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Abstract 

Platelet-rich fibrin (PRF) has been used in periodontal treatment. PRF provides an autogenous bioactive material for guiding 
regenerating cells toward wound healing. Our study aims to evaluate the effect of PRF on human periodontal ligament stem cells 
(hPDLSCs). PRF preparation was investigated upon experimental protocols using a fixed angle rotor and swing rotor centrifuge. The 
optimized protocol was proposed according to PRF clot formation volume, membrane area, H&E histology evaluation. PRF membrane 
presented size maintenance approximately 80% after 28 days incubation in PBS, and growth factor secretion for a period of time. PRF 
generated a significant stimulation of the hPDLSC migration and proliferation throughout the experimental period. hPDLSC migration 
was detected after 24 hours incubation in PRF liquid extract. The cells increased in quantity significantly after culturing for 7 days in 
PRF liquid extract. These results therefore provide potential benefits for the appliaction of PRF in periodontal regeneration. 
Keywords: Platelet-Rich Fibrin (PRF), Human Periodontal Ligament Stem Cells (hPDLSCs), Growth Factors, Regenerating Cells. 

1. Introduction 

Platelet-rich fibrin (PRF) has been used successfully in regenerative dentistry and medicine. PRF is prepared by one-step 
centrifugation of whole blood without any additional anticoagulants [1]. During centrifugation, platelets are activated, which 
initiates the coagulation process and results in fibrin matrix polymerization and clot formation. PRF provides not only a 
local and progressive aid of growth factors but also an autogenous material for transplantation [2, 3]. Platelet-derived 
growth factors, including platelet-derived growth factor (PDGF), transforming growth factor- (TGF-), vascular 
endothelial growth factor (VEGF), fibroblast growth factor (FGF), epidermal growth factor (EGF) and platelet-derived 
epidermal growth factor (PDEGF), etc., are well known for guiding cell behaviors involved in wound healing. The fibrin-
based membrane was indicated for an adequate mechanical property to facilitate spatial orientation in periodontal repair [4]. 
The three dimensional fibrin network also offers a favourable scaffold to attract cell attachment, migration, proliferation, 
and differentiation, which encourages tissue regeneration [3, 5, 6]. Therefore, PRF has been applied in various medical 
fields, instantly dentistry [7, 8], oral implantology [9, 10], maxillofacial surgery [11, 12] and orthopedics [13, 14]. 

Simplicity of preparation without any other additives is the major advantage of this method. The main concern during the 
process is a quick centrifugation protocol. Due to the lack of anticoagulants, platelets are fastly activated after contact to the 
tube wall or silica beads, and promote the clot formation. Prolonged handling would make the fibrin diffusely polymerize, 
which results in failure, inconsistency in PRF preparation, or small clots [15, 16]. Initially, Choukroun and colleagues 
developed simple centrifugation at 3,000 rpm (800 g) for 10 minutes by an angle fixed rotor centrifuge [17]. Our previous 
publication showed that centrifugation at 2,500 rpm for 15 minutes resulted in PRF clots, which promoted the migration and 
proliferation of human gingival fibroblasts. We used the Hettich Universal 220 equipped with a swing rotor [18]. 
Publication of Lourenco et al. (2018) demonstrated that PRF membrane could be produced using swing rotor centrifuge. 
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This product was able to secrete growth factors and cytokines and exhibited high structural stability and cell content [19]. 
However, there is no available report on the different outcome of PRF preparation using fixed rotor and swing rotor 
centrifugation. In this study, we aimed to compare the effect of these two kinds of centrifuge in PRF preparation. PRF 
samples obtained from different proposed protocol were compared regarding their volume, membrane total area, and fibrin 
network architecture. The optimized protocol will be applied in preparing PRF for investigating effects on the migration and 
proliferation of human periodontal ligament stem cells.  

2. Materials and Methods 

2.1 Preparation fo Platelet-rich fibrin (PRF)  

5 mL of venous blood was harvested from healthy volunteers aged between 20 – 30 years with obtaining informed consent. 
Sterile tubes containing silica beads (TUBE TRAITE, BA Medical, Vietnam) were used to store the blood. After blood 
collection, the blood tubes were invert-mixed for 30 seconds to accelerate platelet activation. Centrifugal process was 
conducted according to the investigated protocols (as shown in Table 1). PRF clots were removed from the tubes using 
sterile forceps; the red clot attached to PRF clot was gently scrapped. PRF membrane was obtained by compressing PRF 
clot under sterile glass slides. 

