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Autologous platelet concentrates represent promising innovative tools in the field of regenerative medicine and have been extensively used in
oral surgery. Unlike platelet rich plasma (PRP) that is a gel or a suspension, Leukocyte-Platelet Rich Fibrin (L-PRF) is a solid 3D fibrin membrane
generated chair-side from whole blood containing no anti-coagulant. The membrane has a dense three dimensional fibrin matrix with enriched
platelets and abundant growth factors. L-PRF is a popular adjunct in surgeries because of its superior handling characteristics as well as

its suturability to the wound bed. The goal of the study is to demonstrate generation as well as provide detailed characterization of relevant
properties of L-PRF that underlie its clinical success.

Video Link

The video component of this article can be found at http://www.jove.com/video/53221/

Introduction

The use of blood and blood-derived products to seal wounds and improve healing in different clinical situations started with fibrin glues, which
are mainly fibrinogen concentrates. Addition of platelets to fibrin glue not only improved their strength but also promoted neoangiogenesis
and regeneration. These benefits are attributed to the release of a variety of peptide growth factors from the alpha-granules of platelets upon
activation'. Platelet concentrates (PCJ were seen as a practical way to deliver growth factors? and its use was driven by commercial interests
rather than research characterization”. In fact, PCs are difficult to characterize unlike homogenous and defined pharmacological preparations,
they are a potpourri of signaling molecules and blood cells (platelet and leukocytes) entrapped within a fibrin matrix. Different commercial and
proprietary preparations yield a variety of PC that are different in cellular composition, growth factor recovery and kinetics of release®.

It is important to realize that in most oral surgeries, platelet-rich plasma (PRP) preparations are used as a gel in open surgical wounds and not
as platelet suspensions. In these situations, the gelation is induced by the addition of thrombin, calcium chloride, batroxobin or other agents and
directly placed in the site of injurys. Due to rapid activation, fibrinogen polymerization is often incomplete and results in friable fibrin gels with very
little mechanical strength. In addition, injectable PRP gels undergo rapid fibrinolysise’7.

In contrast, the processes of blood coagulation (fibrinogen polymerization), platelet enrichment and activation occur simultaneously in the
preparation of L-PRFS. The coagulation cascade is triggered when whole blood contacts the walls of a dry glass tube and continues throughout
the centrifugation process. This results in the formation of a mechanically-strong blood clot (L-PRF) that can be surgically handled and used.

Even though L-PRF has been investigated in terms of optimal methods of preparation, growth factor release and cell distributiong'”, detailed
mechanical characterization of these membranes are lacking. This is significant gap in knowledge, given the popularity of these membranes

in clinical practice as well as its potential to be used as a biomaterial. Current study focusses on the protocol for deriving L-PRF as well as
methods that can be employed to study its mechanical properties. This data is intended to serve as baseline for ongoing studies investigating the
viscoelastic properties of this interesting natural biomaterial.

Protocol

All blood-drawing procedures should be done by licensed and certified professionals. Use of human subjects for research involves approval
from the Institutional Review Board or other appropriate authority. Special precautions regarding informed consent and protecting participant
identification need to be followed. All experiments listed in this protocol involve handling of human blood and/or blood products and appropriate
personal protective equipment need to be worn at all times. The waste should be considered as biohazard and disposed of according to
regulations.
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1. Venipuncture
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Identify the patient/ participant and confirm with existing records. Explain the study in detail and get an informed consent.

Have a tray set up for individual patient with tubes marked on a flat stable surface.

Explain the procedure and make the patient seat comfortably with the arm supported. Inform the patient that he or she will feel a small pinch
and should remain still throughout the procedure.

Attach the needle to the adapter.

Wash hands and wear gloves.

Prepare the antecubital fossa for venipuncture by cleaning with 70% isopropyl alcohol in concentric circles from center outward. Allow the site
to air-dry for 30 sec.

Identify the appropriate vein by palpation.

Apply the tourniquet 3-4 in above the puncture site making sure that it is not too tight (while still feeling the radial pulse).

Perform venipuncture by inserting the bevel of the needle 15-30 degrees to the skin in one smooth motion. Push the blood collection tube
through the needle and collect 9 ml of whole blood.

Remove the tourniquet. Remove the tube from the needle.

Withdraw the needle and apply the gauze square at the puncture site prior to needle removal. Dispose the needle in an appropriate biohazard
container.

Ask patient to maintain pressure at the puncture site.

Label the tubes

Check the puncture site to be sure bleeding has stopped.

Apply adhesive bandage or tape over the gauze square, ask if the patient is feeling alright (no pain, swelling or light headedness)

Thank the patient/participant prior to discharge.

2. L-PRF Preparation
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Immediately after venous blood collection in the red-topped dry glass tube, place it in the Centrifuge.

