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Abstract. This study aimed to compare the antimicrobial activity of injectable
platelet-rich fibrin (i-PRF) obtained from subjects with or without periodontal dis-
eases against two pathogenic bacteria, Aggregatibacter actinomycetemcomitans
(Aa) andPorphyromonas gingivalis (Pg). I-PRFwas prepared from blood samples
of 60 individuals, including healthy subjects (n = 20), patients with gingivitis (n
= 20), and patients with periodontitis (n= 20). The in vitro antibacterial effect of
this platelet concentrate was evaluated using the agar diffusion test, a minimum
inhibitory concentration (MIC) assay, and an antibacterial adhesion experiment. I-
PRF exhibited a significantly better antibacterial effect against Pg than Aa within
the periodontitis group, with a more expansive zone of inhibition and a lower
MIC. Among the studied groups, i-PRF collected from the periodontitis group
inhibited Aa and Pg significantly more in the agar diffusion test and had a lower
MIC than i-PRF collected from the gingivitis and healthy groups. Although i-PRF
reduced the adhesion of Aa and Pg and thus their ability to form a biofilm, the
difference between groups of patients and the two pathogens was not significant.
In conclusion, i-PRF exhibited an antibacterial effect against Aa and Pg in the
zone of inhibition, MIC, and biofilm formation inhibition tests. However, in the
periodontitis groups, i-PRF exhibited better antibacterial activity against Pg than
Aa.
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1 Introduction

The result of the host’s immune responses and the biofilm formed bymicrobial networks
in the periodontal tissue is a periodontal infection, which causes ongoing destruction
of the periodontal complex. Bacterial plaque, primarily Gram-negative species such as
Aggregatibacter actinomycetemcomitans (Aa) and Porphyromonas gingivalis (Pg), is
the root cause of periodontitis and gum disease [1]. Additionally, periodontitis alters
the body’s immune system and may be related to a number of systemic disorders [2].
Blood indicators have been used in numerous studies to indicate differences in the
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body’s inflammatory response between patients with periodontal disease and those who
are healthy [3]. According to Nicu (2009), leukocytes and platelets may be respon-
sive to activation by periodontal pathogens [4]. The gold standard for treating these
inflammatory conditions in the history has been to remove the bacterial biofilm utilizing
non-surgical and surgical debridement along with an antimicrobial chemical agent to get
rid of all pathogens and encourage the healing of any lesions. In addition to the above,
there is a new trend in using natural agents, particularly biocompatible materials, in the
regeneration of periodontal tissues.

Platelet concentrates (PCs) have gradually becomemore popular in dentistry over the
past ten years because of regenerative therapy. Among the several platelet concentrates,
platelet-rich fibrin (PRF) has the broadest range of dental applications [5]. Choukroun
et al. [6] coined the phrase “platelet-rich fibrin”, referring to a type of autologous platelet
concentratewithout thrombin or anticoagulants. Recent systematic reviews have outlined
PRF’s impacts and shown that it exerts a long-term effect on tissue-wound healing [5,
7]. Leukocytes, the host immunological defence cells that may fight infection, may be
the source of PRF’s effects [8]. When PRF was created using a high centrifugation rate
approach, a fibrin clot might form and serve as a three-dimensional structure for the
further bone and gingival tissue repair [9]. Advanced PRF (A-PRF) [10] and injectable
PRF (i-PRF) [11] were developed in 2014 and 2015, respectively, by altering the spin
centrifugation forces. I-PRF boosts the leukocyte count and further stimulates growth
factor release, similar to conventional PRF [11]. However, only a single study [12] has
examined the release of growth factor of i-PRF, and only a small number of studies have
investigated the antibacterial action of this novel material [13–15]. In addition, to our
knowledge, few studies have contrasted the antibacterial effectiveness of this autolo-
gous material derived from individuals with healthy gums, gingivitis, and periodontitis,
against periodontal infections since most of the research about PRFs has used blood
collected from healthy people. It is therefore not known whether or not i-PRF from
healthy, gingivitis, and periodontitis patients has different antibacterial activity in vitro.
Another unknown is whether i-PRF has different inhibitory effects against Aa and Pg.
Eagle (2021) also raised questions about the variation in the antibacterial impact of PRF
depending on the features of the patient’s blood [7]. Our research, therefore, concen-
trated on the in-vitro antibacterial activity of i-PRF derived from different individuals
against the periodontal pathogens Aa and Pg.

