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Platelet-rich fibrin (PRF) clots have been used in regenerative dentistry most often, with 
the assumption that growth factor levels are concentrated in proportion to the platelet 
concentration. Platelet counts in PRF are generally determined indirectly by platelet 
counting in other liquid fractions. This study shows a method for direct estimation of 
platelet counts in PRF. To validate this method by determination of the recovery rate, 
whole-blood samples were obtained with an anticoagulant from healthy donors, and 
platelet-rich plasma (PRP) fractions were clotted with CaCl2 by centrifugation and digested 
with tissue-plasminogen activator. Platelet counts were estimated before clotting and 
after digestion using an automatic hemocytometer. The method was then tested on PRF 
clots. The quality of platelets was examined by scanning electron microscopy and flow 
cytometry. In PRP-derived fibrin matrices, the recovery rate of platelets and white blood 
cells was 91.6 and 74.6%, respectively, after 24 h of digestion. In PRF clots associated 
with small and large red thrombi, platelet counts were 92.6 and 67.2% of the respective 
total platelet counts. These findings suggest that our direct method is sufficient for esti-
mating the number of platelets trapped in an insoluble fibrin matrix and for determining 
that platelets are distributed in PRF clots and red thrombi roughly in proportion to their 
individual volumes. Therefore, we propose this direct digestion method for more accurate 
estimation of platelet counts in most types of platelet-enriched fibrin matrix.

Keywords: platelet-rich fibrin, platelets, tissue-plasminogen activator, white blood cells, clots

INtRodUCtIoN

Owing to their higher growth factor levels, platelet-rich plasma (PRP) and other platelet concen-
trates have been used for tissue regeneration in a wide range of medical fields, including dentistry 
(Marx, 2004; Meschi et al., 2016; Panda et al., 2016). Platelet-rich fibrin (PRF) is often designated as 
second-generation PRP but is distinguished from other PRP derivatives in terms of the elimination 
of both anticoagulants and coagulation factors (Dohan et al., 2006). Because of its simple preparation 
protocol, PRF and subsequently developed PRF derivatives have increasingly attracted interest in 
regenerative dentistry and have been used in clinical settings (Borie et al., 2015; Kawase, 2015; Huang 
et al., 2017; Miron et al., 2017a,b).
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Initially, it was believed that leukocyte- and platelet-rich fibrin 
does not contain high concentrations of growth factors (Dohan 
et al., 2006; Gassling et al., 2009), and positive effects of PRF on 
tissue regeneration were thought to be mainly attributable to the 
fibrin architecture that effectively functions as a cellular scaffold 
(Dohan Ehrenfest et al., 2010; Perez et al., 2014). Nevertheless, 
it was recently demonstrated that PRF and PRF derivatives, e.g., 
concentrated growth factors (CGF), contain large amounts of 
growth factors (Lundquist et al., 2008; Su et al., 2009; Kobayashi 
et  al., 2012, 2015; Nishimoto et  al., 2015; Takeda et  al., 2015; 
Masuki et al., 2016). We also found that growth factors are pre-
sent in the fibrin clot exudate, i.e., in serum, and in fibrin fibers 
(Kobayashi et al., 2012). On the other hand, the characteristics 
of the presence of growth factors and the number of platelets 
distributed in these fibrin matrices and other fractions remain 
poorly understood.

For estimation of platelet counts in PRF and PRF-like clots, a 
“subtraction method” is often used (Dohan Ehrenfest et al., 2010; 
Aggarwal and Singhal, 2015; Eren et al., 2016). According to this 
method, the platelet counts in PRF can be estimated by subtract-
ing those in the clot exudate, in the supernatant serum, and in the 
red blood cell (RBC) fraction from platelet counts in the initial 
whole-blood sample. However, this method does not take into 
account the possibility of a significant number of platelets present 
in the clotted RBC fraction, i.e., the red thrombus, or the possible 
loss of (and damage to) platelets during processing for cell count-
ing. In our previous simulation study (Watanabe et al., 2017), we 
demonstrated that platelets can also be distributed outside the 
plasma fraction corresponding to fibrin matrices without induc-
ing coagulation. Nevertheless, we could not successfully disperse 
the platelets aggregated and trapped by fibrin fibers.