Centrifuge at 400 x g for 12 min at RT after placing an appropriate counter balance.

Remove the tube at the end of the cycle. Notice the three layers: platelet-poor plasma (PPP), platelet-rich fibrin (L-PRF) and RBC base
(Figure 1).

Aspirate the PPP using a pipette. Using tweezers gently pull the L-PRF out and place it in a sterile, perforated metal mesh.

Using surgical scalpel, scrape the bulk of RBC layer carefully leaving the buffy coat intact.

Gently compress the L-PRF clot (using the sterile metal plate, approximate weight 225 g) for 30 sec. Platelet poor plasma will be squeezed
out.

Remove the plate and gently lift the L-PRF membrane. The L-PRF membrane is ready for use in experiments12.

3. Uniaxial Tensile Testing
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Place L-PRF membranes (n=6) on a filter paper for ease of handling and punch into “dog bones” using custom-made metal dies (2.75 mm
wide at their narrowest point with a gauge length of 7.5 mm).

Measure the thickness of each sample at three spots and take the average.

Carefully engage the L-PRF membrane in the center of the jaw grips of the uniaxial testing system.

Carefully tear the filer paper support to expose the L-PRF membrane.

Program the instrument so that the movable head is operating at a constant rate (10.0 mm/min) and start the experiment when the L-PRF is
still wet.

Record the elastic modulus, energy to break, and strain at break from the software accompanying the uniaxial testing system. These values
are calculated automatically and no user defined input is required. Please see Figure 3.

4. Suture Retention Strength
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Place L-PRF membranes (n=3) on a filter paper for ease of handling and cut into rectangular samples measuring (10 mm x 25 mm) using a
surgical scalpel.

Measure the thickness of each sample (average of 3).

Make a pinhole in the center of the sample using the stainless steel orthodontic ligature wire (220 pm in diameter).

Pass the ligature wire through the pinhole to form a loop and fix it to the tensile testing machine. Place the edge of the L-PRF membrane to
the lower jaw grip13.

Program the instrument so that the movable head is operating at a constant rate (10 mm/min) and start the experiment.

Record the elastic modulus, energy to break, and strain at break from the software accompanying the uniaxial testing system. These values
are calculated automatically and no user defined input is required. Please see Figure 3.

5. Morphological Examination
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Prepare the L-PRF samples for SEM examination using a 10 mm dermal biopsy punch and place them in a 24-well plate.

Wash the samples with PBS and fix with 2.5% glutaraldehyde (in PBS) for 20 min.

Dehydrate the specimens by immersion in sequentially increasing concentrations of ethanol (50%, 70%, 80%, 90% and 100%) for 5
min each.

Treat with 0.5 ml of 100% HMDS (Hexamethyldisilazane) for 5 min. Aerate O/N to remove excess HMDS™.
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5. Mount samples on stubs using a double-sided tape, sputter-coat platinum for 70 sec and examine in a scanning electron microscope
operating at an acceleration voltage of 20 kV (or appropriate setting).

6. Genipin Crosslinking of L-PRF, Trypsin Susceptibility and Ninhydrin Assay

1. To prepare genipin cross-linked L-PRF, rinse membranes with PBS and soak in 4 ml of 1% genipin solution (in 70% ethanol) for 48 hr. Rinse
with PBS prior to experiments to remove excess genipin15' e,
2. Assess the stability of genipin crosslinking of L-PRF by its resistance to degradation by trypsin. Place L-PRF membrane (n=3) and genipin
crosslinked L-PRF in 500 pl of 0.01% trypsin and incubated at 37 °C for 3 days with a daily change of trypsin.
1. Weigh samples at day 1 prior to enzyme exposure and at day 3. The difference in start and end weight represents enzymatic
degradation”.

3. Quantify the amount of cross-linking in genipin treated L-PRF (G-PRF) by ninhydrin assay. First prepare the standard curve using glycine (1
mM-0.031 mM) curve to establish the relationship between free amino acid concentration (FAA) and absorbance.
1. Heat PRF samples with 1 ml of 2% (w/v) ninhydrin for 15 min at 100 °C.
2. Allow the solution to cool to RT and add 1.5 ml of 50% ethanol.
3. Analyze the absorbance at 570 nm using a suitable spectrophotometer.
4. Determine cross-linking percentage using the formula below'®

FAA Conc x NH, molecular weight
sample weight

Concentration of free NH,Groups = (

ee NH, G PRF — e NH; Gr i — PRF
Degree of Crosslinking = (r’ﬁ = mi?;?e - NH_,_(E{:::»)PZ;EPT i) - 100)

7. MTS Cell Proliferation Assay

1. Grow MC3T3 (mouse calvarial preosteoblasts) in Minimum Essential Medium —alpha modification (aMEM) in T-75 flasks until an 80%
confluent monolayer is obtained.