Table 1: Centrifugation protocols for PRF clot preparation 

Protocol abbreviation Centrifuge Centrifugal parameter 

25A Fixed angle rotor (angle: 33°) 
centrifuge, EBA 200, Hettich, 

Germany 

2,500 rpm for 15 minutes 

30A 3,000 rpm for 10 minutes 

25S Swing-out rotor (angle: 90°) 
centrifuge, UNIVERSAL 320, 

Hettich, Germany 

2,500 rpm for 15 minutes 

30S 3,000 rpm for 10 minutes 

 

2.2 Hematoxylin and Eosin staining 

PRF membranes were fixed in 10% formalin (Merck, Germany) for histological evaluation by Hematoxylin and Eosin 
staining (H&E staining). The samples were processed and embedded in paraffin wax (Merck, Germany), followed by 
microsectioning into 4-µm slides. The paraffin sections were deparaffinized, and stained with Hematoxylin and Eosin (H&E) 
(Thermo Fisher Scientific, USA). The staining images were observed under an Olympus CKX-RCD microscope (Olympus, 
Japan). 

2.3 Scanning Electron Microscopy (SEM) analysis 

PRF membranes were fixed overnight in 10% formalin and then dehydrated using sequential ethanol series (70%, 80%, 90%, 
96%, and 100% (v/v), 10 minutes in each). Samples were loaded onto aluminum stubs, coated with gold, and examined 
under scanning electron microscope (SEM) (JSM-6510 JEOL, Japan). 

2.4 In vitro degradation of PRF membranes 

Each PRF membrane was measured and identified as an initial area (known as S0). The investigation of PRF membrane 
degradation was conducted by immersing the samples into 1X Phosphate Buffer Saline (PBS, Gibco, USA) (0.5 cm2/5 mL) 
and incubating at 37°C in a CO2 incubator. After 6, 10, 28, and 34 days, the membranes were measured for their remaining 
area (known as Sx). The percentage of their remaining area at different time points was calculated as follows: (Sx / S0) × 
100%. PRF membrane degradation was indicated via the decrease in the remaining area percentage. 

114 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 7 Issue 2, February 2020  

ISSN (Online) 2348 – 7968 | Impact Factor (2019) – 6.248 

www.ijiset.com  

2.5 Enzyme-linked immunosorbent assay (ELISA) 

PRF clots were prepared from 5 mL of venous blood according to the optimized protocol. In order to monitor growth factor 
secretion, each PRF clot was incubated in 12.5 mL of medium DMEM/F12 (Sigma-Aldrich, USA) at 37°C. After 1, 8, 24, 
and 72 hours, the incubated medium was collected and used as liquid extract of PRF. On each experimental time point, PRF 
extract was collected; fresh medium was added for further extraction in the next time point [20]. Liquid extract of PRF was 
evaluated for the presence and quantity of growth factors, including Platelet-derived growth factor (PDGF) and 
Transforming growth factor beta 1 (TGF-β1) according to the manufacturer guidelines (Sigma-Aldrich, USA).  

2.6 Human periodontal ligament stem cells (hPDLSCs) culture  

The available hPDLSCs at the fourth passage were obtained from Laboratory of Tissue Engineering and Biomedical 
Materials. hPDLSCs were cultured in complete medium as DMEM/F12 (Sigma-Aldrich, USA) supplemented with 10% 
Fetal Bovine Serum (FBS, Sigma-Aldrich, USA), 1X Penicillin-Streptomycin (Sigma-Aldrich, USA).  