After repeated trials and errors, we developed a method that 
effectively disperses platelets from insoluble fibrin clots with 
minimal damage and accurately determined platelet counts. In 
this study, we collected whole-blood samples with or without an 
anticoagulant to prepare platelet-enriched fibrin clots by CGF-
specific centrifugation with or without CaCl2, respectively. We 
validated the proposed method using these kinds of fibrin matri-
ces and tested it on PRF clots. In addition to platelet counts, we 
attempted to determine white blood cell (WBC) counts because 
the necessity of WBC inclusion in platelet concentrates has been 
controversial in the field of regenerative dentistry (Anitua et al., 
2015; Kawase, 2015; Choukroun and Ghanaati, 2017). It should be 
noted that we used the generic term “PRF” here for fibrin matri-
ces prepared from whole-blood samples in this study because the 
purpose of this study is not to compare genuine PRF with other 
individual PRF derivatives (Kawase and Tanaka, 2017).

MAteRIALs ANd Methods

Preparation of the PRP Fraction and 
Clotting for Validation
The approved written informed consent documents were pre-
sented, and some elements of informed consent were given orally 
via a full and clear but succinct explanation, without jargon or 
technical terms, to the subjects considering to participation 

in this project. After obtaining the documents signed by the 
subjects agreeing to participate, we collected blood samples 
from four nonsmoking, healthy male subjects with ages ranging 
from 29 to 57  years. Despite having lifestyle-related diseases 
and taking medication, these donors had no limitations on 
the activities of daily living. These donors also declared to be 
free of HIV, HBV, HCV, or syphilis infections. In addition, a 
prothrombin test was performed on all the blood samples by 
means of CoaguChek® XS (Roche, Basel, Switzerland), and all 
the samples were found to be normal. The blood derivatives 
and other biological waste were disposed of as medical waste at 
Niigata University Hospital.

The study design and consent forms for all the procedures 
were approved by the ethics committee for human subjects of the 
Niigata University School of Medicine (Niigata, Japan) in accord-
ance with the Helsinki Declaration of 1964 as revised in 2013.

Peripheral blood (~9 mL) was collected into plastic vacuum 
plain blood collection tubes (Neotube®; NIPRO, Osaka, Japan) 
containing 1  mL of the A-formulation of acid-citrate-dextrose 
(ACD-A; Terumo, Tokyo, Japan) and was immediately centri-
fuged at 530 × g for 10 min. The upper plasma fraction was col-
lected and transferred to fresh tubes and served as a PRP fraction 
(Watanabe et  al., 2017). Platelet and other blood cell numbers 
were determined on an automated hematology analyzer (pocH 
100iV, Sysmex, Kobe, Japan). Based on the Coulter principle 
(Groves, 1980), this analyzer provides not only data on cell counts 
but also size (volume) distribution and characterizes the obtained 
histograms via mean platelet volume (MPV), platelet distribution 
width (PDW), and platelet–large cell ratio (P-LCR) in terms of 
platelets.

After addition of three glass beads (GBs) (BZ-5; As-one, 
Osaka, Japan) and 80 µL of a 10% CaCl2 solution, PRP fractions 
in the plastic tubes were centrifuged on a Medifuge centrifuga-
tion system (Silfradent S.r.l., Santa Sofia, Italy) (Corigliano et al., 
2010). This instrument automatically changes rotational speed 
four times as follows: 2,700  rpm (2  min), 2,400  rpm (4  min), 
2,700 rpm (4 min), and 3,000 rpm (3 min) (Masuki et al., 2016). 
The resulting samples of a PRP-derived fibrin matrix (PRP-FM) 
were digested to release the platelets.

Preparation of PRF Clots from Whole-
Blood samples for the test of Applicability
As described elsewhere (Isobe et al., 2017a), 9 mL blood samples 
was collected into vacuum plain glass tubes and treated with an 
anticoagulant (Plain BD Vacutainer Tube; Becton, Dickinson and 
Company, Franklin Lakes, NJ, USA). After the counting of blood 
cells, the blood samples were mixed with an appropriate volume 
(~200  μL) of the CaCl2 solution and immediately centrifuged 
by means of the Medifuge centrifugation system (Isobe et  al., 
2017a,b). After elimination of the RBC fractions, the resulting 
PRF clots were digested without any modifications.

digestion with tissue-Plasminogen 
Activator (t-PA)
A commercially available recombinant t-PA, alteplase (GRTPA®; 
Mitsubishi Tanabe Pharma Corp., Osaka, Japan) was dissolved 
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in the enclosed water for injection at a concentration of 6 × 105  
IU/mL immediately before use.

