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Leucocyte- and platelet rich fibrin (L-PRF) is an autologous biomaterial used in
regenerative procedures. It has an antimicrobial activity against P. gingivalis although
the mechanism is not fully understood. It was hypothesized that L-PRF exudate releases
hydrogen peroxide and antimicrobial peptides that inhibit P. gingivalis growth. Agar plate
and planktonic culture experiments showed that the antimicrobial effect of L-PRF exudate
against P. gingivalis was supressed by peroxidase or pepsin exposure. In developing
multi-species biofilms, the antimicrobial effect of L-PRF exudate was blocked only by
peroxidase, increasing P. gingivalis growth with 1.3 log genome equivalents. However, no
effect was shown on other bacteria. Pre-formed multi-species biofilm trials showed no
antimicrobial effect of L-PRF exudate against P. gingivalis or other species. Our findings
showed that L-PRF exudate may release peroxide and peptides, which may be
responsible for its antimicrobial effect against P. gingivalis. In addition, L-PRF exudate
had an antimicrobial effect against P. gingivalis in an in vitro developing multi-
species biofilm.

Keywords: biofilms, L-PRF, wound healing, antimicrobial mechanism of action, infection disease, oral microbiota
INTRODUCTION

Microorganisms associated with both caries and periodontal diseases are metabolically highly
specialized and organized in multi-species microbial biofilms. A homeostatic balance usually
characterizes multi-species biofilms under health conditions. Nevertheless, some highly
specialized members of those communities can play an important role in provoking a dysbiosis
and deregulation of the host immune response driven by several specific factors such as
environmental stressors, inflammation and positive feedback loops. This may result in the
destruction of periodontal tissues in susceptible individuals (Sanz et al., 2017).
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Among the microorganisms isolated from patients suffering
from periodontal pathologies, Porphyromonas gingivalis is the
most commonly found (Davey, 2006; Brunner et al., 2010). This
Gram-negative and obligate anaerobic bacterium produces
several virulence factors that contribute to its pathogenicity
(Tokuda et al., 1996; Jain and Darveau, 2010), for instance
enabling the invasion of periodontal tissue and providing
protection against the host defence (Lamont et al., 1995; Laine
et al., 1997). In addition, the intra-oral presence of this
microorganism has been identified as a risk factor for
pulmonary infections, preterm delivery and low birth weight
(Scannapieco, 2006; Offenbacher et al., 2006). Furthermore, their
presence in atherosclerotic plaques was shown to increase the
risk of myocardial infarction, and it was also isolated from
dentoalveolar abscesses (Dymock et al., 1996; Sanz et al., 2020).

One of the most common periodontal causative treatments
consists of subgingival debridement, and a surgical intervention
for the more advanced types of periodontitis (Slots, 2017).
Subgingival debridement, as defined during the first European
Workshop on Periodontology (Lang and Karring, 1994), aims for
the disruption and/or removal of the acquired biofilm so that (re)
attachment of periodontal tissues to the root surface can occur
(Drisko, 2001; Dentino et al., 2013). The clinical end points of
periodontal debridement are, among others, the reduction of
periodontal inflammation and probing pocket depths less than
5 mm (Laleman et al., 2017). Periodontal surgery would be
recommended when the pockets are ≥ 5 mm, given that residual
pockets of ≥ 5 mm are predictive for further attachment loss and
tooth loss (Claffey and Egelberg, 1995; Heitz-Mayfield, 2005;
Matuliene et al., 2008). Moreover, antimicrobial agents and
antiseptic solutions are frequently prescribed as adjunctive to
the initial non-surgical therapy (da Costa et al., 2017).

Recently, new tissue engineering techniques have been
studied for regenerative procedures after non-surgical
periodontal therapy (Shanbhag et al., 2019). Platelet
concentrates have been used and studied to enhance and speed
up wound healing by promoting recruitment, proliferation, and
maturation of cells involved in tissue healing and regeneration
(Boswell et al., 2012). Leucocyte- and platelet rich fibrin (L-PRF),
a second-generation platelet concentrate, was introduced as an
autologous biomaterial that serves as scaffold for regenerating
cells. L-PRF is prepared from the patient’s own blood, without
additives, and concentrates more than 80% of the platelets and
more than 75% of the leucocytes of what is present in the initial
blood sample (Dohan Ehrenfest et al., 2010). Different forms of
L-PRF can be prepared. The L-PRF exudate is produced after
compressing the L-PRF clots to get the L-PRF membrane, which
is the most frequently employed L-PRF material (Castro et al.,
2019a; Castro et al., 2019b).

L-PRF offers a continuous release of bioactive elements, such
as growth factors (transforming growth factor b1, vascular
endothelial growth factor, platelet-derived growth factor AB),
cytokines (interleukin 1, 4 and 6) and bone morphogenic
proteins (BMP 1, 2 and 9) that stimulate and protect the
surgical site (Dohan Ehrenfest et al., 2009; Anitua et al., 2012;
Li et al., 2013; Castro et al., 2019a).
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Various studies have reported other biological properties of
L-PRF, such as enhancing wound healing, diminishing post-
operative pain and minimizing the risk of infection (Bi et al.,
2020; Petrescu et al., 2021). Furthermore, recent research in this
also reported an antimicrobial effect of L-PRF against key
periodontal pathogens (Castro et al., 2019b). This study
assessed the antimicrobial properties of L-PRF against the
main periodontopathogens, grown on agar plates and in
planktonic cultures. The authors concluded that an L-PRF
membrane had a strong antimicrobial capacity, especially
against P. gingivalis. The L-PRF exudate also caused a strong
inhibition of P. gingivalis grown on agar plates. Moreover, L-PRF
exudate decreased the numbers of viable P. gingivalis in a dose-
dependent way (Castro et al., 2019b).

However, the mechanism behind the antimicrobial effect of
L-PRF on P. gingivalis has not been fully understood yet. Current
evidence suggests that platelets may play multiple roles in
antimicrobial host defence (Yeaman, 2014). They generate
oxygen metabolites, including superoxide, hydrogen peroxide
and hydroxyl free radicals, capable of binding, aggregating, and
internalizing microorganisms. In addition, platelets can also
release an array of potent antimicrobial peptides (Blair and
Flaumenhaft, 2009).

The primary aim of this study was to characterize the
mechanisms involved in the antimicrobial effect of L-PRF
exudate against P. gingivalis. The secondary aim of this study
was to evaluate the antimicrobial effect of L-PRF exudate against
P. gingivalis in a multi-species biofilm. The null hypotheses were
postulated as (1) L-PRF exudate does not release peroxide or/and
peptides that inhibit or decrease P. gingivalis growth, (2) L-PRF
exudate has no effect on P. gingivalis in a pre-formed multi-
species biofilm, and (3) L-PRF exudate does not release peroxide
or/and peptides that inhibit or decrease the growth of P.
gingivalis in a developing multi-species biofilm.
METHODS

Blood Collection and L-PRF Preparation
L-PRF samples were obtained from the blood of one systemically
healthy and non-smoker adult volunteer (27-year-old male) who
had not taken any antibiotics for 6 months before the study.
Blood was collected with sterile 9-mL silica-coated plastic tubes
without anticoagulant (BVBCTP-2, Intra-Spin, Intra-Lock, FL,
USA) and immediately centrifuged at 408 x g for 12 min with a
table centrifuge (IntraSpin, Intra-Lock, Boca Raton, FL, USA).
After centrifugation, the L-PRF clot was carefully removed from
the tube and it was transformed into a membrane (1-mm in
thickness) by gentle compression (KU Leuven Congres, 2018).
The liquid released during the compression, also called L-PRF
exudate, was stored at -80°C for further use. No complications
were reported during blood collection.

