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Comparative Evaluation of Antimicrobial Efficacy of Platelet-rich
Plasma, Platelet-rich Fibrin, and Injectable Platelet-rich Fibrin on the
Standard Strains of Porphyromonas gingivalis and Aggregatibacter

actinomycetemcomitans

Abstract

Context: Platelet concentrates are commonly used to promote periodontal soft- and hard-tissue
regeneration. Recently, their antimicrobial efficacy is also explored. Various platelet concentrates
have evolved which differ in the centrifugation protocols. Porphyromonas gingivalis (Pg) and
Aggregatibacter actinomycetemcomitans (Aa) have been found to have an important role in
periodontal pathology. Aims: In this study, PRP, PRF, and I-PRF are compared for their antibacterial
effect against Pg and Aa. Materials and Methods: Blood samples were obtained from ten
systemically and periodontally healthy individuals. Platelet concentrates were prepared using
standardized centrifugation protocol. Antimicrobial activity was examined on standard strains of
Pg and Aa using well diffusion method. Statistical Analysis Used: Means for the width of zones
of inhibition were calculated along with standard deviations, and the comparison was made using
Wilcoxon signed-rank test. Results: In case of Pg, [-PRF had the widest zone of inhibition which
was significantly wider as compared to PRF. Furthermore, PRP had significantly wider zone of
inhibition against PRF. In case of Aa, PRP had wider zone of inhibition which was significantly
wider as compared to that of PRF and I-PRF. Conclusions: All the three platelet concentrates PRP,
PREF, and I-PRF have antibacterial activity, but PRP and I-PRF are more active as compared to PRF.
I-PRF being autologous and easy to prepare can be a very useful adjunct to the surgical therapy in
bringing down the bacterial count helping in wound healing and regeneration.
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Introduction

Periodontitis, an inflammatory disease of
supporting tissues of the teeth, is caused
by a specific microorganism or group of
specific microorganisms and results in
the progressive destruction of periodontal
tissues and pocket formation, recession, or
both.t!

Using checkerboard DNA-DNA
hybridization, Socransky et al. identified
five microbial complexes, which are
repeatedly found together in subgingival
biofilm. Among these, the “red complex”
is considered the most pathogenic
microbial complex. In addition to the
red complex, different combinations of
bacterial species have been reported to be
the causative agents for periodontitis such
as the combination of Porphyromonas
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gingivalis  (Pg) and  Aggregatibacter
actinomycetemcomitans (Aa) which has
been shown to play an important role in
periodontal pathology in various studies.™

Various approaches applied for the treatment
of periodontitis include mechanical therapy,
periodontal surgery, and use of local and
systemic antibiotics. All these treatment
approaches aim at controlling the infection
which is important for proper wound
healing and subsequent regeneration of
periodontal tissues, but there is always a
risk of bacterial contamination with surgical
procedures, and sometimes even after
stringent disinfection, bacteria may still be
able to survive and infiltrate into deeper
tissues.

Recently, platelet  concentrates  are
increasingly being used for the successful
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management of the manifestations of periodontal diseases.
The regenerative potential and anti-inflammatory action of
the platelet concentrates has been explored considerably.
The mechanism suggested for the regenerative potential of
platelet concentrates is the release of various growth factors
from the platelets.*-*!

Platelet-rich plasma (PRP) has been studied considerably in
the past two decades and its regenerative potential is well
known. It improves wound healing by releasing a variety
of growth factors and positively affects the gingival and
periodontal fibroblasts and osteoblasts.!"! Platelet-rich
fibrin (PRF) is a second-generation platelet concentrate that
has a dense network of fibrin, forming a membrane with
entrapped platelets, leukocytes, growth factors, structural
glycoproteins, and cytokines. PRF can recruit stem
cells and stimulate cell migration and differentiation. In
addition to that, its physiologic architecture favors wound
healing.['>!9 Injectable PRF (I-PRF) is one of the recently
introduced platelet concentrates. As the name suggests, it
is available in injectable form and coagulates few minutes
after the injection. It is also called “blood concentrate”
because in addition to platelets and leukocytes, it also
contains stem cells and endothelial cells.l'®!

In addition to the regenerative potential, the antibacterial
activity of the platelet concentrates has been reported
against  Staphylococcus —aureus,"  Escherichia coli,”?"
Klebsiella  pneumoniae,®  and Streptococcus oralist
among the other microorganisms. The leukocytes in PRF
are known to exhibit antimicrobial activity.l'”’ There are a
few studies where antibacterial activity of PRP and PRF
has been compared against Pg and Aa.**?*! However,
there is not much evidence for the antibacterial activity
of I-PRF against these periodontal pathogens since I-PRF
has been recently introduced. I-PRF is being studied for its
regenerative potential and release of growth factors, and
owing to its ease of preparation and capability to be used
with other biomaterials, its other properties including the
antibacterial property also need to be explored.