Before preparation of PRP-FM clots, PRP preparations were 
subjected to determination of platelet and WBC counts on the 
automatic analyzer. PRP preparations (2 mL) were then mixed 
with 1  mL of the t-PA solution (final concentration 2  ×  105   
IU/mL) and incubated at 37°C for up to 24 h. At various time 
points, 100 µL aliquots were taken from 3 mL of the PRF–t-PA 
digestion mixtures for counting blood cells. Total numbers of 
released platelets and WBCs were calculated for estimating the 
recovery rates.

The volumes of PRF clots ranged from approximately 2.0 to 
3.5 mL. Irrespective of their volume, 1.0 mL of the t-PA solution 
was added to the clots to a final concentration of approximately 
1.3–2.0  ×  105  IU/mL and incubated at 37°C with intermittent 
gentle agitation. As described in the validation protocol for 
PRP-FM clots, after 3, 6, and 24 h of incubation, 100 µL aliquots 
was taken out of 2.5–4.5 mL of the PRF–t-PA mixture for estima-
tion of the platelet counts.

the subtraction Method and simulation 
Method for determination of Platelet 
Counts
For the “subtraction method,” the platelet counts contained 
in fibrin clots were calculated by subtracting those in the clot 
exudate, in the supernatant serum, and in the RBC fraction (i.e., 
the red thrombus) from those in the starting whole-blood sample 
(Dohan Ehrenfest et al., 2010; Aggarwal and Singhal, 2015; Eren 
et al., 2016).

To validate this indirect method, we designed a “simulation 
method.” This method directly determined cell distribution in 
each fraction in the presence and absence of an anticoagulant 
(Watanabe et al., 2017).

scanning electron Microscopy (seM)
Platelets in the liquid PRP fractions or those released from the 
digested PRF and platelet-like particles were plated on to plastic 
dishes for 10 min and fixed with 2.5% neutralized glutaraldehyde, 
serially dehydrated in ethanol and t-butanol solutions, and freeze 
dried. They were then examined under a scanning electron 
microscope (TM-1000; Hitachi, Tokyo, Japan) with an accelerat-
ing voltage of 15 kV, as described previously (Kawase et al., 2014; 
Isobe et al., 2017b).

Flow-Cytometric Analysis
The platelet fractions were isolated from whole-blood samples by 
centrifugation (530 × g, 10 min) or from digested fibrin matri-
ces, washed twice with PBS, resuspended in PBS at a density of 
1–2 × 108/mL, and fixed with an equal volume of a commercial 
fixative, ThromboFix (Beckman-Coulter, Brea, CA, USA). After 
30-min incubation, platelets were washed twice with PBS and 
probed with both a fluorescein isothiocyanate-conjugated mouse 
monoclonal anti-CD41 antibody (BioLegend, San Diego, CA, 
USA) for 40  min at ambient temperature. After two washes 
with PBS, platelets were analyzed on a flow cytometer (Cell Lab 
Quanta SC; Beckman-Coulter Inc., Brea, CA, USA) as described 

before (Kawabata et al., 2017). For isotype controls, mouse IgG1 
(BioLegend) was employed.

statistical Analysis
White blood cell and platelet counts represent total number of 
those cells in fractions and clots unless otherwise specified. The 
data were expressed as mean ± SD. For multigroup comparisons, 
statistical analyzes were performed to compare the mean values 
by one-way analysis of variance, followed by Dunn’s multiple-
comparison test (SigmaPlot 12.5; Systat Software, Inc., San Jose, 
CA, USA). Differences with P values of <0.05 were considered 
statistically significant.