Bacterial Strains and Culture Conditions
The following bacterial collection was used: Aggregatibacter
actinomycetemcomitans (ATCC 43718), Prevotella intermedia
October 2021 | Volume 11 | Article 722499
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(ATCC 25611), Porphyromonas gingivalis (ATCC 33277),
Fusobacterium nucleatum (ATCC 20482), Streptococcus
mutans (ATCC 20523), Streptococcus sobrinus (ATCC 20742),
Actinomyces naeslundi (ATCC 51655), Actinomyces viscosus
(DSM 43327), Veillonella parvula (DSM 2008), Streptococcus
oralis (DSM 20627), Streptococcus sanguinis (LM14657),
Streptococcus gordonii (ATCC 49818), Streptococcus mitis
(DSM 12643), Streptococcus salivarius (TOVE-R). These 14
bacterial species were maintained on blood agar (Oxoid,
Basingstoke, UK) supplemented with 5 mg/mL hemin (Sigma,
St. Louis, USA), 1 mg/mL menadione (Calbiochem-
Novabiochem, La Jolla, CA, USA), and 5% sterile horse blood
(E&O Laboratories, Bonnybridge, Scotland). Overnight liquid
cultures were prepared in Brain Heart Infusion (BHI) broth
(Difco, Detroit, MI, USA). Bacteria were cultured under
anaerobic conditions (80% N2, 10% H2 and 10% CO2) in the
case of P. gingivalis, Prevotella intermedia, Fusobacterium
nucleatum, Actinomyces naeslundii, Actinomyces viscosus and
Veillonella parvula, or under aerobic conditions (5% CO2) for
Aggregatibacter actinomycetemcomitans, Streptococcus
sanguinis, Streptococcus gordonii, Streptococcus salivarius,
Streptococcus mitis, Streptococcus oralis, Streptococcus mutans
and Streptococcus sobrinus.
Characterization of the Mechanisms
Involved in the Antimicrobial Effect of
L-PRF Exudate Against P. gingivalis
Agar Plate Experiments
Antagonistic experiments were performed on blood agar plates
(Difco, Sparks, MD, USA) and modified BHI agar plates (Alvarez
et al., 2013) supplemented with 5 mg/mL hemin (Sigma, St.
Louis, MO, USA) and 1 mg/mL menadione (Calbiochem-
Novabiochem, La Jolla, CA, USA) using the spotting technique
(Herrero et al., 2016). An overnight culture of P. gingivalis was
centrifuged (1438 x g, 10 min) and adjusted to an OD600 nm of 0.5
(~1x108 CFU/mL). Next, 100 µL of this bacterial suspension was
inoculated uniformly on both blood agar plates and modified
BHI agar plates using a cotton swab. The agar plates were
anaerobically incubated at 37°C for 1 h to dry the bacterial
solution on the agar surface in advance of spotting. Mixtures
consisting of L-PRF exudate combined (ratio 1:1) with
phosphate-buffered saline (PBS) supplemented with
horseradish peroxidase (HRP; 80 µg/µL; Sigma, St. Louis, MO,
USA), PBS supplemented with trypsin-EDTA (0.1%; Gibco-
Thermo Fisher Scientific, Grand Island, NY, USA) or PBS
supplemented with pepsin from porcine gastric mucosa
(128 µg/µL; Sigma, St. Louis, MO, USA) were prepared. The
solutions were sterilized with a 0.2 µm pore size and 25 mm
diameter (50/pkg) sterile syringe filters (Pall Acrodisc® with
Supor® Membrane, Pall Laboratory, Port Washington, NY,
USA). Afterwards, these mixtures were incubated aerobically at
37°C for 30 min to let the enzymes act upon the peroxide or
peptides possibly present in the L-PRF sample. Subsequently,
one drop of 10 µL of L-PRF exudate exposed to either HRP,
trypsin-EDTA or pepsin was inoculated directly on top of the
bacterial inoculum on the agar plates. HRP, trypsin-EDTA and
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
pepsin had a final concentration of 40 µg/µL, 0.05% and
64 µg/µL, respectively. Ten µL of L-PRF exudate diluted in PBS
(1:1) without these enzymes were used as diluted positive control.
Another 10 µL of pure L-PRF exudate without PBS or any
enzyme was considered as undiluted positive control. Ten µL
of chlorhexidine 0.12% was also used as positive control. On the
other hand, 10 µL of PBS was used as negative control. L-PRF
exudate was inactivated following the protocol described by
Soltis and co-workers (Soltis et al., 1979). Briefly, L-PRF
exudate was heat-inactivated in a heat block at 56°C for 30
minutes. Immediately after that, the sample containing the
inactive L-PRF was cooled down with tap water. Then, 10 µL
of inactive L-PRF exudate was used as negative control.

After 48 h of anaerobic incubation (37°C), the inhibitory
effect of the six different conditions was evaluated. A calibrated
photograph was taken of the agar plates and the inhibition areas
(IA) were measured and calculated with ImageJ® software
(Image Processing and Analysis in Java, 1.8.0_77).

Planktonic Culture Experiments
Antagonistic experiments using planktonic cultures were
performed as follows. An overnight culture of P. gingivalis was
adjusted to and OD600 nm of 0.5 (~1x108 CFU/mL), centrifuged
(1438 x g, 10 min) and re-suspended in fresh double-
concentrated modified BHI supplemented with 10 mg/mL
hemin and 2 mg/mL menadione due to the future 1:2 dilution
after adding the test and control substances. The modified BHI
used in this experiment was the same as the one used in the agar
plates experiments but without containing the agar. Afterwards,
a sample was taken for a viability-qPCR analysis to determine the
initial bacterial concentration. Successively, 150 µL of this
bacterial suspension was added to seven different wells of a 96-
well plate (150 µL/well). These 96-well culture plates were made
of polystyrene, sterile and had a physically treated surface
(Greiner CELLSTAR®, Kremsmünster, Austria).

Subsequently, two 150-µL L-PRF exudate solutions
supplemented either with HRP (80 µg/µL) or pepsin (128 µg/µL)
were aerobically incubated at 37°C for 30minutes and then added to
two different wells of the 96-well plate containing the bacterial
suspensions. These two test groups had identically final
concentrations as the ones used on the agar-plate assays (40 µg/
µL for HRP and 64 µg/µL for pepsin). As a negative control, 150 µL
of PBS was added to one of the seven wells containing the adjusted
P. gingivalis overnight culture. A 150-µL solution of inactive L-PRF
exudate was added to one of the seven wells containing the adjusted
P. gingivalis overnight culture and was used as negative control. The
heat-inactivation procedure was identical to the one described for
the agar plate experiments (Soltis et al., 1979). Two different 150-µL
solutions of chlorhexidine (0.12% and 0.2%) were respectively used
as positive controls. Two different concentrations of chlorhexidine
were used to compare them with the inhibition areas of the tested
solutions and to eventually establish a relationship in means of
inhibition power. Each of them was added to a different well
containing 150 µL of the adjusted P. gingivalis overnight culture.
In addition, 150 µL of L-PRF exudate was added to another well
containing the adjusted P. gingivalis overnight culture as a positive
control. Consequently, the positive control’s final concentration
October 2021 | Volume 11 | Article 722499
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used in this planktonic culture assay was equivalent to the diluted
positive control’s final concentration used on agar plates. All test
and control solutions were sterilized with sterile syringe filters before
any anaerobic incubation.