2 Methodology

2.1 Subjects Selection and PRF Preparation

After receiving their informed consent, 60 participants between the ages of 20 and 65
were divided into a healthy group, a gingivitis group, and a periodontitis group. The
healthy group (n= 20) consisted of people with normal periodontal and systemic health
(sulcus depth 3 mm, no edema, and no BOP hemorrhage). Patients with severe gingival
inflammation (BOP > 50%) were included in the gingivitis group (n = 20). According
to the recent Classification of Periodontal and Peri-Implant Diseases and Conditions, the
periodontitis group (n= 20) consisted of patients with stage III or stage IV periodontitis
[16]. The ethics committee of the Hospital of Odonto-Stomatology in Ho Chi Minh
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City, Vietnam, gave its approval to all the methods used in this study (reference number:
536/BVRHM).

Blood samples were centrifuged for three minutes at 700 rpm (60 x g) to create
the i-PRF with the Dou Quattro Choukroun PRF system (PROCESS for PRF ®, Nice,
France). Following Miron’s method, the increased platelet and leukocyte part (0.3–
0.5 mL, immediately above the red blood cell layer) was obtained as i–PRF liquid and
employed in investigations immediately [17].

2.2 Bacterial Sample Preparation

The bacterial strains of Aa and Pg employed in this research were initially identified in
samples of subgingival plaque taken from people with periodontitis [18, 19]. The bacte-
rial solution was initially added to Petri dishes containing Wilkins-Chalgren anaerobic
agar (Oxoid Ltd., United Kingdom) and supplemented with fetal bovine serum (F7524,
Sigma-Aldrich, United States) for Aa and 5% sheep blood (NamKhoa Biotek, Vietnam)
for Pg. Then, these dishes were incubated anaerobically at 37 °C for 5–7 days. After
that, 5 mL of culture media was combined with the bacterial biomass until the turbidity
reached 0.5 McFarland units. Finally, the antimicrobial assays were carried out using
the technique outlined by Yang et al. [20].

2.3 Agar Diffusion Test

Five hundred microliters of Pg and Aa (1× 106 CFUmL-1) were cultured on blood agar
petri dishes for the agar diffusion test. A tip was used to aseptically puncture several
6–8 mm-diameter holes, which were then filled with 50 µL of i-PRF. The samples
were incubated anaerobically at 37 °C for 24 h. As a positive control, chlorhexidine
0.2% (Sigma-Aldrich, United States) was used. After 24 h, the zone of inhibition was
evaluated using ImageJ software (National Institute of Health, United States).

2.4 Minimum Inhibitory Concentration (MIC) Assay

In 24-well plates, different amounts of i-PRF (50, 100, 200, and 400 µL) were added.
Following this, each well received 50 µL of bacterial solution (1× 106 CFU mL-1) and
the plates were incubated anaerobically at 37 °C for 24 h. The positive control was CHX
0.2%, whereas the negative control was pure culture media. The addition of 50 µL of
resazurin 0.015% to each well after 24 h allowed for the measurement of the MIC based
on the resazurin’s color shift.

2.5 Antibiofilm Formation or Anti-adhesion Assay

Bacteriawere grown overnight in anaerobic culture. The bacterial solution and 200µLof
40% i-PRF were put into sterile polystyrene test tubes. Parallel cultures were carried out
in control tubes that contained culture media. Twenty-four hours were spent incubating
the tubes at 37 °C. The solution was then taken out and given two PBS washes. After
15 min of methanol fixation, the tubes were blow-dried. After 5 min of staining with a
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0.1% crystal violet solution, they were washed with distilled water. After allowing the
test tubes to dry, 200 µL of ethanol was poured into each one. A spectrophotometer was
used to measure the absorbance at 610 nm. The percentage of adherent bacteria in the
i-PRF sample was calculated relative to the control tubes. The experiment was repeated
at least three times with similar results.