ResULts

Quantification of t-PA treatment 
outcomes
To validate our proposed procedure, we first examined the recov-
ery rate of platelets and WBCs using a PRP-FM. The time-course 
images of degradation of the PRP-FM are shown in Figure  1. 
In the plastic tubes, the PRP-FM did not form in the absence of 
the GBs and/or CaCl2 (Figure  1A). By contrast, the combined 
addition of GBs and CaCl2 and centrifugation made it possible 
for the PRP-FM to form. t-PA potently digested the PRP-FM in 
a time-dependent manner. After 3 h of digestion, ~70% of the 
clots were degraded, and this figure increased to over 90% after 
24 h (Figures 1B–E). The fibrin fibers that formed in PRP-FM 
clots were similar to those of PRF clots prepared from whole-
blood samples in terms of thickness and cross-link density 
(Figures 1F,G).

The size distribution of platelets, including that of the platelet-
like particles, is depicted in Figure  2. t-PA treatment reduced 
P-LCR (Figure 2A vs. Figures 2B–D), which can be viewed in 
histograms of the size distribution. This sharpened histogram 
shape persisted for up to 24 h of treatment without further changes 
(Figures 2B–D). For reference, the distribution histograms of a 
trypsin-digested PRP-FM in the absence or presence of EDTA 
are presented in Figures 2E,F. The distribution of larger particles 
became irregular, and PDW increased slightly as compared with 
the original plasma fraction.

These changes were then quantified. Changes in platelet 
counts (both in the estimated number and percentage) and 
platelet parameters are shown in Figure 3. Approximately 90% 
of the platelets were released within 6 h of treatment, which was 
sustained for up to 24 h, although we cannot rule out the possible 
inclusion of platelet-like particles such as the debris of degraded 
fibrin and shrunken WBCs. PDW, MPV, and P-LCR were the 
lowest at 3 and 6 h, and these values slightly increased at 24 h. 
Changes in WBC counts are shown in Figure 4. In contrast to 
the platelets, counts of released WBCs peaked within 3  h and 
declined gradually thereafter.

Qualitative Validation of the t-PA 
treatment
To rule out the possible contamination with platelet-like 
particles during the quantitative evaluation described earlier, 
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FIgURe 1 | Time-course of degradation images of a platelet-rich plasma (PRP)-FM. The PRP fraction after centrifugation with GBs; CaCl2 was not added (A). The 
PRP fraction after centrifugation with both GBs and added CaCl2. The PRP-FM has formed (B). The PRP-FM after digestion with tissue-plasminogen activator (t-PA) 
for 20 min (C), 3 h (d), and 24 h (e). Abbreviation: GBs, glass beads. Arrows indicate the remaining PRP-FM. Surface microstructures of PRP-FM (F) and 
platelet-rich fibrin (PRF) (g). Similar observations were obtained from other three independent blood samples.
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morphological features of the dispersed particles were examined 
by SEM. SEM images of platelets and other substances in the 
digestion mixture at the indicated time points are depicted in 
Figure 5. During the early phase of treatment (up to 6 h), fibrin 
fiber fragments were observed, which were further digested into 
smaller particles after 24 h. Therefore, the digestion mixture after 
the 24 h treatment seemed to contain only a negligible number 
of particles that could interfere with the estimation of platelet 
counts.

Application of the t-PA Procedure to  
PRF digestion
Platelet and WBC counts in PRF clots and in the correspond-
ing fractions prepared from whole-blood samples are shown in 
Figure  6. Our proposed method for determining platelet and 
WBC counts was compared with the simulation method and 

subtraction methods. For both counts, the simulation method 
without formation of fibrin clots appeared to underestimate 
platelet counts (Watanabe et  al., 2017). Our present method 
yielded data that were comparable to those of the subtraction 
method.