22]

Hence, in this study, I-PRF is being compared with the
other two platelet concentrates, that is, PRP and PRF, for
its antibacterial effect against two periodontal pathogens:
Pg and Aa using well diffusion method and comparing the
zones of inhibition.

Materials and Methods

The participants for our study were selected from
individuals visiting the Department of Periodontology
in our college and the samples were analyzed for their
antimicrobial activity in the department of Microbiology.
The research was started after obtaining the ethical
clearance from the institute.

Gingival index®! (Loe and Silness-1967) was recorded
and a total of ten systemically and periodontally healthy
individuals with age above 25 years were included in the
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study. Individuals selected did not have any bleeding on
probing or gingival inflammation (gingival index score <1).
All the individuals with probing depth >3 mm and the
presence of clinical attachment loss, habit of smoking or
tobacco chewing, any systemic diseases or infections,
individuals using anti-inflammatory or antibiotic drugs for
the last 6 months, and pregnant and lactating mothers were
excluded from the study.

Written informed consent was taken from all the individuals.
10 ml of blood was withdrawn from each individual. 3 ml

Figure 1: Prepared injectable platelet-rich fibrin (a), platelet-rich fibrin (b),
and platelet-rich plasma (c)

Figure 2: Samples added to the wells prepared in agar plates inoculated with
Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans

Figure 3: (a) Zones of inhibition observed around platelet-rich plasma
and injectable platelet-rich fibrin but not so distinct around platelet-rich
fibrin. (Porphyromonas gingivalis) (b) Zones of inhibition observed around
platelet-rich plasma and injectable platelet-rich fibrin but not so distinct
around platelet-rich fibrin (Aggregatibacter actinomycetemcomitans)
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Table 1: Mean values and standard deviations (sd) for the width of zones of inhibition in mm

Organism Mean (SD)
Prp Prf I-prf
Porphyromonas gingivalis 12.9000 (4.06749) 8.8000 (1.03280) 15.2000 (5.57375)

Aggregatibacter actinomycetemcomitans

12.5000 (2.06828)

10.0000 (1.33333) 9.8000 (1.75119)

Table 2: Comparison of the mean widths of the zones of
inhibition using Wilcoxon signed-rank test
PRP - PRF I-PRF - PRP I-PRF - PRF

Organism
Porphyromonas
gingivalis

Z —2.754
0.006

-1.612
0.107

—2.442
Asymptotic 0.015
significance
(two-tailed)
Aggregatibacter
actinomycetemcomitans
z —2.536

0.011

—2.446
0.014

—0.302
Asymptotic 0.763
significance
(two-tailed)
PRP: Platelet-rich plasma; PRF: Platelet-rich fibrin; SD: Standard
deviation

was used for PRP preparation, 3 ml for PRF preparation,
and 3 ml for I-PRF preparation. The remaining 1 ml of
blood was used for determining the platelet count.

For I-PRF preparation, 3 ml of blood was taken into a
blood-collecting tube without any additives and centrifuged
at 700 rpm for 3 min!'” [Figure la].

For PRF preparation, 3 ml of blood was taken into a glass
blood-collecting tube without any additives and centrifuged
at 3000 rpm for 10 min®! [Figure 1b].

For PRP preparation, 3 ml of blood was collected into a
blood-collecting tube containing 3.2% sodium citrate.
First centrifugation was done at 1000 rpm for 13 min.
The top layer of plasma was drawn out and centrifuged
again at 2000 rpm for 10 min. After the centrifugation,
the upper half of the superficial plasma was discarded
and the lower half was used for testing the antimicrobial
activity® [Figure lc].

Agar plates inoculated with  bacterial  strains:
Porphyromonas  gingivalis (ATCC No. 33277) and
Aggregatibacter  actinomycetemcomitans (ATCC  No.

43718) were labeled and divided into three compartments
with the marker on the bottom of the plate for PRP,
PRF, and I-PRF. The preparations obtained were divided
into two parts to be used for the cultures of Pg and Aa
separately [Figure 2]. The plates were then incubated at a
temperature of 37°C for 24 h in anaerobic environment.

The antimicrobial efficacy was, then, analyzed by
measuring the clear zone of inhibition around the
samples.
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Results

After 24 hours of incubation clear zones of inhibition were
observed around the platelet concentrates [Figure 3]. The
mean widths for the zones of inhibition for PRP, PRF, and
[-PRF on the agar plates inoculated with Pg and Aa are
listed in Table 1 along with the standard deviations. The
mean width of the zones of inhibition obtained around all the
samples were compared using Wilcoxon signed-rank test, and
the results are shown in Table 2.