2.6 Investigation of hPDLSCs proliferation 

Liquid extract of PRF was prepared by incubating PRF clot in 5 mL of DMEM/F12 for 72 hours as mentioned earlier. 
hPDLSCs were trypsinized and reseeded into 96-well plate (103 cells per well). The cells were cultured overnight by 
complete medium for adherence and spreading on the culture surface. On the next day, complete medium was replaced by 
PRF liquid extract to access hPDLSCs growth upon PRF stimulation. Complete medium and DMEM/F12 were used as 
positive control and negative control, respectively. hPDLSCs proliferation after 1, 3, 5, 7, 9, and 11 days was recorded via 
MTT assay. 

2.7 MTT assay 

In each day of investigation, PRF liquid extract or medium was discarded; the cells were washed once with 1X PBS. 0.5 
mg/ml MTT (Sigma-Aldrich, USA) solution was added into each well and incubated for 4 hours at 37°C for formazan 
crystal development. Formazan crystals were dissolved in dimethylsulfoxide/Ethanol (DMSO/Ethanol, 1:1) (DMSO, Sigma-
Aldrich, USA) (Ethanol, Merck, Germany) and read at 570 nm in The EZ Read 400 Plate reader (Biochrom, United 
Kingdom).    

2.8 Scratch wound healing assay 

hPDLSCs were trypsinized and reseeded into a 6-well plate (105 cells per well). The cells were cultured overnight in 
complete medium to form a monolayer at 80 – 90% confluency, followed by the next 18-hour starvation in DMEM/F12. In 
the scratch assay, a pipette tip (100 – 1000 µL tip) was utilized to vertically glid across the cell surface in each well. Excess 
debris and cell clumps were removed by rinsing the adherent monolayer with 1X PBS. PRF liquid extract was added into 
each well. Complete medium and DMEM/F12 were used as positive control and negative control, respectively. After 0, 12, 
and 24 hours, images of cell migration into the scratch area were captured with an Olympus CKX-RCD microscope 
(Olympus, Japan) equipped with a DP2-BSW microscope digital camera and analyzed by ImageJ 1.52a (USA). This 
experiment was repeated three times. 

2.9 Statistical Analysis 

The obtained data was processed by the Excel program, and the Least Significant Differentiation (LSD) was calculated at a 
probability of p = 95% by means of differential analysis (Analysis of Variance - ANOVA) under the Statgraphic Program 
7.0, 1997 of the University of Michigan (USA). 
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3. Results 

3.1 Preparation of PRF clots 

Six healthy volunteers were chosen for collecting blood samples. Each blood sample was divided into 4 silica tubes (5 mL 
blood/tube) in order to investigate the effect of centrifugal protocol on PRF preparation. Swing rotor and fixed angle rotor 
centrifuge were compared as indicated in Table 1. After centrifugation, the initial blood sample was separated into 3 layers, 
including the upper yellowish poor-platelet liquid, the middle PRF clot, and red blood cell (RBC) fraction at the tube 
bottom. The interface between PRF clot and RBC fraction was strongly dependent on the type of rotor. Swing rotor (S) 
resulted in a horizontal interface, while angle rotor (A) made the interface more spread across the side and form a similar 
angle with the rotor (fig. 1a).  

Different centrifugal protocol also yielded different volume of PRF clots (fig. 1b). There were about 300 – 600 µL of the 
clots achieved from swing rotor protocol (25S and 30S). The angle rotor centrifuge seemed to be more effective than the 
swing one, which was indicated by the larger volume of PRF clots (up to 800 µL). Centrifugal force, including 2,500 and 
3,000 rpm, was shown to have similar result in PRF volume. However, higher swing force (30S) yielded smaller PRF clots 
(fig. 1c).  

 

Fig. 1 Preparation of PRF clots. (a) PRF clots preparation by swing-out rotor (S) and fixed angle rotor centrifuge (A). Fine-dashed lines indicate the angle 
of PRF clots after centrifugation. (b) Volumes of PRF clots obtained from different protocols, including 25S, 25A, 30S, and 30A.. (c) Macroscopic 

observation of PRF clots obtained from different protocols. 