To investigate the platelet distribution in greater detail, we 
categorized the PRF clots into two groups: clots connected by 
large red thrombi (>10 mm) and those connected by small red 
thrombi (≤10 mm; Figure 7); we also determined the platelet and 
WBC counts. By delaying the centrifugation, we could control 
the size of red thrombi: when coagulation begins before the 
centrifugation-dependent fractionation, larger red thrombi are 
formed. The relations between platelet and WBC counts in the 
PRF clots and the sizes of red thrombi are presented in Figure 6. 
In upper panels (Figures  6A,B), platelet and WBC counts in 
t-PA–digested samples were compared with those of whole-blood 
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FIgURe 2 | Histograms of platelet size distribution, including genuine platelets and platelet-like particles. Platelet-rich plasma (PRP) fraction after centrifugation with 
glass beads, without added CaCl2 (A). PRP-FM after digestion with tissue-plasminogen activator (t-PA) for 3 h (B), 6 h (C), or 24 h (d). As comparison, PRP-FM 
after 5 h digestion with trypsin (e) or trypsin + EDTA (F). Abbreviations: PDW, platelet distribution width; MPV, mean platelet volume; P-LCR, platelet–large cell ratio.
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samples. Our proposed method revealed that 84.1% of platelets 
(vs. whole blood) and 74.5% of WBCs (vs. whole blood) were 
successfully counted in PRF clots. For reference, the subtraction 
method showed 92.7% of platelets and 101.9% of WBC but 
underestimated both platelet and WBC counts (49.0 and 11.9%, 
respectively). These cell counts were further analyzed in two cases 
(Figures 6C,D): when large red thrombi were tightly associated 
with the PRF clots, the platelet recovery rate in the PRF clots was 
significantly lower than that associated with the small red thrombi 
(67.2 vs. 92.5%). A similar phenomenon was observed in WBC 
counts (47.1 vs. 62.9%). By contrast, the subtraction method 
provided similar data on both platelets and WBCs regardless of 
red thrombus types.

To further rule out the significant contamination with platelet-
like particles, flow-cytometric analysis was carried out with a 
specific antibody against CD41, which is a convenient marker 

of platelets (Bagamery et  al., 2005). The percentages of CD41+ 
platelets in the populations corresponding to platelets are shown 
in Figure 8. There were no significant differences in the electronic 
volume (EV) histogram between the digested and control plate-
lets. Furthermore, there were no significant differences in the 
percentages of CD41+ cells in the gated populations among the 
samples tested; however, the shapes of the peaks (the range of 
CD41 expression per individual platelet) were different among 
the samples.

dIsCUssIoN

The platelet count is a quantity but has been accepted as one 
of the major indexes for ensuring the quality of platelet con-
centrates (Marx, 2001). Nevertheless, there has been a lack of a 
method for accurate determination of platelet counts in gel types 
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FIgURe 4 | Digestion time-dependent changes in white blood cell (WBC) counts. Total WBC counts released from a platelet-rich plasma-FM as a raw number  
(A) and a percentage (B) (N = 7).

FIgURe 3 | Digestion time–dependent changes in platelet counts and platelet parameters. Total platelet counts released from a platelet-rich plasma-FM as  
a raw number (A) and a percentage (B) (N = 13). Platelet distribution width (C), mean platelet volume (d), and platelet–large cell ratio (e) of the released  
platelets (N = 7).
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FIgURe 5 | Scanning electron microscopy images of the platelets and other substances present in the digestion mixture at the indicated time points. Platelet-rich 
plasma (PRP) before clotting (A). PRP-FM digested with tissue-plasminogen activator for 3 h (B), 6 h (C), and 24 h (d).

FIgURe 6 | A comparison of platelet and white blood cell (WBC) counting methods (simulation vs. subtraction vs. digestion). (A,B) Platelet and WBC counts in 
platelet-rich fibrin (PRF) clots and the corresponding fractions prepared from whole-blood samples (N = 11–6). (C,d) The relation between platelet and WBC counts 
in PRF clots and the sizes of red thrombi (small vs. large) (N = 5–10).

7

Kitamura et al. Determination of Platelet Counts in PRF

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org February 2018 | Volume 6 | Article 4

www.frontiersin.org/Bioengineering_and_Biotechnology
http://www.frontiersin.org
http://www.frontiersin.org/Bioengineering_and_Biotechnology/archive