After 24 h of anaerobic incubation at 37°C, bacterial DNA
was extracted from 90 µL of each condition and quantified by
means of viability-qPCR in order to calculate differences in
bacterial numbers, expressed as the logarithmic values of
genome equivalents per millilitre (log10(Geq/mL). These
differences were calculated by deducting the bacterial number
of the initial inoculum from the bacterial numbers obtained for
each condition (Dlog10(Geq/mL)). The enzymatic blocking effect
on the growth inhibition of P. gingivalis exerted by the L-PRF
exudate was contrasted against a control group containing L-PRF
exudate without any enzymes.
Effect of L-PRF Exudate Against P.
gingivalis in a Multi-Species Biofilm
Multi-Species Biofilm Preparation
A 14-species community was pre-formed using a BIOSTAT® B
TWIN bioreactor (Sartorius, Germany). 750 mL of modified BHI
broth was added to the reactor vessel together with 5 mg/mL
hemin, 1 mg/mL menadione and 200 mL/L antifoam Y-30
(Sigma, St. Louis, USA). The medium was pre-reduced over
24 h at 37°C by bubbling 100% N2 and 5% CO2 in the medium
under continuous stirring at 300 rpm. The pH was set at 6.7 +/−
0.1. After 24 h, each overnight culture of S. sanguinis, S. gordonii,
S. mitis, S. oralis, S. mutans, S. sobrinus, A. viscosus, A.
naeslundii, P. intermedia, P. gingivalis, F. nucleatum, A.
actinomycetemcomitans, S. salivarius, and V. parvula were
adjusted to an OD600 nm of 1.4 and added to the bioreactor
vessel. During the first 48 h, the medium was not replaced. After
that, the medium was replaced at a rate of 200 mL/24 h (Herrero
et al., 2016). The effect of the L-PRF exudate on biofilm
composition was evaluated using both during biofilm
formation and using a pre-formed biofilm.

Pre-Formed Multi-Species Biofilm Experiments
Briefly, a bioreactor-derived 14-species co-culture was diluted
1:10 in modified BHI. Next, a sample was taken to determine the
initial concentration of each species by means of a viability-
qPCR. The diluted (1:10) 14-species community was inoculated
in a 24-well plate (1 mL/well), followed by anaerobic incubation
(37°C, 24 h). These 24-well culture plates were made of
polystyrene, sterile and had a tissue culture treated surface
(Greiner CELLSTAR®, Kremsmünster, Austria). Afterwards,
the supernatants were removed from all wells and the baseline
bacterial concentrations in the pre-formed biofilm were
determined by means of viability-qPCR after detaching the
biofilm from one well as described below. Subsequently, 1 mL
of a solution containing L-PRF exudate and modified BHI in a
1:1 ratio was added to the test group’s wells, followed by
anaerobic incubation (37°C, 24 h). The modified BHI used in
this experiment was the same as the one used in the agar plates
experiments but without containing the agar.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
The negative control was obtained by the addition of 500 µL
modified BHI combined with 500 µL L-PRF exudate. L-PRF
inactivation was achieved by heating the sample containing the L-
PRF exudate in a heat block at 56°C for 30 min. Immediately after
that, the sample containing the inactive L-PRF was cooled down
with tap water and was used as negative control (Soltis et al., 1979).
Another negative control was obtained by the addition of 1 mL of
modified BHI. The positive control was a solution of 500 µL
modified BHI mixed with 500 µL chlorhexidine 0.12%. All test
and control solutions were sterilized with sterile syringe filters
before any anaerobic incubation.

After 24 h of anaerobic incubation (37°C), supernatants were
removed. Subsequently, treated biofilms were detached by
adding 1 mL trypsin-EDTA 0.05% for 5 min (37°C), then
centrifuged (6000× g for 5 min) and re-suspended in 500 µL
PBS. Afterwards, bacterial DNA was extracted from 90 µL of
these samples and quantified by means of viability-qPCR in
order to calculate differences in bacterial numbers, expressed as
the logarithmic values of genome equivalents per millilitre [log10
(Geq/mL). These differences were calculated by deducting the
baseline bacterial numbers of the pre-formed biofilm for each
bacterial number of the initial inoculum from the bacterial
numbers obtained for each condition (Dlog10(Geq/mL)]. The
inhibitory effect of L-PRF exudate on P. gingivalis was compared
to the effect of inactivated L-PRF exudate and modified BHI as
negative controls and to the effect of chlorhexidine 0.12% as
positive control.

Developing Multi-Species Biofilm Experiments
For developing multi-species biofilm experiments, 500 µL of the
same 14-species community used in the pre-formed multispecies
biofilm experiments (diluted 1:5 in modified BHI) was combined
with 500 µL of L-PRF exudate in the wells of a 24-well plate
(Greiner CELLSTAR®, Kremsmünster, Austria). The modified
BHI used in this experiment was the same as the one used in the
agar plates experiments but without containing the agar. A
sample was taken from the diluted culture to determine the
initial bacterial concentrations by means of viability-qPCR. After
24 h of anaerobic incubation (37°C), biofilms were detached
using trypsin EDTA 0.5%, followed by DNA extraction and
quantification by viability-qPCR.

In addition, the inhibitory mechanism behind the effect of the
L-PRF exudate was assessed in the same way as in planktonic
cultures, but now in developing multi-species biofilms.
Therefore, two 500-µL L-PRF exudate solutions supplemented
either with HRP (80 µg/µL) or pepsin (128 µg/µL) were
aerobically incubated at 37°C for 30 minutes and then added
to two different wells of a 24-well plate containing the multi-
species biofilm solution. These two test groups had identically
final concentrations as the ones used on the agar-plate assays and
planktonic cultures (40 µg/µL for HRP and 64 µg/µL for pepsin).
Then, a 500-µL solution of L-PRF exudate without any enzyme
supplement was considered as a positive control. Two 500-µL
solutions of chlorhexidine 0.12% and 0.2% were used as
additional positive controls. The negative control was obtained
by the addition of 500 µL of modified BHI combined with 500 µL
October 2021 | Volume 11 | Article 722499
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of inactive L-PRF exudate (Soltis et al., 1979). All test and control
solutions were sterilized with sterile syringe filters before any
anaerobic incubation.

After 24 h of anaerobic incubation (37°C), supernatants were
removed. Next, treated biofilms were detached by adding 1 mL
trypsin EDTA 0.05% for 5 min (37°C), centrifuged (6000 × g for
5 min) and re-suspended in 500 µL PBS. Afterwards, bacterial
DNA was extracted from 90 µL of these samples and quantified
by means of viability-qPCR in order to calculate differences in
bacterial numbers, expressed as the logarithmic values of genome
equivalents per millilitre [log10(Geq/mL)]. These differences
were calculated by deducting the baseline bacterial numbers of
the pre-formed biofilm for each bacterial number of the initial
inoculum from the bacterial numbers obtained for each
condition [(Dlog10(Geq/mL)].

The enzymatic blocking effect on the growth inhibition of P.
gingivalis produced by L-PRF exudate was contrasted against a
control group containing L-PRF exudate without any enzymes.