3.2 Preparation of PRF membranes 

In order to obtain the membrane form, PRF clot was compressed under sterile glass slides. PRF membranes exhibited their 
whitish fibrin mesh with an adequate firmness (fig. 2a). PRF membranes prepared from the 25A protocol gained the largest 
area (1415.0 ± 282.9 mm2), which was significantly different from 25S and 30S protocol (p value < 0.05) (fig. 2b). 
Similarly, centrifugal speed, 2,500 and 3,000 rpm, did not effect on the size of PRF membrane in both types of investigated 
rotors (p value > 0.05). 
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Fig. 2 Preparation of PRF membranes. (a) After centrifugation, PRF clots were collected and compressed into PRF membranes. (b) Total area (mm2) of 
PRF membranes. 

3.3 Histological and scanning electron microscopic (SEM) analysis 

In 25S and 25A protocol, which processed for 15 minutes, the fibrin network is fairly evenly distributed from the inside out. 
In 30S and 30A protocol, which processed for 10 minutes, this structure is unevenly distributed, in which two clear layers 
were separated. The outer layer had a denser fibrin network with a high concentrate of leukocytes, the inner layer is less 
sparse (fig. 3). This result showed that the distribution of fibrin network is influenced by the speed and the time of 
centrifugation. The lower speed and prolong centrifugation contribute to finely and evenly distribution of fibrin network. 
Therefore, 25A protocol was chosen to prepare PRF for further investigation. SEM images of 25A PRF membrane showed 
the surface of the fibrin network (fig. 4a) with dense content of platelets (fig. 4b, white arrows). 

 

Fig. 3 Hematoxyline and Eosin staining of PRF membranes prepared by different protocols, including 25S, 25A, 30S, and 30A. Scale bar: 100 µm. 100 × 
magnification. 
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Fig. 4 Scanning electron microscopy (SEM) analysis of PRF membrane. (a) Platelets on the surface of PRF membrane. (b) White arrows indicate 
platelets. 

3.4 PRF degradation and secretion of growth factor 

PRF clots were prepared by centrifuging blood samples in the fixed angle rotor at 2,500 rpm for 15 minutes, followed by 
compression under sterile glass slides to obtain PRF membranes. Degradability of PRF membrane types was examined in 
PBS for up to 34 days. As shown in fig. 5a, the size of PRF membranes regularly decreased during the incubation period. 
Size percentage changed significantly after 6-day incubation, which remained approximately 80% and was observed at the 
same rate after 10 and 28 days of investigation (fig. 5b). On day 34, the membranes lost their firmness and size percentage 
(about 65%).  

PRF clots were incubated in serum free medium to monitor the secretion of PDGF. On each experimental time point, PRF 
extract was collected; fresh medium was added for further extraction in the next time point. It was found that PDGF was 
mostly secreted from PRF clots during the first 6 hours of incubation. In the next 24 and 48 hours, PRF clots slowly secreted 
the growth factor (fig. 5c). There was a small amount of PDGF secreted from PRF clots at 72-hour time point. This result 
indicated that centrifugal process successfully activated platelets in PRF clots, which in turn exhibited the growth factor 
secretion for a period of time.  

 

Fig. 5 PRF degradation and secretion of growth factor. (a) Macroscopic observation of PRF membrane size change. (b) Percentage (%) of remaining 
membrane size after incubation in 1X PBS for up to 34 days. (c) PRF clots were found to secreate PDGF after 6, 24, 48, and 72 hours incubation. 
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3.5 The effects of PRF extract on human periodontal ligament stem cells (hPDLSCs) migration and 
proliferation 

PRF extract was prepared by incubating PRF clots in serum free medium for 72 hours. The effect of PRF extract on 
hPDLSCs migration was first investigated using scratch wound healing assay for 24 hours (fig. 6a). Complete medium and 
serum free medium were used as positive and negative control, respectively.  At 0 hour, an artificial scratch was generated 
on cell monolayer, which was indicated as an acellular area. Control mediums and PRF extract were added into each well 
and cultured for the next 24 hours. Serum free medium did not promote any cell migration into the acellular area, which was 
mostly covered by hPDLSC due to migration under complete medium. Similarly, hPDLSCs migrated strongly into the 
empty space under PRF extract condition. Additionally, quantitation of cell migration using ImageJ also shown a significant 
migration between PRF extract and complete medium in comparison to serum free medium group (p value < 0.05) (fig. 6b). 
This result suggested that PRF extract showed an appropriately supporting effect on migration of hPDLSCs. 