FIgURe 7 | The appearance of clots formed after centrifugation.  
(A) A platelet-rich fibrin (PRF) clot associated with a large red thrombus 
(>10 mm). (B) A PRF clot associated with a small red thrombus (≤10 mm). 
The average length of PRF clots was 30–40 mm in both cases.
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it has generally been accepted that the subtraction method— 
subtracting platelet counts in the clot exudate, in the superna-
tant serum, and in the RBC fraction from those in the initial 
whole-blood sample—is sufficient for estimating the platelet 
counts in the PRF clot (Dohan Ehrenfest et al., 2010; Aggarwal 
and Singhal, 2015; Eren et  al., 2016). Nonetheless, the pitfall 
of this complicated indirect method is that platelet counts in 
whole-blood samples are determined using parallel samples 
containing an anticoagulant, not the anticoagulant-free sam-
ples employed for PRF preparation. In addition, even though 
blood cells are counted immediately after collection, this indi-
rect method does not take into account a possible platelet loss 
during the preparation and estimation processes. For example, 
platelets can easily adhere to the inside wall of glass tubes 
with insufficient silicon coating, to uncoated stainless-steel 
compression devices, and to dry gauze (Kobayashi et al., 2012; 
Watanabe et al., 2017), or may be damaged during squeezing of 
exudates from clots by strong compression (Dohan Ehrenfest 
et  al., 2010). In addition, significant numbers of aggregated 
platelets are a part of red thrombi (Watanabe et  al., 2017) 
and therefore cannot be counted by the subtraction method. 
Thus, we have emphasized the necessity of a direct method for 
determining platelet counts to investigate the possible relation 
between the bioactivity and platelet counts in PRF and PRF 
derivatives in more detail. Comparative evaluation of the 
conventional subtraction method and the proposed digestion 
method is summarized in Table 1. In brief, compared with the 
subtraction method, the major advantages of our proposed 
method are (1) high accuracy, (2) simple procedure, (3) no 
technical skill, and (4) no limitation to types of fibrin matrix, 
while the major disadvantages are (1) long completion time, (2) 
cost of the reagent (t-PA), (3) requirement of incubator, and (4) 
additional tubes required for growth factor assays.

In a preliminary study, we tested several proteases, such as 
trypsin, dispase, and plasmin; however, these reagents appeared 
to poorly disperse platelets or seriously damage platelets, judging 
by the data on a platelet size distribution and SEM observa-
tions. t-PA significantly reduced the size of platelets, but did not 
produce significant amounts of platelet-like debris, i.e., fibrin 
fragments. Therefore, these findings suggested that platelets can 
be effectively dispersed by t-PA from fibrin matrices containing 
trapped platelets with minimal damage to (or loss of) platelets or 
overestimation of platelet counts. We validated the accuracy of 
this digestion method on PRP-FM and subsequently tested the 
method on PRF clots in this study. On the other hand, we believe 
that this method can be applied to most types of fibrin matrices 
where platelets are trapped, including advanced-PRF and CGF, 
because their mechanical and degradation properties and micro-
structure of the fibrin fiber meshwork are almost identical to one 
another (Isobe et al., 2017b).

As for the difference between t-PA and plasmin, several possi-
ble points can be considered and discussed. It is known that t-PA, 
a serine protease that converts the proenzyme plasminogen to the 
proteinase plasmin, is specifically bound to fibrin along with plas-
minogen, and that t-PA activity can be enhanced over 100-fold 
through specific binding (Nieuwenhuizen, 2001; Kruithof and 
Dunoyer-Geindre, 2014). Accordingly, it can be predicted that the 

of platelet concentrates such as PRF. So far, platelet counts have 
been calculated but not directly determined by the subtraction 
method. The major drawbacks of this method are discussed in 
detail in the following paragraph. In summary, however, this 
method provides data that reflect the sum of errors deriving 
from operators’ technical skills, surface properties of devices, 
and the complicated nature of the procedure. Therefore, we have 
long doubted the accuracy of this indirect method. To improve 
this state of affairs, in this study, we attempted to develop a 
direct method, validated it on PRP-FM clots whose platelets are 
counted before clotting, and applied it to PRF clots. Although 
WBCs were not successfully recovered by t-PA digestion as 
much as expected, platelets could be recovered at or beyond the 
acceptable levels.

Because blood cells are deformable and not ideally spherical, 
and because their specific gravity depends on individual cell 
types, fractionation of blood cells varies among the individual 
blood samples and among centrifugation conditions. For 
determination of platelet counts in PRF and PRF derivatives, 

www.frontiersin.org/Bioengineering_and_Biotechnology
http://www.frontiersin.org
http://www.frontiersin.org/Bioengineering_and_Biotechnology/archive


9

Kitamura et al. Determination of Platelet Counts in PRF

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org February 2018 | Volume 6 | Article 4

FIgURe 8 | Histograms of particle size, which is expressed as electronic volume (EV), in all populations (A), and CD41+ platelets in the gated populations  
(B). (C) The percentage of CD41+ platelets in the gated populations. Platelets derived from a platelet-rich plasma (PRP)-FM and whole-blood-derived  
platelet-rich fibrin (PRF) clots; large and small red thrombi are compared with platelets contained in the PRP fraction before clotting (N = 6 or 12).