Viability-qPCR
To extract DNA only from living bacteria, samples were first treated
with propidium monoazide (PMA) (Biotium, Hayward, CA, USA)
as described previously (Loozen et al., 2011; Alvarez et al., 2013).
Briefly, 10 µL of PMA (final concentration of 100 µg/mL) was
immediately added to 90-mL aliquots of the samples, followed by a
5-min incubation in the dark. Next, photo-induced cross-linking of
PMA was achieved through a 10-min light exposure using a 400 W
(500 lm) light source, placed 20 cm above the sample, while samples
were kept on ice. The PMA-treated bacteria were pelleted by
centrifugation at 20000 × g for 10 min and DNA extraction was
performed using the QIAamp DNA Mini kit (Qiagen, Hilden,
Germany) following the manufacturer’s instructions, but with
extension of the incubation time during the bacterial lysis step
with lysozyme (20 mg/mL) at 37°C to 2 h. A qPCR assay was
performed with a CFX96 Real-Time System (Biorad, Hercules, CA,
USA) using the Taqman 5′ nuclease assay PCR method for
detection and quantification of bacterial DNA. Primers and
probes were targeted against the 16 S rRNA gene for the test
group and for the negative control (Appendix 1). Taqman reactions
contained 12.5 µLMastermix (Eurogentec, Seraing, Belgium), 4.5 µL
sterile H2O, 1 mL of each primer and probe, and 5 µL template
DNA. Assay conditions for all primer/probe sets consisted of an
initial 2 min at 50°C, followed by a denaturation step at 95°C for 10
min, followed by 45 cycles of 95°C for 15 s and 60°C for 60 s. The
quantification was based on a plasmid standard curve as described
by Herrero and co-workers (Herrero et al., 2016; Appendix 1).

Statistical Analysis
Differences in the logarithmic values of genome equivalents per
millilitre [Dlog10(Geq/mL)] between conditions were statistically
analysed using a linear mixed model (pairwise comparisons of
marginal linear predictions using Bonferroni’s method; adjusted
across all terms) with STATA® 15 and S-Plus 8.0, using the
experiment number as random effect and the conditions tested as
fixed effect. Mean values and standard deviations (SD) or
standard errors (SE) were calculated. Corrections for
simultaneous hypothesis testing was applied according to
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
Sidak. Likelihood ratio (LR) was estimated to compare the
fixed effect model against the linear mixed effect model.
Outcome data distribution was graphically assessed using a
Quantile-Quantile plot (Q-Q plot). For the dichotomous
variable (presence or absence of bacterial growth inhibition),
data were analysed using a generalized linear mixed model with
experiment number as random effect and condition as fixed
effec t for b inary data us ing a probi t l ink and a
continuity correction.
RESULTS

Characterization of the Mechanisms
Involved in the Antimicrobial Effect of
L-PRF Exudate Against P. gingivalis
Agar Plate Experiments
Agar plates experiments were performed with two different agar
plates because the blood agar plates may have presented a higher
concentration of hemin, which could interact with peroxide (iron
in hemin might detoxify peroxide) and interfere in the results.

L-PRF exudate exposed to trypsin and L-PRF exudate diluted
in PBS always resulted in an inhibition of P. gingivalis, on both
blood agar and modified BHI agar plates (Table 1).

Undiluted L-PRF exudate presented a larger inhibition area
than L-PRF exudate exposed to trypsin in modified BHI agar
(p<0.001). However, no statistically significant difference was
found in blood agar plates between undiluted L-PRF exudate and
trypsin-treated L-PRF exudate (p=0.962). This result may be
attributed to the different composition of each medium and its
possible interactions with trypsin. Undiluted L-PRF exudate
presented a statistically significant larger inhibition area than
L-PRF exudate diluted in PBS (p<0.001 for both, blood and
modified BHI agar). Chlorhexidine conditions always presented
a larger inhibition areas than the other conditions, both on blood
and modified BHI agar plates (p<0.001). L-PRF exudate exposed
to horseradish peroxidase (HRP) or pepsin never showed an
inhibition of P. gingivalis. Likewise, inactive L-PRF exudate also
showed no inhibition of P. gingivalis neither on blood agar plates,
nor on modified BHI agar plates (Table 1 and Figure 1). The
comparisons with the statistical analysis are shown inAppendix 2.
Normality assessment of the residual analysis showed that
residuals were normally distributed after applying a log(x+1)
transformation to the data (Appendix 3).
Planktonic Culture Experiments
L-PRF exudate statistically significantly decreased (p<0.001) the
concentration of P. gingivalis compared to inactive L-PRF
exudate [Dlog10(Geq/mL)=1.9]. This effect was less pronounced
for L-PRF exudate + pepsin [Dlog10(Geq/mL)=1.5], L-PRF
exudate + HRP [Dlog10(Geq/mL)=1.6] and PBS [Dlog10(Geq/
mL)=1.2].

There were no statistically significant differences between
inactive L-PRF exudate, L-PRF exudate + pepsin or L-PRF
exudate + HRP (p>0.05 for all these comparisons).
October 2021 | Volume 11 | Article 722499
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The antimicrobial effect of L-PRF exudate on P. gingivalis was
significantly lower than the effect of chlorhexidine 0.2% [Dlog10
(Geq/mL=-0.6); p=0.008], but not different from chlorhexidine
0.12% (Table 2 and Appendix 4).

Normality assessment of the residual analysis showed that
residuals (x+1) were normally distributed (Appendix 3).
Differences in logarithmic values of bacterial numbers among
the conditions are shown in Figure 2.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
Effect of L-PRF Exudate Against P.
gingivalis in a Multi-Species Biofilm
Pre-Formed Multi-Species Biofilm Experiments
There were no statistically significant differences between the
L-PRF exudate and inactive L-PRF exudate or modified BHI in
terms of decreases in P. gingivalis concentrations. In contrast,
chlorhexidine 0.12% decreased the concentration of P. gingivalis in
comparison to L-PRF exudate [Dlog10(Geq/mL)=1.4; p<0.001],
TABLE 1 | Antagonistic experiments on agar plates (mean ± SD).

Condition BLOOD AGAR PLATES MODIFIED BHI AGAR PLATES

Growth inhibition
(n)

Average of growth inhibition area (mm2) n Growth inhibition
(n)

Average of growth inhibition area (mm2) n

No Yes No Yes

Positive control
CHX 0.12% 0 54 234.0 ± 27.1 54 0 69 433.2 ± 62.3 69
Undiluted L-PRF 0 54 61.2 ± 6.7 54 0 69 92.2 ± 19.2 69
L-PRF + PBS 0 54 56.4 ± 6.4 54 0 69 69.0 ± 16.9 69
Enzymatic treatment
L-PRF + PBS + Pepsin 19 0 0 19 24 0 0 24
L-PRF + PBS + HRP 15 0 0 15 20 0 0 20
L-PRF + PBS + Trypsin 0 20 59.9 ± 5.5 20 0 25 76.5 ± 14.2 25
Negative control
Inactive L-PRF 54 0 0 54 69 0 0 69
PBS 54 0 0 54 69 0 0 69
October 2021 | Volume 11 | Article 7224
CHX, Chlorhexidine; L-PRF, Leucocyte- and platelet rich fibrin exudate; PBS, Phosphate-buffered saline; HRP, Horseradish peroxidase; n, number of samples.
FIGURE 1 | Inhibition areas presented on blood and modified BHI agar plates previously inoculated with an overnight culture of P. gingivalis after exposure to the
following conditions: (1) CHX 0.12%, (2) Undiluted L-PRF, (3) L-PRF + PBS, (4) Inactive L-PRF, (5) PBS, (6) L-PRF + PBS + Pepsin, (7) L-PRF + PBS + HRP or
(8) L-PRF + PBS + Trypsin.
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inactive L-PRF exudate [Dlog10(Geq/mL)=1.4; p<0.001] or
modified BHI [Dlog10(Geq/mL)=-1.4; p<0.001] (Table 3).

Normality assessment of the residual analysis showed that
residuals (x+1) were normally distributed (Appendix 3).
Differences in logarithmic values of bacterial numbers among
the conditions for P. gingivalis are shown in Figure 3. No effect of
L-PRF exudate was found for the other bacterial species
(Appendix 5 and 6).
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Developing Multi-Species Biofilm Experiments
L-PRF exudate decreased the concentration of P. gingivalis in
comparison with inactive L-PRF exudate [Dlog10(Geq/mL)=1.8;
p<0.001], PBS [Dlog10(Geq/mL)=1.1; p=0.006] and L-PRF
exuda t e e xpo s ed t o HRP [D l o g 1 0 (Geq /mL )=1 . 3 ;
p<0.001] (Table 4).