2.6 Statistical Analysis

The results of each experiment were carried out in triplicate and are shown as mean ±
standard deviation (SD). SPSS v.20 software was used for all statistical analyses (IBM
Ltd., Tokyo, Japan). To determine statistical significance, one-way analysis of variance
(ANOVA) and the independent-samples T-test were used. At P 0.05, statistics were
declared significant.

3 Results

Table 1 shows the zone of inhibition against Pg and Aa that was created by i-PRF
collected from each patient groups. Compared to the positive control (CHX 0.2%), the
platelet concentrate exhibited smaller inhibition zones. In each group, i-PRF produced a
more expansive zone of inhibition on Pg than Aa plates. The zone of inhibition created
by i-PRF in the periodontitis group was considerably larger when comparing the groups,
accompanied by the gingivitis group and the healthy group.

According to the amount of i-PRF present in each well, the MIC values for i-PRF
against Aa and Pg are provided (Table 2). The healthy group had the highest average
MIC of i-PRF for both Aa and Pg (0.35 ± 0.09 for Aa and 0.28 ± 0.14 for Pg). These
values were significantly higher than in the gingivitis group (0.28± 0.13 for Aa and 0.23
± 0.09 for Pg) and the periodontitis group (0.26 ± 0.09 for Aa and 0.18 ± 0.07 for Pg)
(p < 0.01). The MIC against Aa was substantially greater than the MIC against Pg in
the healthy and periodontitis groups when the MIC values in each group were compared
(p = 0.01 in the healthy group and p = 0.02 in the periodontitis group).

Table 1. Agar diffusion test: The area of two bacteria-free zones (mm2) under the influence of
i-PRF from the three patient groups.

Group Zone of inhibition (mm2)

Positive control (CHX) Aa Pg p1

Healthy 128.43 (10.25) 70.05 (7.34) 76.92 (15.16) 0.46

Gingivitis 127.15 (12.26) 77.45 (9.70) 87.72 (12.87) 0.13

Periodontitis 131.60 (8.14) 83.33 (8.62) 126.02 (17.04) 0.02

p2 0.59 0.009

Data are presented as mean (SD); p1: differences between Aa and Pg, using independent-samples
T-test; p2: differences among the patient groups, using one-way ANOVA.
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Table 2. Minimum inhibition concentration assay: Mean of minimum inhibitory concentration
(%) of i-PRF against Pg and Aa among three patient groups.

Group Aa Pg p1

Healthy 35 (9) 28 (14) 0.01

Gingivitis 28 (13) 23 (9) 0.17

Periodontitis 26 (9) 18 (7) 0.02

p2 <0.01 <0.01

Data are presented as mean (SD); p1: differences between Aa and Pg, using independent-samples
T-test; p2: differences among the patient groups, using one-way ANOVA.

Table 3. Anti-adhesion assay: The percentage reduction in bacterial number (%) compared to the
control under the influence of i-PRF from the three patient groups.

Group Aa Pg p1

Healthy 32 (9) 45 (10) 0.49

Gingivitis 41 (11) 47 (10) 0.27

Periodontitis 46 (9) 49 (8) 0.41

p2 0.34 0.96

Data are presented as mean (SD); p1: differences between Aa and Pg, using independent-samples
T-test; p2: differences among the patient groups, using one-way ANOVA.

Table 3 displays the inhibition of planktonic Aa and Pg adherence to the bottom
of microplate wells by i-PRF obtained from various patient groups. The data are pre-
sented as the mean percentage difference relative to the mean of the control ± SD.
I-PRF showed adhesion-inhibiting effects against Aa and Pg. Although Pg was more
significantly impacted by this type of platelet concentrate than Aa, the result was not
statistically significant. Likewise, when comparing the impact of i-PRF from the three
patient groups, the differences were not statistically significant, either for Aa or Pg
(Figs. 1 and 2).