To evaluate the effect of PRF extract on the proliferation of hPDLSCs, the cells were seeded and cultured for 1 – 11 days 
under PRF condition (fig. 6c). MTT assay was conducted to evaluate cell growth on each investigated day. Complete 
medium and serum free medium were used as positive and negative control, respectively. In complete medium, hPDLSCs 
presented a significantly higher proliferation from day 3, 5, and 7, however, remained stability during day 9 and 11. On the 
other hand, hPDLSCs did not proliferate in serum free medium due to lack of nutrients. Under PRF extract incubation, the 
hPDLSC proliferation pattern was observed to be similar to those in complete medium. The cells increased in quantity 
significantly from day 3, 5, and 7. This result demonstrated PRF extract had a positive effect on hPDLSC proliferation.  

 

Fig. 6 Effects of PRF extract on human Periodontal Ligament Stem Cells (hPDLSCs). (a)  hPDLSC migration upon different medium (Complete medium 
– CM; serum free medium – M; PRF extract – PRF) after 0 and 24 hours incubation. (b) The remaining acellular area (%) after 24 hours hPDLSC 

invasion. (c) hPDLSC proliferation upon different medium (CM, M, and PRF extract). 
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4. Discussion 

Our study experimented the different protocols using a fixed angle and swing rotor centrifuge in PRF preparation. The 
resulted interface between layers in the PRF tube was obviously seen due to the swing and angle gravity. Additionally, it 
was found that angle centrifugation (25A and 30A) better support the formation of PRF with the larger clot volume (up to 
800 µL) and larger PRF membrane area (1415.0 ± 282.9 mm2). Histological evaluation showed that centrifugal speed and 
duration would result in a different structure of fibrin network. In protocol 25S and 25A, which were conducted at 2,500 
rpm for 15 minutes, the fibrin network arranged evenly from the periphery to the inside of the PRF membrane. In protocols 
using 3,000 rpm for 10 minutes centrifugation, 30S and 30A, there were two separately fibrin layers, a dense network with 
cell accumulation in the peripheral area and a loose fibrin network in the remaining area. Previously, centrifugation within 
10 – 15 minutes was found to be suitable for the formation of PRF clots. Centrifugation time, 10 minutes in comparison 12 
minutes, was also shown to have no different effect on the fibrin network, platelet and leukocyte content, and growth factor 
amount [20]. Therefore, our results indicated that low speed centrifugation, at 2,500 rpm, would generate homogenous 
fibrin arrangement.  

Under the incubation in PBS solution, the PRF membranes maintained their shapes for up to 28 days, then was recorded a 
decrease in size when investigating for further duration. By day 34, the membrane was no longer able to maintain its 
original shape, which showed that PRF membrane was a biodegradable material. This observation was similar to the result 
in George Sam et al. study, in which PRF membrane could maintain mechanical properties for more than 6 days [21]. PRF 
clots were confirmed for their secretion of PDGF for up to 72 hour incubation in serum free medium. PDGF is known for 
the effects on wound healing and stimulation of angiogenesis [22, 23]. A large amount of PDGF was secreted in the first 6 
hours, therefore, demonstrated that the entrapped platelets in fibrin network were activated and released their growth factors.   

In order to evaluate PRF's regeneration effects, hPDLSCs were cultured in PRF extract. The cells showed migration after 24 
hour testing, and proliferation for up to 11 days. These effects of PRF extract were comparable to complete medium as 
positive control. hPDLSCs play a key role in periodontal structures and protect teeth against trauma and/or infection. 
hPDLSCs are the main cellular component that contributes to tissue repair  [22, 24, 25]. Taken together, the conducted 
results proposed that PRF preparation had positive effects on hPDLSCs, which indicates their potential applications in 
periodontal regeneration. 

4. Conclusion 

In the present study, platelet rich fibrin has been prepared by centrifuging whole blood without anticoagulant. The initial 
results demonstrated that centrifugation by a fixed angle rotor at 2500 rpm was successful in PRF formation. PRF presented 
the potential characteristics for periodontal repair, including simplicity of preparation, growth factor secretion, stimulation 
of hPDLSC proliferation and migration. 
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