However, and in contrast with the planktonic cultures
experiments, there were no statistically significant differences
between L-PRF exudate and L-PRF exudate exposed to pepsin
(p=0.999). Moreover, no statistically significant differences
were found between L-PRF exudate exposed to pepsin and
both chlorhexidine concentrations, 0.12% (p=0.999) or
0.2% (p=0.168).

Furthermore, there were also no statistically significant
differences between L-PRF exudate and both chlorhexidine
solutions, 0.12% (p=0.999) or 0.2% (p=0.099) (Table 4).

Normality assessment of the residual analysis showed that
residuals (x+1) were normally distributed (Appendix 3).
Differences in logarithmic values of bacterial numbers among
the conditions for P. gingivalis are shown in Figure 4. No effect of
L-PRF exudate was found for the other bacterial species
(Appendices 7–10).
DISCUSSION

This study showed that L-PRF exudate caused the growth
inhibition of P. gingivalis on agar plates, in planktonic cultures
and during the development of in vitro multi-species biofilms.
This antimicrobial effect was blocked in all models by exposing
the L-PRF exudate to horseradish peroxidase. Pepsin showed
FIGURE 2 | Planktonic cultures experiments on P. gingivalis boxplot.
Negative values represent bacterial growth inhibition while positive values
indicate bacterial growth. Dlog10(Geq/mL), Differences in logarithmic values of
genome equivalents per millilitre; L-PRF, leucocyte- and platelet rich fibrin;
PBS, phosphate-buffered saline; CHX, Chlorhexidine; HRP, Horseradish
peroxidase.
TABLE 2 | Comparisons of the effects of the different solutions on P. gingivalis in planktonic cultures.

Comparison* Difference p-value 95% CI

Inactive L-PRF vs L-PRF 1.915 <0.001 1.409 – 2.421
L-PRF + HRP vs L-PRF 1.628 <0.001 1.122 – 2.134
L-PRF + pepsin vs L-PRF 1.483 <0.001 0.977 – 1.989
PBS vs L-PRF 1.244 <0.001 0.738 – 1.750
CHX 0.12% vs L-PRF 0.322 0.999 -0.183 – 0.828
CHX 0.2% vs L-PRF -0.590 0.008 -1.096 – -0.084
L-PRF + HRP vs Inactive L-PRF -0.287 0.999 -0.793 – 0.218
L-PRF + pepsin vs Inactive L-PRF -0.431 0.200 -0.937 – 0.074
PBS vs Inactive L-PRF -0.670 0.001 -1.176 – -0.164
CHX 0.12% vs Inactive L-PRF -1.593 <0.001 -2.099 – -1.087
CHX 0.2% vs Inactive L-PRF -2.506 <0.001 -3.012 – -2.001
L-PRF + pepsin vs L-PRF + HRP -0.144 0.999 -0.650 – 0.361
PBS vs L-PRF + HRP -0.383 0.448 -0.889 – 0.122
CHX 0.12% vs L-PRF + HRP -1.305 <0.001 -1.811– -0.799
CHX 0.2% vs L-PRF + HRP -2.218 <0.001 -2.724 – -1.712
PBS vs L-PRF + pepsin -0.238 0.999 -0.744 – 0.267
CHX 0.12% vs L-PRF + pepsin -1.1613 <0.001 -1.667 – -0.655
CHX 0.2% vs L-PRF + pepsin -2.07415 <0.001 -2.580 – -1.568
CHX 0.12% vs PBS -0.922 <0.001 -1.428 – -0.416
CHX 0.2% vs PBS -1.835 <0.001 -2.341 – -1.329
CHX 0.2% vs CHX 0.12% -0.912 <0.001 -1.418 – -0.406
October 2021 | Volume 11
Dlog10(Geq/mL), differences in logarithmic values of genome equivalents per millilitre; CHX, Chlorhexidine; L-PRF, Leucocyte- and platelet rich fibrin exudate; PBS, Phosphate-buffered
saline; HRP, Horseradish peroxidase; CI, Confidence interval.
*Bonferroni’s pairwise comparisons adjusted across all terms (p-values). Differences were calculated by deducting the Dlog10(Geq/mL) of the second condition from the Dlog10(Geq/mL) of
the first condition. Standard error was 0.166 for all comparisons.
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similar blocking effects on L-PRF exudate, with the exception of
in the developing multi-species biofilm model.

Although previous studies demonstrated the antimicrobial
capability of L-PRF membranes and exudate against P. gingivalis,
the exact mechanisms underlying this effect has not been
completely revealed yet (Castro et al., 2019b). A preceding
study found that PRF contained immunoglobulin G (IgG) that
may provide some infection control against periodontal bacteria
during the postoperative wound healing period (Yaprak et al.,
2018). Another study investigating injectable PRF (i-PRF)
reported that its antimicrobial and antibiofilm activity was
probably related to permeability proteins, more specifically
lactoferrin, defensins, heparin binding protein, cathelicidins
and phospholipase A2 (Jasmine et al., 2020). The authors of
this study also stated that the inhibitory and bactericidal effect of
i-PRF was due to its composition of platelets, fibrin, fibronectin,
thrombin, HBD-3 peptide (antimicrobia l peptide) ,
myeloperoxidase and inclusion of white blood cells (Jasmine
et al., 2020). In a recent study, bacterial biofilms retrieved from
the subgingival plaque of a volunteer with a relatively healthy
periodontium were cultivated on a sandblasted, large grit, acid-
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
etched titanium disk (Schuldt et al., 2020). After exposing the
biofilms to L-PRF, numerous pores/perforations were found in
the bacterial cell membranes and PF-4/CXCL4 kinocidins
containing antimicrobial peptides were detected. The authors
of this study associated the bacterial lysis produced by the
platelets from L-PRF to the action of these peptides against the
hydrophobic bacterial cell membranes (Schuldt et al., 2020).

However, the direct relation between those peptides and the
antimicrobial capacity of the L-PRF had not been shown yet.
Concerning the L-PRF exudate, no specific mechanisms of
blood-derived products were known for the antimicrobial
capability against P. gingivalis. As demonstrated herein and
suggested in previous studies, an antimicrobial effect may exist
in L-PRF exudate (Castro et al., 2019b). According to the
findings of the present study, platelets contained in the L-PRF
exudate may contribute to its antimicrobial potential by
generating hydrogen peroxide and antimicrobial peptides.
Some human platelet antimicrobial peptides have already been
identified in the material released from human platelets, such as
platelet factor 4, fibrinopeptide A, fibrinopeptide B, thymosin b-
4, platelet basic protein, connective tissue activating peptide 3
FIGURE 3 | Pre-formed multi-species biofilm experiments on P. gingivalis
boxplot. Negative values represent bacterial growth inhibition while positive
values indicate bacterial growth. Dlog10(Geq/mL), Differences in logarithmic
values of genome equivalents per millilitre; L-PRF, Leucocyte- and platelet rich
fibrin; PBS, Phosphate-buffered saline; CHX, Chlorhexidine; HRP,
Horseradish peroxidase.
FIGURE 4 | Developing multi-species biofilm experiments on P. gingivalis
boxplot. Negative values represent bacterial growth inhibition while positive
values indicate bacterial growth. Dlog10(Geq/mL), Differences in logarithmic
values of genome equivalents per millilitre; L-PRF, Leucocyte- and platelet rich
fibrin; PBS, Phosphate-buffered saline; CHX, Chlorhexidine; HRP,
Horseradish peroxidase.
TABLE 3 | Comparisons of effects of the tested solutions on P. gingivalis in pre-formed multi-species biofilm experiments.