4 Discussion

Although platelet concentrates have been the subject of studies exploring their antibac-
terial efficacy, little is documented about the novel modified i-PRF. In the current investi-
gation, we used the agar diffusion test,MIC assay, and anti-adhesion capacity to examine
the impact of i-PRF against Aa and Pg. All antimicrobial assay results in our investi-
gation showed that i-PRF significantly inhibited Aa and Pg. Additionally, this is one of
a select few studies that focused on the effects of i-PRF collected from various patient
groups, as opposed to previous studies that contrasted the impact of various platelet
concentrates from healthy patients.
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Fig. 1. The i-PRF process from sample blood

Fig. 2. The agar diffusion of i-PRF on Pg (left) and Aa (right)

In each group, i-PRF created a zone of inhibition on Pg and Aa plates in the agar
diffusion test, but the area of inhibition was greater against Pg (Table 1). This outcome
is comparable to that of Karde et al. [12]. They investigated the antibacterial activity of
PRP, PRF, and i-PRF against supragingival plaque and discovered that i-PRF displayed
the largest zone of inhibition, followed by PRP and PRF [12]. In the study by Kour and
colleagues [13], i-PRF was the most effective antibacterial agent against Pg, followed
by PRP and PRF, but it did not affect Aa [13]. On the other hand, prior to these studies
and using the first generation of PRF, Badade et al. hypothesized that PRF does not have
an antibacterial effect against Aa [21]. Similar to Castro et al. [15], who independently
assessed the antibacterial activity of the membrane and PRF extract after 72 h of anaer-
obic incubation and measured the zone of inhibition around the membrane and exudate
of the PRF, came to the conclusion that neither of the components was Aa resistant.

In our study, the periodontitis group had a much larger inhibition area. The peri-
odontitis group’s platelet products consistently had a lower MIC than those of the other
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groups. The typical MIC value of the i-PRF was 26–35% for Aa and 18–28% for Pg,
according to Table 2. In a previous study, Jasmine et al. found that the MIC of i-PRF
against Staphylococcus epidermis, Staphylococcus aureus, Staphylococcus epidermis,
and Staphylococcus epidermis was 16%, 16%, 16%, and 8%, respectively [14]. These
gram-positive microorganisms lack an exterior lipid membrane, which may make them
more susceptible to antibacterial medicines. Gram-negative organisms on the outer layer,
such asAa andPg, are primarily responsible for resistance to several antimicrobials, such
as lactams, quinolones, colistin, and other bactericidal drugs. The majority of biocides
should pass through the outer layer to reach their target. As a result, the obstruction
may result from any alteration of the outer layer caused by bacteria, such as a change in
hydrophobicity or the porin channel. [14]. According to the MIC data (Table 2), i-PRF
was able to inhibit Pgmore effectively than Aa. The periodontitis group’s i-PRF had the
lowest MIC. In addition, i-PRF from patients with periodontitis and the healthy groups
had more substantial antibacterial activity against Pg than Aa (P< 0.05). The difference
was insignificant in the gingivitis group.

