AB and VEGF from platelet derivatives
[21, 26] showed similar growth factor levels.

Regarding the immunohistochemistry analysis, a higher
TGF-β, osteocalcin, and type I collagen gene expression
was detected for the i-PRF group when compared to the blood
clot. Our results corroborate the findings from another previ-
ous study [16] which showed that i-PRF was capable of in-
ducing higher cell migration and mRNA expression of
TGF-β, PDGF, and type I collagen. Another important find-
ing is the importance of type I collagen in the extracellular
matrix formation that stimulates the differentiation of osteo-
blasts and the deposition of the mineral matrix [12, 40, 41].
Type I collagen is the most abundant collagen of the human
body and therefore it forms large eosinophilic fibers namely
collagen fibers during tissue healing.

In the present study, histological and morphological analy-
ses revealed that i-PRF provides a three-dimensional fibrin
network embedding platelets, leukocytes, type I collagen,
osteocalcin, and growth factors. The physicochemical charac-
terization of i-PRF remains an important step forward to the
understanding of their clinical effects. For instance, scientific
evidence on the release of high amounts of PDGF-AB and
other growth factors could provide important guidelines for
different tissue and/or injury conditions in future clinical stud-
ies. The combination of i-PRF and other synthetic biomate-
rials should be further studied to enhance wound healing.
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