Comparison* Difference p-value 95% CI

Inactive L-PRF vs L-PRF -0.031 0.999 -0.164 – 0.103
BHI vs L-PRF -0.058 0.999 -0.192 – 0.075
CHX 0.12% vs L-PRF -1.429 <0.001 -1.563 – -1.295
BHI vs Inactive L-PRF -0.027 0.999 -0.161 – 0.106
CHX 0.12% vs Inactive L-PRF -1.399 <0.001 -1.533 – -1.265
CHX 0.12% vs BHI -1.371 <0.001 -1.505 – -1.237
October 2021 | Volume 11
Dlog10(Geq/mL), differences in logarithmic values of genome equivalents per millilitre; CHX, Chlorhexidine; L-PRF, Leucocyte- and platelet rich fibrin exudate; BHI, Modified brain heart
infusion; CI, Confidence interval.
*Bonferroni’s pairwise comparisons adjusted across all terms (p-values). Differences were calculated by deducting the Dlog10(Geq/mL) of the second condition from the Dlog10(Geq/mL) of
the first condition. Standard error was 0.05 for all comparisons.
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and RANTES. Additionally, platelets have the capacity to
generate antimicrobial oxygen metabolites including
superoxide, hydrogen peroxide, and hydroxyl free radicals
(Tang et al., 2002).

Considering the findings of the current study obtained for
planktonic cultures and developing multi-species biofilms, the
antimicrobial effect of L-PRF exudate may be qualified as
bactericidal rather than bacteriostatic. These results are in
contrast with the conclusions of a previous systematic review
of pre-clinical evidence investigating the antimicrobial properties
of platelet-rich preparations (Fabbro et al., 2016).

However, no antimicrobial effect of L-PRF exudate against P.
gingivalis could be observed in a pre-formed multi-species
biofilm in the present study. The differences found in the
antimicrobial effect of L-PRF exudate against P gingivalis
between the pre-formed and the developing multi-species
biofilm may be due to the nature of the biofilm in its
developing phases. It has been suggested that hydrogen
peroxide plays an important role in the formation and the
composition of oral biofilms (Zhu and Kreth, 2012). Some
commensal species suppress the amounts of pathobionts in
oral biofilms by hydrogen peroxide production, but this effect
is neutralized when these biofilms persist over longer periods or
become more abundant (Herrero et al., 2016). The hydrogen
peroxide within the L-PRF exudate may act as an additional
source, which is reflected in the decrease of P. gingivalis growth
in developing multi-species biofilms. However, the L-PRF
exudate did not influence established biofi lms. The
extracellular polymeric substance layer and a reduced
metabolic state of the bacteria in the deeper layers may be
responsible for the decreased susceptibility of the established
biofilms to the L-PRF exudate, similar to what has been described
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
for the effect of conventional antimicrobials on established
biofilms (Corbin et al., 2011).

No enzymatic conditions were tested from the beginning in
the developing multi-species biofilm experiments with trypsin.
These conditions were previously performed in the planktonic
culture experiments and trypsin did not show any blocking effect
on the antimicrobial capacity of L-PRF exudate against P.
gingivalis. Therefore, it was considered not relevant to include
the enzymatic conditions with trypsin in the developing multi-
species biofilm experiments.

All experiments in this study were performed with L-PRF
exudate obtained from the blood of one volunteer. This
methodology was chosen to decrease variability across the
experiments and consequently increase the accuracy of the
results. Although this may be considered as a limitation since
the effect of the L-PRF exudate could be patient specific.
However, a previous study could not find, from 9 volunteers,
an L-PRF exudate that was not active against P. gingivalis (Castro
et al., 2019b).

All assays in this study were performed with the same strain
of P. gingivalis (ATCC 33277). Therefore, the findings of the
present study might not be extrapolatable to other clinical strains
of P. gingivalis.

To the best of our knowledge, this study was the first one to
investigate the underlying mechanisms responsible for the
antimicrobial effect of L-PRF exudate against P. gingivalis in
different models simultaneously. Moreover, this was also the first
time that the antimicrobial effect of L-PRF exudate against P.
gingivalis was assessed on established and developing multi-
species biofilms.

Within the limitations of this study, it can be concluded that
L-PRF exudate may release peroxide and peptides, which may be
TABLE 4 | Comparisons of the effects of the tested solutions on P. gingivalis in developing multi-species biofilm experiments.

Comparison* Difference p-value 95% CI

Inactive L-PRF vs L-PRF 1.782 <0.001 0.873 – 2.691
PBS vs L-PRF 1.081 0.006 0.173 – 1.991
L-PRF + HRP vs L-PRF 1.340 <0.001 0.431 – 2.248
L-PRF + pepsin vs L-PRF -0.051 0.999 -0.961 – 0.859
CHX 0.12% vs L-PRF 0.388 0.999 -0.521 – 1.297
CHX 0.2% vs L-PRF -0.845 0.099 -1.754 – 0.063
PBS vs Inactive L-PRF -0.701 0.402 -1.609 – 0.208
L-PRF + HRP vs Inactive L-PRF -0.442 0.999 -1.351 – 0.466
L-PRF + pepsin vs Inactive L-PRF -1.833 <0.001 -2.743 – -0.922
CHX 0.12% vs Inactive L-PRF -1.394 <0.001 -2.302 – -0.485
CHX 0.2% vs Inactive L-PRF -2.627 <0.001 -3.536 – -1.719
L-PRF + HRP vs PBS 0.258 0.999 -0.650– 1.167
L-PRF + pepsin vs PBS -1.132 0.003 -2.042 – -0.222
CHX 0.12% vs PBS -0.693 0.429 -1.602 – 0.215
CHX 0.2% vs PBS -1.927 <0.001 -2.835 – -1.018
L-PRF + pepsin vs L-PRF + HRP -1.391 <0.001 -2.301 – -0.480
CHX 0.12% vs L-PRF + HRP -0.951 0.031 -1.860 – -0.043
CHX 0.2% vs L-PRF + HRP -2.185 <0.001 -3.094– -1.276
CHX 0.12% vs L-PRF + pepsin 1.782 0.999 -0.471 – 1.349
CHX 0.2% vs L-PRF + pepsin 1.081 0.168 -1.704 – 0.115
CHX 0.2% vs CHX 0.12% 1.341 0.001 -2.142 – -0.324
October 2021 | Volume 11
Dlog10(Geq/mL), differences in logarithmic values of genome equivalents per millilitre; CHX, Chlorhexidine; L-PRF, Leucocyte- and platelet rich fibrin exudate; PBS, Phosphate-buffered
saline; HRP, Horseradish peroxidase; CI, Confidence interval.
*Bonferroni’s pairwise comparisons adjusted across all terms (p-values). Differences were calculated by deducting the Dlog10(Geq/mL) of the second condition from the Dlog10(Geq/mL) of
the first condition. Standard error was 0.299 for all comparisons.
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responsible for its antimicrobial effect against P. gingivalis. In
addition, L-PRF exudate may have an antimicrobial effect against
P. gingivalis in developing in vitro multi-species biofilms. Future
research is required to evaluate the effect of L-PRF on different
strains of diverse bacterial species to investigate the clinical
relevance of these findings.
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Wannes Van Holmes, and Wim Coucke for their valuable advice
all along the investigations of this research.
SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fcimb.2021.722499/
full#supplementary-material
REFERENCES