tABLe 1 | Comparison between the conventional subtraction method and the 
proposed digestion method.

subtraction  
method

digestion 
method

Accuracy Medium High
Approach Indirect Direct
Procedure Complicated Simple
Time for completion Medium Long
Operators’ skill High Low
Error range Wide Narrow
Cost Low Medium
Specific instruments None (or compression device) Incubator
Correlation with 
growth factor levels

Possible in single tubes Parallel tubes of 
samples required

Applicability Limited to platelet-rich fibrin and its 
derivatives (the original whole-blood 
samples and the resulting liquid 
fractions required)

No limitation

plasmin converted by t-PA on fibrin fibers is capable of degrading 
fibrin fibers effectively. By contrast, it is likely that exogenously 
added plasmin binds to fibrin less effectively, and consequently 

degrades fibrin fibers with lower potency than on-site converted 
plasmin doses. Furthermore, endogenous α2-antiplasmin, if 
present in the clots, may interfere with the action of exogenous 
plasmin, which cannot be ignored (Palta et al., 2014).

Finally, we would like to discuss the major possible pathways of 
clot formation by comparing fibrin clot formation in vitro (which 
results from activation of the intrinsic coagulation pathway) with 
in vivo extrinsic hemostasis (Figure 9). In vivo platelet activation 
and aggregation precede clot formation. Therefore, it is possible 
that platelet aggregates form the core of the secondary platelet 
plugs, i.e., blood clots (Palta et al., 2014), and it is widely accepted 
that platelets cannot be easily dispersed from blood clots. By 
contrast, during in vitro PRF formation, activation of factor XII 
in the coagulation cascade (Vogler and Siedlecki, 2009), conse-
quently inducing conversion of fibrinogen to fibrin, precedes 
platelet activation, aggregation, and adhesion to fibrin fibers. In 
support of this mechanism, we previously reported that platelet 
aggregates are located predominantly on the surface of a clot, and 
at the interface between upper conventional PRF and the lower 
red thrombus (Kobayashi et al., 2012). Thus, we can theorize that 
it is easier to release platelets by fibrin digestion from PRF clots.

www.frontiersin.org/Bioengineering_and_Biotechnology
http://www.frontiersin.org
http://www.frontiersin.org/Bioengineering_and_Biotechnology/archive


10

Kitamura et al. Determination of Platelet Counts in PRF

Frontiers in Bioengineering and Biotechnology | www.frontiersin.org February 2018 | Volume 6 | Article 4

FIgURe 9 | Differences in the pathways of clot formation. (A) In vitro platelet-rich fibrin (PRF) cloy formation. (B) In vivo primary hemostasis of the extrinsic pathway. 
(C) In vivo secondary hemostasis of the extrinsic pathway.

CoNCLUsIoN

Here, we demonstrated that t-PA is potent enough to successfully 
disperse platelets aggregated in insoluble fibrin matrices enriched 
with platelets. We believe that this methodology will be helpful in 
detailed studies on the relation between growth factor levels and 
platelet counts for any types of platelet concentrates.

ethICs stAteMeNt

The approved written informed consent documents were pre-
sented, and some elements of informed consent were given orally 
via a full and clear but succinct explanation, without jargon or 
technical terms, to the subjects considering to participation in 
this project. After obtaining the documents signed by the subjects 

agreeing to participate, we collected blood samples from four 
nonsmoking, healthy male subjects with ages ranging from 29 
to 57 years. Despite having lifestyle-related diseases and taking 
medication, these donors had no limitations on the activities of 
daily living. These donors also declared to be free of HIV, HBV, 
HCV, or syphilis infections. In addition, a prothrombin test was 
performed on all the blood samples by means of CoaguChek® 
XS (Roche, Basel, Switzerland), and all the samples were found 
to be normal. The blood derivatives and other biological waste 
were disposed of as medical waste at Niigata University Hospital. 
The study design and consent forms for all the procedures 
were approved by the ethics committee for human subjects of 
the Niigata University School of Medicine (Niigata, Japan) in 
accordance with the Helsinki Declaration of 1964 as revised  
in 2013.
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