Unlike other platelet concentrates, i-PRF does not contain any intentionally added
substances. Therefore, the greater convergence of platelets and other blood components
like leukocytes may be the cause of the higher antibacterial impact of i-PRF. The “low-
speed concept” for blood centrifugation proposed byGhanaati et al. [10] can explain this.
Before a fibrin clot forms, lower centrifugation speeds were shown to hold more cells,
including leukocytes, than the original PRF procedure [10]. Consequently, it is possible
to attribute the increased antimicrobial mobility of i-PRF to the increased quantity of
platelets and cells. Tohidnezhad et al. [22] characterized platelet concentrates as dynamic
against Escherichia coli and Proteus mirabilis, owing to fibrin, fibronectin, platelets,
and the incorporation of white platelets [22], which were presented in i-PRF [23]. The
wide range of antibacterial and antibiofilm activities of i-PRF is probably mediated by
proteins, including lactoferrin, defensins, heparin-restricting protein, cathelicidins, and
phospholipase A2. [24]. The structure of this substance may also play a role in the
distinctive effect of i-PRF. Jasmine [25] reported that i-PRF and L-PRF had different
fibrin ratios and that i-PRF had a smoother surface than L-PRF. It has been shown that I-
PRF containsmany nanopores of various sizes and shapes, which encourage cell survival
and differentiation. The invasion of pathogens and immune cells can be stopped by the
small size of nanopores [25].

For most oral pathogenic species, the ability of bacteria to adhere is thought to be
one of their primary destructive characteristics [26]. It has been shown that the con-
nection between microorganisms on a surface and the substrate significantly impact the
pathophysiology of contaminants related to wound healing. According to Table 3, i-PRF
can inhibit the microcolony formation by preventing Aa and Pg from adhering to the
plastic plate surface. Róalski claimed that applying i-PRF to lessen the quantity of adher-
ent microorganisms may lessen oral contaminants’ movement and toxicity and improve
the treatment’s outcome [27]. Rodriguez Sánchez [28] came to the same conclusion:
L-PRF exudate showed an antibacterial action against Pg in planktonic cultures. [28].
Resistance to adhesion can develop in bacteria that have been attached, coagulated, and
rendered inactive, preventing them from adhering to the plate’s bottom, or by antimi-
crobial peptides found in platelets that can block adhesion [27]. Aa and Pg join forces
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with other bacteria to cling to tooth surfaces and periodontal tissue [29]. As a result, Aa
and Pg’s potential to adhere may be less than it is in an oral context when examined
individually.

This study found that the periodontitis groups, preceded by the gingivitis and healthy
groups, had the greatest anti-adhesion impact (Table 3). Although the difference was
not statistically significant, this result led to the speculation that platelet concentrates
taken from patients with periodontitis may exhibit a higher antibacterial effect from
those from the other group. Many authors have emphasized the differences between
healthy and periodontitis blood indices. According to Monteiro [30] and Buhlin [31],
patients with periodontitis exhibited higher WBC and C-responsive protein levels than
controls.Aboost in plasmafibrinogen andplatelet initiation has also been associatedwith
periodontitis, which may assist in keeping a coagulant state and, as a result, increase
the risk of atherosclerosis and cardiovascular diseases [32, 33]. Periodontitis therapy
may help treat atherosclerosis, according to D’Aiuto et al. [34], who demonstrated that
complete control of periodontitis reduces serum arbiters and markers of severe stage
reactivity [34]. Furthermore, parameters like the ratio of antibodies in the plasma sample
[35], plasma oxidizing capacity, and plasma white blood cell count have been compared
between periodontitis patients and healthy individuals [36]. Between these groups, these
variables did not, however, show any statistically significant differences.

The platelet concentration in the PRF varies from patient to patient, as do the size
and makeup of the platelets, particularly the alpha particles that contain growth factors
and antimicrobial peptides. Age differences also affect platelet density, which affects
how uniformly platelet-rich plasma works. Changes in the blood sample makeup may
have impacted the quality of the i-PRF in our investigation. The limited scope of this
study prevented us from identifying any appreciable differences in anti-adhesion impact
between Aa and Pg. Models of treated and simulated dental surfaces could be employed
in this assay in further studies.

In conclusion, within the limits of this study, i-PRF exhibited explicit antibacterial
activity against both periodontal pathogens.Additionally, i-PRFgathered fromperiodon-
titis patients appeared to have a greater impact than that of other groups. In addition,
i-PRF inhibited Pg better than Aa in all three in vitro assays. However, more studies are
needed to confirm the antimicrobial effects of i-PRF against other periodontal species
in different patient groups.
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