In case of Pg, I-PRF had the widest zone of inhibition which
was significantly wider as compared to PRF (P < 0.05).
Furthermore, PRP had significantly wider zone of inhibition
against PRF (P < 0.05). Although I-PRF had a wider zone
of inhibition as compared to PRP, the difference was not
statistically significant.

In case of Aa, PRP had a significantly wider zone of
inhibition as compared to that of PRF and I-PRF (P < 0.05).
PRF and I-PRF did not show any statistically significant
difference between the widths of their zones of inhibition.

Discussion

Platelet concentrates are increasingly being used in
periodontal surgeries, particularly because of their
regenerative potential. Platelets play a vital role in wound
healing. They release growth factors such as platelet-derived
growth factor, transforming growth factor (TGF-), vascular
endothelial growth factor, epidermal growth factor, and
insulin-like growth factor on activation. Platelets provide
matrix for connective tissue by secreting fibrin, fibronectin,
and vitronectin, which also help in cell migration. In this
way, platelets play an important role in proliferation of
cells, synthesis of collagen, and formation of osteoid.!*
Hence, over the years, various techniques were developed
for the platelet concentrates.

The platelet concentrates being autologous minimize the
chances of infection and development of antibodies, but
in PRP preparation, usually, thrombin and calcium are
required which can lead to the development of antibodies
against the clotting factors V and XI and thrombin. This
can adversely affect the coagulation process and also
lead to an immune reaction. PRF, on the other hand, is
the second-generation platelet concentrate introduced by
Choukron (2001), which does not involve any use of bovine
thrombin or anticoagulant, considerably reducing the
biochemical handling of blood as well as risks associated
with the use of any additives. In PRF, fibrinogen slowly and
naturally gets polymerized to fibrin using the thrombin that
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is physiologically available and thereby forms architecture
that helps in wound healing and prevents the proteolysis
of growth factors. PRF also helps in microvascularization,
thus helping in cell migration.? The fibrin matrix of PRF
contains a large quantity of platelet and leukocyte cytokines
and they are progressively released over time (7-11 days)
as the fibrin network disintegrates.

I-PRF is based on the similar concept as PRF, but is
available in an injectable form. This injectable PRF has
the advantage that it can be used alone or in combination
with other biomaterials easily. It is proposed to contain
a higher number of regenerative cells and a higher
concentration of growth factors because of the slower and
shorter centrifugation spin.?”’ Furthermore, it has been
observed that I-PRF forms a small clot because of its fibrin
components which behaves as a dynamic gel-containing
cells and releases additional growth factors even beyond
10 days. PRP, however, dissolves by that time.['®

As far as the antimicrobial efficacy of platelet concentrates
is concerned, there are few studies in which PRP and
PRF have been tested for their antimicrobial efficacy.
Yang et al. in 2015 compared the antimicrobial activity of
four plasma fractions, that is, PRP, platelet-poor plasma,
platelet-depleted plasma, and PRF against Pg, Aa, and
Fusobacterium nucleatum and found that PRP had the
highest antibacterial activity.”® Badade er al. in 2016
studied the antimicrobial efficacy of PRP and PRF against
Pg and Aa and found that Pg and Aa were only inhibited
by PRP and not by PRF.?* However, in our study, we
found that antibacterial activity was seen with both PRP
and PRF though the zone of inhibition was significantly
wider with PRP. Joshi et al. also carried out a study in
2016 in which PRF demonstrated clear zone of inhibition
against subgingival plaque sample and calorimetric analysis
confirmed the minimum amount of turbidity using PRF.*¥!
Thus, the results obtained in our study are coinciding with
the results in this study, with PEF having at least some
antimicrobial activity. I-PRF, being recently introduced,
is not much explored for its antibacterial activity
except for one study by Karde et al. in 2017 where the
antibacterial activity of PRP, PRF, and I-PRF was tested
on the supragingival plaque and it was observed that I-PRF
showed a maximum zone of inhibition followed by PRP
and then PRE.®! In our study, in case of Pg, similar results
were found, with I-PRF having the maximum antibacterial
activity followed by PRP, and the least antibacterial
activity was shown by PRF. However, the difference was
insignificant when comparing I-PRF and PRP. Furthermore,
in the case of Aa, PRP showed the maximum antibacterial
activity and PRF and I-PRF did not show any significant
difference.

[I-PRF has no artificial additives. So, the higher
antimicrobial activity with I-PRF in case of Pg could be
purely due to the higher concentration of platelets and
other blood cells such as leukocytes in I-PRF as compared
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to the other platelet concentrates. This can be explained
with the “low-speed concept” by Ghanaati et al. for
blood centrifugation whereby lower centrifugation speeds
were shown to contain higher numbers of cells including
leukocytes before the formation of a fibrin clot.?”? Hence,
the increased number of platelets and cells can be
considered responsible for the higher antimicrobial activity
of I-PRF. PRP also showed antibacterial activity, but it has
the additives such as sodium citrate and calcium chloride
which could have contributed to its antibacterial activity at
least to some extent. Sodium citrate is already known to
have antibacterial activity against Streptococcus pneumonia
and several oral bacteria.”