Alvarez, G., Gonzalez, M., Isabal, S., Blanc, V., and Leon, R. (2013). Method to
Quantify Live and Dead Cells in Multi-Species Oral Biofilm by Real-Time PCR
With Propidium Monoazide. AMB Express. 3, 1. doi: 10.1186/2191-0855-3-1

Anitua, E., Alkhraisat, M. H., and Orive, G. (2012). Perspectives and Challenges in
Regenerative Medicine Using Plasma Rich in Growth Factors. J. Control
Release. 157, 29–38. doi: 10.1016/j.jconrel.2011.07.004

Bi, J., Intriago, M. F. B., Koivisto, L., Jiang, G., Häkkinen, L., Larjava, H., et al.
(2020). Leucocyte- and Platelet-Rich Fibrin Regulates Expression of Genes
Related to Early Wound Healing in Human Gingival Fibroblasts. J. Clin.
Periodontol. 47, 851–862. doi: 10.1111/jcpe.13293

Blair, P., and Flaumenhaft, R. (2009). Platelet Alpha-Granules: Basic Biology and
Clinical Correlates. Blood Rev. 23, 177–189. doi: 10.1016/j.blre.2009.04.001

Boswell, S. G., Cole, B. J., Sundman, E. A., Karas, V., and Fortier, L. A. (2012).
Platelet-Rich Plasma: A Milieu of Bioactive Factors. Arthrodcopy 28, 429–439.
doi: 10.1016/j.arthro.211.10.018

Brunner, J., Scheres, N., El Idrissi, N. B., Deng, D. M., Laine, M. L., vanWinkelhoff,
A. J., et al. (2010). The Capsule of Porphyromonas Gingivalis Reduces the
Immune Response of Human Gingival Fibroblasts. BMC Microbiol. 10, 5.
doi: 10.1186/1471-2180-10-5

Castro, A. B., Cortellini, S., Temmerman, A., Li, X., Pinto, N., Teughels, W., et al.
(2019a). Characterization of the Leukocyte- and Platelet-Rich Fibrin Block:
Release of Growth Factors, Cellular Content, and Structure. Int. J. Oral.
Maxillofac Implants. 34, 855–864. doi: 10.11607/jomi.7275

Castro, A. B., Herrero, E. R., Slomka, V., Pinto, N., Teughels, W., and Quirynen,
M. (2019b). Antimicrobial Capacity of Leucocyte-and Platelet Rich Fibrin
Against Periodontal Pathogens. Sci. Rep. 9, 8188. doi: 10.1038/s41598-019-
44755-6

Claffey, N., and Egelberg, J. (1995). Clinical Indicators of Probing Attachment Loss
Following Initial Periodontal Treatment in Advanced Periodontitis Patients.
J. Clin. Periodontol. 22, 690–696. doi: 10.1111/j.1600-051x.1995.tb00828.x

Corbin, A., Pitts, B., Parker, A., and Stewart, P. S. (2011). Antimicrobial
Penetration and Efficacy in an In Vitro Oral Biofilm Model. Antimicrob.
Agents Chemother. 55, 3338–3344. doi: 10.1128/AAC.00206-11

da Costa, L., Amaral, C., Barbirato, D. D. S., Leao, A. T. T., and Fogacci, M. F.
(2017). Chlorhexidine Mouthwash as an Adjunct to Mechanical Therapy in
Chronic Periodontitis: A Meta-Analysis. J. Am. Dent. Assoc. 148, 308–318.
doi: 10.1016/j.adaj.2017.01.021

Davey, M. E. (2006). Techniques for the Growth of Porphyromonas Gingivalis
Biofilms. Periodontol 2000. 42, 27–35. doi: 10.1111/j.1600-0757.2006.00183.x
Dentino, A., Lee, S., Mailhot, J., and Hefti, A. F. (2013). Principles of
Periodontology. Periodontol 2000. 61, 16–53. doi: 10.1111/j.1600-0757.
2011.00397.x

Dohan Ehrenfest, D. M., Del Corso, M., Diss, A., Mouhyi, J., and Charrier, J. B.
(2010). Three-Dimensional Architecture and Cell Composition of a
Choukroun’s Platelet-Rich Fibrin Clot and Membrane. J. Periodontol. 81,
546–555. doi: 10.1902/jop.2009.090531

Dohan Ehrenfest, D. M., de Peppo, G. M., Doglioli, P., and Sammartino, G. (2009).
Slow Release of Growth Factors and Thrombospondin-1 in Choukroun’s
Platelet-Rich Fibrin (PRF): A Gold Standard to Achieve for All Surgical
Platelet Concentrates Technologies. Growth Factors. 27, 63–69. doi: 10.1080/
08977190802636713

Drisko, C. H. (2001). Nonsurgical Periodontal Therapy. Periodontol. 2000. 25, 77–
88. doi: 10.1034/j.1600-0757.2001.22250106.x

Dymock, D., Weightman, A. J., Scully, C., and Wade, W. G. (1996). Molecular
Analysis of Microflora Associated With Dentoalveolar Abscesses. J. Clin.
Microbiol. 34, 537–542. doi: 10.1128/jcm.34.3.537-542.1996

Fabbro, M. D., Bortolin, M., Taschieri, S., Ceci, C., and Weinstein, R. L. (2016).
Antimicrobial Properties of Platelet-Rich Preparations. A Systematic Review of
the Current Pre-Clinical Evidence. Platelets 27, 276–285. doi: 10.3109/
09537104.2015.1116686

Heitz-Mayfield, L. J. (2005). Disease Progression: Identification of High-Risk
Groups and Individuals for Periodontitis. J. Clin. Periodontol. 32, 196–209.
doi: 10.1111/j.1600-051X.2005.00803.x

Herrero, E. R., Slomka, V., Boon, N., Bernaerts, K., Hernandez-Sanabria, E.,
Quirynen, M., et al. (2016). Dysbiosis by Neutralizing Commensal Mediated
Inhibition of Pathobionts. Sci. Rep. 6, 38179. doi: 10.1038/srep38179

Jain, S., and Darveau, R. P. (2010). Contribution of Porphyromonas Gingivalis
Lipopolysaccharide to Periodontitis. Periodontol 2000. 54, 53–70. doi: 10.1111/
j.1600-0757.2009.00333.x

Jasmine, S., Thangavelu, A., Janarthanan, K., Krishnamoorthy, R., and Alshatwi, A. A.
(2020). Antimicrobial and Antibiofilm Potential of Injectable Platelet Rich Fibrin-a
Second-Generation Platelet Concentrate-Against Biofilm Producing Oral
Staphylococcus Isolates. Saudi J. Biol. Sci. 27, 41–46. doi: 10.1016/j.sjbs.2019.04.012

KU Leuven Congres. (2018). Guidelines for the Use of L-PRF. Available at: https://
kuleuvencongres.be/ENHD2018/guidelines-for-use-of-l-prf.pdf (Accessed
August 08, 2021).