2. Prepare fresh, sterile L-PRF membrane (open the L-PRF tube inside the cell culture hood) and transfer the membrane onto a new cell culture
dish.

3. Aspirate media from the flask and rinse the monolayer with PBS, add 5 ml of 0.05% trypsin and place the flask in the 37 °C incubator for 5
min, pipette the contents of the flask into a centrifuge tube and centrifuge at 400 x g for 5 min.

4. Decant the supernatant, gently tap the tube to break the cell pellet and re-suspend with 4 ml of fresh a MEM, dispense a mixture of cell
suspension (50 pl) and trypan blue (50 pl) into the hemocytometer and count the number of cells

5. Seed 4x10° cells within 10 mm glass cloning rings placed on top of L-PRF membranes to retain the cells within the membranes (rings can be
removed after 24 hr).

6. Atday 4, rinse constructs with PBS thrice for 10 min.

Add 1 ml of serum free media and 200 pl MTS reagent to each well and incubate for 2 hr at 37 °C.

8. Measure absorbance from 200 pl aliquots at 490 nm.

Representative Results

The scanning electron microscope image of the L-PRF clot at different sections (top, middle and bottom) layer is illustrated in Figure 2. As can
be seen, the top portion is composed predominantly of fibrin network with no cells. The middle layer is enriched with platelets with evidence of
their activation and degranulation. The lower layer has a mixture of leukocytes and red blood cells entrapped within a fibrin matrix.

N

The mechanical properties were evaluated in two modes: uniaxial tensile testing and suture retention strength test. The results demonstrate
viscoelastic behavior of L-PRF. Even though the elastic modulus is low (0.47 MPa), the membrane is tough (energy to break, 5 N-mm) and is
capable of undergoing significant deformation (217%, Figure 3). Data from suture retention testing, an indicator of the ability of the membrane
to be sutured to the tissues, suggested a significantly tough and deformable material (modulus-0.2 MPa, strain-140% and energy to break-3.2
N.mm) in L-PRF (Figure 4).

One of the limitations of fibrin products in regenerative medicine is its short biological life. Made from endogenous fibrin, L-PRF is susceptible
to enzyme degradation and undergoes fibrinolysis. In order to evaluate the resistance of L-PRF to enzyme-mediated degradation, fresh L-PRF
was subjected to trypsin treatment (0.01%) and incubated at 37 °C. We observed complete degradation of L-PRF within three days. Genipin
crosslinking of L-PRF membranes decreased degradation by almost 60% (Figure 5).

The ability of L-PRF membranes to support cell growth was evaluated by culturing mouse calvarial osteoblasts on crosslinked and uncrosslinked
membranes. Uncrosslinked clots underwent degradation to various levels while the genipin crosslinked membranes retained their structure and
supported cell growth (Figure 6).
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Figure 1. Steps in the generation of L-PRF. (A) After centrifugation of whole blood in a glass tube, three layers will be visible. (B) After
decanting the PPP, the L-PRF is being removed using a sterile tweezers. (C) The red blood cell base is being scraped off using a scalpel and laid
on a perforated metal tray (D). After gentle compression, the PPP is squeezed out and a firm L-PRF membrane is formed. Please click here to

view a larger version of this figure.
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Figure 2. SEM image of different layers of fresh L-PRF. (A) represents the fibrin-rich layer; (B) is a zone of enriched platelets with various
degree of activation; (C) is the buffy coat with numerous leukocytes and (D) is the red blood cell base. Please click here to view a larger version
of this figure.
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Figure 3. Stress-strain curves following mechanical loading of L-PRF in uniaxial tensile testing mode (A) and Suture retention strength
(B). The loading pattern of each sample is represented in different color. The uniaxial tensile testing data (A) indicate a low modulus, a large
elastic deformation and a rapid failure. Upon distension by a suture (B), L-PRF represents a membrane that is tough (area under the curve) as
well as distensible. Good clustering of data suggests minimal variation between samples. Please click here to view a larger version of this figure.
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Figure 4. Photographs of actual failure in suture retention strength testing. A 220 pm thick stainless steel orthodontic ligature wire was

passed through the middle of L-PRF and tied to the upper jaw member of the tensile testing machine. The other end was attached to the lower
grip and stretched at a constant rate. Notice the elongation of the membrane and its resistance to tear, suggesting excellent resilience of L-PRF.