Aa, on the other hand, was found to have narrower zones
of inhibition for I-PRF as compared to PRP. If we take the
antibacterial activity of sodium citrate into consideration,
it can be said that Aa was quite resistant to the platelets,
leukocytes, and other components of platelet concentrates
that were present in greater quantities in the I-PRF since
the same samples of platelet concentrates divided into
halves were used for both Pg and Aa.

In our study, PRF showed lower antibacterial activity
as compared to the other platelet concentrates and that
may be because of the lower concentration of platelets
and leukocytes in PRF as compared to the other platelet
concentrates. Furthermore, all the platelets and cytokines
that are in higher concentration as compared to the whole
blood are embedded in the autologous fibrin matrix and
would be completely released once the fibrin meshwork
disintegrates.>3!! Hence, observation over a longer time can
be helpful to analyze the antibacterial activity in case of
PRF. Even I-PRF gets transformed into gel state and stays
for a longer time as PRP dissolves away faster. Therefore,
even [-PRF can be observed over a longer period to observe
if it has higher antibacterial extended over a longer period.

As no significant difference was observed between PRP
and I-PRF in case of Pg and PRF and I-PRF in case of
Aa, the study can be conducted on a larger sample size to
confirm if the difference is significant.

The exact component of the platelet concentrates
responsible for the antimicrobial activity has not yet been
established, since in addition to the platelets, there is also
the presence of white blood cells and the plasma. Various
mechanisms have been hypothesized for the antibacterial
effect of platelet concentrates such as generation of oxygen
metabolites, including superoxide, hydrogen peroxide,
and hydroxyl-free radicals; binding, aggregation, and
internalization of microorganisms; and release of an array of
antimicrobial peptides.?®! The direct interaction of platelets
with microorganisms, participation in antibody-dependent
cell cytotoxicity and engulfment by entrapped white blood
cells within PRF, could also result in direct bacterial
killing as proposed by Yeaman. Furthermore, the release of
myeloperoxidase, antigen-specific immune response, and
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activation of the antioxidant responsive elements are the
other mechanisms that have been suggested.*?

The leukocytes that are present in much greater
concentrations along with the platelets in these platelet
concentrates as compared to the whole blood are already
known for their antibacterial activity. Neutrophils exhibit
this action by secreting the myeloperoxidase present in the
granules. Furthermore, monocytes produce the cytokines
and chemotactic factors that participate in inflammation.*
The platelet microbicidal proteins (PMPs) include various
materials such as platelet factor 4, connective tissue
activating peptide 3, thymosin beta-4, platelet basic protein,
and fibrinopeptide B which have an antibacterial activity.
These PMPs could exhibit the antimicrobial activity by
coming in contact with the bacterial membrane, altering
the permeability of the membrane, entering the cell, and
blocking the synthesis of important molecules.

Although the conventional periodontal therapy helps in
considerable reduction in the count of periodontal pathogens
at the infected loci, elevated levels of periodontal pathogens
have been reported few weeks after the therapy. Bacterial
infection can impair wound healing and periodontal
regeneration and so antibiotics are usually prescribed
after the surgery. However, due to increased incidences of
antibiotic resistance, alternative methods are being sought
after and platelet concentrates seem to be a very useful
adjunct. Although their antibacterial activity is limited as
compared to antibiotics, studies need to be done to evaluate
if antibiotic dosage can be reduced in cases the platelet
concentrates are used. [-PRF and PRF which are completely
autologous and do not contain any additives can be preferred
and [-PRF more so because of greater antimicrobial activity.

Conclusion

To our knowledge, this is the first study in which three
platelet concentrates PRP, PRF, and I-PRF have been
compared for their antibacterial activity against Pg and Aa.
Within the limitations of the study, all the three platelet
concentrates showed some amount of antimicrobial activity
and I-PRF and PRP have proved to be powerful weapons
in the battle against periodontal pathogens. This might be
a valuable adjunctive property to the enhancement of tissue
regeneration. However, I-PRF and PRF have an advantage
of being completely autologous without any additives and
anticoagulants and also application of I-PRF is minimally
invasive. Both the PRF and I-PRF need to be analyzed
over a longer period for their antimicrobial activity.

Furthermore, a larger sample size can be analyzed to
establish the correlation between the platelet concentration
and the antibacterial activity if the exact component of
the platelet concentrates responsible for the antibacterial
activity is to be established.

Since there is limited literature available related to this
novel platelet concentrate, that is, I-PRF, further research
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is required to explore its properties of regeneration and
healing.
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