Laine, M. L., Appelmelk, B. J., and van Winkelhoff, A. J. (1997). Prevalence and
Distribution of Six Capsular Serotypes of Porphyromonas Gingivalis in
Periodontitis Patients. J. Dent. Res. 76, 1840–1844. doi: 10.1177/
00220345970760120601
October 2021 | Volume 11 | Article 722499

https://www.frontiersin.org/articles/10.3389/fcimb.2021.722499/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcimb.2021.722499/full#supplementary-material
https://doi.org/10.1186/2191-0855-3-1
https://doi.org/10.1016/j.jconrel.2011.07.004
https://doi.org/10.1111/jcpe.13293
https://doi.org/10.1016/j.blre.2009.04.001
https://doi.org/10.1016/j.arthro.211.10.018
https://doi.org/10.1186/1471-2180-10-5
https://doi.org/10.11607/jomi.7275
https://doi.org/10.1038/s41598-019-44755-6
https://doi.org/10.1038/s41598-019-44755-6
https://doi.org/10.1111/j.1600-051x.1995.tb00828.x
https://doi.org/10.1128/AAC.00206-11
https://doi.org/10.1016/j.adaj.2017.01.021
https://doi.org/10.1111/j.1600-0757.2006.00183.x
https://doi.org/10.1111/j.1600-0757.2011.00397.x
https://doi.org/10.1111/j.1600-0757.2011.00397.x
https://doi.org/10.1902/jop.2009.090531
https://doi.org/10.1080/08977190802636713
https://doi.org/10.1080/08977190802636713
https://doi.org/10.1034/j.1600-0757.2001.22250106.x
https://doi.org/10.1128/jcm.34.3.537-542.1996
https://doi.org/10.3109/09537104.2015.1116686
https://doi.org/10.3109/09537104.2015.1116686
https://doi.org/10.1111/j.1600-051X.2005.00803.x
https://doi.org/10.1038/srep38179
https://doi.org/10.1111/j.1600-0757.2009.00333.x
https://doi.org/10.1111/j.1600-0757.2009.00333.x
https://doi.org/10.1016/j.sjbs.2019.04.012
https://kuleuvencongres.be/ENHD2018/guidelines-for-use-of-l-prf.pdf
https://kuleuvencongres.be/ENHD2018/guidelines-for-use-of-l-prf.pdf
https://doi.org/10.1177/00220345970760120601
https://doi.org/10.1177/00220345970760120601
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Rodrı́guez Sánchez et al. Antimicrobial Mechanisms of L-PRF Exudate
Laleman, I., Cortellini, S., De Winter, S., Rodriguez Herrero, E., Dekeyser, C.,
Quirynen, d, et al. (2017). Subgingival Debridement: End Point, Methods and
How Often? Periodontol 2000. 75, 189–204. doi: 10.1111/prd.12204

Lamont, R. J., Chan, A., Belton, C. M., Izutsu, K. T., Vasel, D., and Weinberg, A.
(1995). Porphyromonas Gingivalis Invasion of Gingival Epithelial Cells. Infect.
Immun. 63, 3878–3885. doi: 10.1128/iai.63.10.3878-3885.1995

Lang, N. P., and Karring, T. (1994). “Kieser, J. B. Nonsurgical Periodontal
Therapy,” in Proceedings of the 1st European Workshop on Periodontology,
(Ed. Quintessence, London, UK) 131–158.

Li, Q., Pan, S., Dangaria, S. J., Gopinathan, G., Kolokythas, A., Chu, S., et al. (2013).
Platelet-Rich Fibrin Promotes Periodontal Regeneration and Enhances Alveolar
Bone Augmentation. BioMed. Res. Int. 2013:638043. doi: 10.1155/2013/638043

Loozen, G., Boon, N., Pauwels, M., Quirynen, M., and Teughels, W. (2011). Live/
Dead Real-Time Polymerase Chain Reaction to Assess New Therapies Against
Dental Plaque-Related Pathologies. Mol. Oral. Microbiol. 26, 253–261.
doi: 10.1111/j.2041-1014.2011.00615.x

Matuliene, G., Pjetursson, B. E., Salvi, G. E., Schmidlin, K., Brägger, U., Zwahlen, M.,
et al. (2008). Influence of Residual Pockets on Progression of Periodontitis and
Tooth Loss: Results After 11 Years of Maintenance. J. Clin. Periodontol. 35, 685–
695. doi: 10.1111/j.1600-051X.2008.01245.x

Offenbacher, S., Boggess, K. A., Murtha, A. P., Jared, H. L., Lieff, S., McKaig, R. G.,
et al. (2006). Progressive Periodontal Disease and Risk of Very Preterm Delivery.
Obstet Gynecol. 107, 29–36. doi: 10.1097/01.aog.0000190212.87012.96

Petrescu, B. N., Mirica, I. C., Miron, R., Campian, R. S., and Lucaciu, O. (2021).
Platelet Rich Fibrin as a Gingival Tissue Regeneration Enhancer. J. Dent. Sci.
16, 536–539. doi: 10.1016/j.jds.2020.08.014

Sanz, M., Curtis, M. A., Cury, J. A., Dige, I., Dommisch, H., et al. (2017). Role of
Microbial Biofilms in the Maintenance of Oral Health and in the Development
of Dental Caries and Periodontal Diseases. Consensus Report of Group 1 of the
Joint EFP/ORCA Workshop on the Boundaries Between Caries and
Periodontal Disease. J. Clin. Periodontol. 44, S5–s11. doi: 10.1111/jcpe.12682

Sanz, M., Jepsen, S., Gonzalez-Juanatey, J. R., D'Aiuto, F., Bouchard, P., et al.
(2020). Periodontitis and Cardiovascular Diseases: Consensus Report. J. Clin.
Periodontol. 47, 268–288. doi: 10.1111/jcpe.13189

Scannapieco, F. A. (2006). Pneumonia in Nonambulatory Patients. The Role of
Oral Bacteria and Oral Hygiene. J. Am. Dent. Assoc. 137, 21s–25s.
doi: 10.14219/jada.archive.2006.0400

Schuldt, L., Bi, J., Owen, G., Shen, Y., Haapasalo, M., Häkkinen, L., et al. (2020).
Decontamination of Rough Implant Surfaces Colonized by Multispecies Oral
Biofilm by Application of Leukocyte- and Platelet-Rich Fibrin. J. Periodontol.
32853401. doi: 10.1002/JPER.20-0205
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 11
Shanbhag, S., Suliman, S., Pandis, N., Stavropoulos, A., Sanz, M., and Mustafa, K.
(2019). Cell Therapy for Orofacial Bone Regeneration: A Systematic Review
and Meta-Analysis. J. Clin. Periodontol. 46, 162–182. doi: 10.1111/jcpe.13049

Slots, J. (2017). Periodontitis: Facts, Fallacies and the Future. Periodontol 2000. 75,
7–23. doi: 10.1111/prd.12221

Soltis, R. D., Hasz, D., Morris, M. J., and Wilson, I. D. (1979). The Effect of Heat
Inactivation of Serum on Aggregation of Immunoglobulins. Immunology 36,
37–45.

Tang, Y., Michael, R. Y., and Michael, E. S. (2002). Antimicrobial Peptides From
Human Platelets. Infect. Immun. 70, 6524–6533. doi: 10.1128/IAI.70.12.6524-
6533.2002

Tokuda, M., Duncan, M., Cho, M. I., and Kuramitsu, H. K. (1997). Role of
Porphyromonas Gingivalis Protease Activity in Colonization of Oral Surfaces.
Infect. Immun. 64, 4067–4073. doi: 10.1128/iai.64.10.4067-4073.1996

Yaprak, E., Kasap, M., Akpinar, G., Islek, E. E., and Sinanoglu, A. (2018).
Abundant Proteins in Platelet-Rich Fibrin and Their Potential Contribution
to Wound Healing: An Explorative Proteomics Study and Review of the
Literature. J. Dent. Sci. 13, 386–395. doi: 10.1016/j.jds.2018.08.004

Yeaman, M. (2014). Platelets: At the Nexus of Antimicrobial Defence. Nat. Rev.
Microbiol. 12, 426–437. doi: 10.1038/nrmicro3269

Zhu, L., and Kreth, J. (2012). The Role of Hydrogen Peroxide in Environmental
Adaptation of Oral Microbial Communities. Oxid. Med. Cell Longev.
2012, 717843. doi: 10.1155/2012/717843

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.
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