Please click here to view a larger version of this figure.
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Figure 5. Degradation of L-PRF membranes following incubation in 0.01% trypsin. All L-PRF membranes disintegrated completely in

trypsin within 3 days while genipin-crosslinked L-PRF were 60% more stable. This shows that chemical crosslinking can be a viable strategy to
improve the longevity of L-PRF membranes when placed in vivo.
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Figure 6. Effect of L-PRF crosslinking on cell viability. Representative images of 4 day culture of MC3T3 cells on uncrosslinked L-PRF (A),
genipin-crosslinked L-PRF (B) and tissue culture plastic (C). Uncrosslinked L-PRF degraded in culture to variable extent and showed cell activity
similar to plastic. Genipin crosslinked L-PRF maintained their structure and supported robust cell survival. To the right is quantified data (+SD)
from independent experiments with three replicates. Please click here to view a larger version of this figure.

Autologous platelet concentrates are promising in the field of regenerative medicine® because of the abundance of growth factors. However,
these preparations often lacked a defined structure that makes surgical manipulation very difficult. Many times, the suspensions and gels

are not retained effectively at the site of delivery, resulting in unpredictable outcomes. L-PRF represents a huge advance in the evolution of
platelet concentrates in that it is essentially a firm fibrin membrane with entrapped platelets. These solid membranes possess excellent handling
characteristics, and can be securely sutured at an anatomically desired location during open surgeries. However, its physical and biological
properties are relatively unknown.

The L-PRF will form consistently when steps described above are strictly adhered to (Figure 1). One of the important considerations in
generating a good L-PRF membrane is the time delay between blood draw and centrifugation. The success of L-PRF technique entirely
depends on the speed of blood collection and immediate transfer to the centrifuge19, usually within a minute. It is impossible to generate a well-
structured L-PRF clot (with its specific cell content, matrix architecture and growth factor release profile), if blood harvesting is prolonged and not
homogenous; a small incoherent, friable mass of fibrin with unknown content is formed instead.

It has been accepted that mechanobiological interactions between cells and extracellular matrix (ECM) have a critical influence in all aspects of
cell behavior including migration, proliferation and differentiation®*?". L-PRF, a unique type of blood clot, is formed under specific circumstances
and is comprised of complex, branched network of fibrin. L-PRF functions as a provisional ECM that is turned over into functional tissue during
healing. Being subjected to mechanical forces, successful healing outcomes are dependent on the structural integrity of L-PRF and hence
elucidating their physical properties is important. We performed uniaxial tensile testing (to identify the intrinsic material properties) and suture
retention testing (to identify the failure characteristics) on fresh L-PRF. Unlike PRP gel or clotted blood that does not have a defined structures,
L-PRF resembles dense connective tissue with superior handling characteristics. We report an elastic modulus of 0.470 MPa SSD=0.107) for L-
PRF membranes and stretch twice its initial length before failure (strain of 215%). These data match with published literature®*?* who reported
low stiffness (1-10 MPa) and high strain (up to 150%) before breaking. The difference in the values can be due to the use of fibrin network
compared to the use of AFM analysis of single fibrin fiber in the above mentioned studies.

Suture retention strength is a surgically important parameter of graft materials and it is defined as the force necessary to pull a suture from the
graft or cause the wall of the graft to fail. Our experiments used straight-across procedure (as defined by ANSI24). The force required to the pull
the ligature wire through the L-PRF of 3.23 N.mm (SD=0.329). Overall, we found the L-PRF to be mechanically tough, capable of supporting
loads and the ability to stretch twice as much on tension and retains sutures quite well (deforms significantly before tearing).

The lack of stability and structural integrity of L-PRF in biological environments is a major limitation in its use in tissue engineering. We sought to
address this issue by chemically crosslinking L-PRF using genipin. Unlike gluteraldehyde which is associated with toxicity, genipin is a naturally
occurring biodegradable molecule with low cytotoxicity. After genipin treatment, the membranes were significantly stable in trypsin and supported
cell proliferation over 4 days. However, only 20% of L-PRF was crosslinked with genipin (determined by ninhydrin assay). This data suggests
that while chemical crosslinking is a viable strategy, other alternatives need to be explored.

Based on these findings, it is clear that L-PRF is a novel biomaterial with unique attributes: predictable preparation from autologous blood,
simplicity of protocol, defined architecture, impressive mechanical properties and abundance of growth factors from activated platelets. The
blood is allowed to clot under physiological conditions with no exposure to anti-coagulants, exogenous thrombin and calcium chloride. All of
these characteristics make L-PRF promising biomaterial for applications in regenerative medicine.

One of the clinical issues to deal with in the application of L-PRF is the heterogeneity in the quality of platelets and blood components. At
present, very little is understood about L-PRF generated from patients with coagulation disorders or patients on medications that affect blood
clotting (heparin, warfarin or platelet inhibitors). Answers to these questions will undoubtedly improve our understanding of healing as well as
contribute to advance the field of personalized medicine.
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