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ABSTRACT
In this study, a comparative analysis of angiogenic factor levels from Platelet Rich Fibrin (PRF) obtained from titanium
and glass tubes was aimed. Angiotensin-Converting Enzyme (AGE), Interleukin-1a (IL-1a), Platelet-Derived Growth
Factor (PDGF), and Interleukin-4 (IL-4) levels of PRF obtained from rats were determined by ELISA (Enzyme-Linked
ImmunoSorbent Assay). According to the results obtained; AGE values in the Titanium-Platelet-Rich Fibrin (T-PRF)
group were higher than in the control serum group. The mean IL-1a values in the glass tube (G-PRF) group were
statistically higher than the other groups. IL-4 levels were found to be high in the G-PRF and T-PRF groups but were
not significantly significant. PDGF values were higher in the T-PRF group than in other groups. This study, according
to our literature research, is the first study showing the growth factor and cytokine levels in PRFB.
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INTRODUCTION
PRF is a second-generation blood-derived autogenous product and has found widespread use in periodontology and
other dentistry fields [1]. PRF is also used in facial plastic surgery applications (rhinoplasty, depressive scars, facial
volume, acne scars, facial plastic surgery, etc.) [2,3]. It has been shown to contribute to the healing of non-healing
lower extremity wounds, and the repair of joint deformations [4,5]. Glass tubes were used to produce this product developed by Choukroun in 2001 [6,7]. However, in the following years, considering the activating properties of titanium on platelets, titanium tubes, which were developed for the first time by Turkish scientists, came into use [8]. It has
been shown that the fibrin organization and resorption times of PRFs obtained from titanium tubes have advantageous
properties compared to PRFs obtained from glass tubes [8]. PRF functions as a barrier membrane, especially in dental
surgery, as well as contributes to tissue healing through platelet-derived angiogenic biomodulators (Figure 1) [9-12].

Figure 1 Advantages of PRFs obtained from titanium tubes
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Platelet-rich plasma is a blood product used to increase tissue healing [13]. It is obtained by centrifugation to concentrate blood platelets drawn from the individual’s peripheral vein. PRP is divided into subgroups depending on fibrin
and leukocyte content: These; Leukocyte and Platelet Rich Plasma (L-PRP), Plasma Rich Growth Factor (PRGF),
Pure Platelet Rich Plasma (PPRP) [11,13].
Platelets not only prevent blood loss, but also stimulate tissue regeneration, release growth factors and cytokines, triggering angiogenesis and immune response, and increasing collagen synthesis [14]. AGE has an important role in the
physiology of blood vessels and the inflammatory process [15]. AGE exerts pro-inflammatory effects by increasing
the formation of both Reactive Oxygen Species (ROS) and the synthesis of cytokines called interleukins [16]. During
tissue regeneration, PDGF plays a role in both tissue repair and stimulation of cell proliferation as well as extracellular
cell proliferation and differentiation [12,17,18].
Platelets are usually immobile and become active as a result of direct contact with collagen exposed to the bloodstream
after endothelial damage [19]. Activated platelets, PDGF, and bioactive proteins play essential roles in many stages of
hemostasis, including vasoconstriction, leukocyte uptake, and vascular repair [20]. PDGF is produced primarily upon
injury and plays a role in all stages of wound healing PDGF in combination with Interleukin-1 (IL-1) draws neutrophils into the wound area to remove contaminating bacteria [9,12]. IL-1 family is the largest family of interleukins and
IL-1 cytokines induce strong inflammatory responses [21,22].
Platelet-rich fibrin is produced from the patient’s venous blood in a single centrifugation step without the use of additional anticoagulants and at the same time, PRP consists of autologous plasma with a platelet concentration five times
higher than basal level due to an extraction and concentration process [23,24].
They reported that the silica contact of PRF obtained from glass tubes with silica activator is unavoidable and these
particles can reach the patient when the product is used for treatment [4].
In a study by the team that developed T-PRF with their titanium tube discoveries, they showed that silica particles were
observed in G-PRF while not in T-PRF [25].
They demonstrated that T-PRF gives better results in bone healing and soft tissue compared to PRF obtained with glass
tubes and that T-PRF can induce new bone formation with new connective tissue in a rabbit wound healing model
within 30 days of treatment [8].
This study aims to quantitatively compare the PRF obtained from newly used titanium tubes and the PRF obtained
from glass tubes and Angiogenic Biomodulators (AG, PDGF, IL-1a, IL-4) obtained from glass tubes with the ELISA
method.
MATERIALS AND METHODS
The study was carried out by obtaining the permission certificate number 25330273-929-E.1700151764 from Ataturk
University Experimental Animals Ethics Committee. A total of 27 rats weighing 220 g-260 g, aged 12-14 weeks old
were used in this study. The animals were obtained from Ataturk University Animal Laboratory (Erzurum, Turkey).
AGE, PDGF, IL-1a, and IL-4 ELISA kits were purchased from Biocompare company. Biotech, Epoch Microplate
Spectrophotometer device was used for ELISA analysis.
Sample Preparation
To generate PRF, 12 ml of blood from each rat were divided into three groups of 4 ml. Rats are anesthetized using
Thiopental sodium. After the rats were put to sleep, the thorax of each rat was opened and 12 ml of blood was taken
directly from their hearts with a 20 ml injector. Then the blood obtained was transferred to a 4 ml glass tube, 4 ml
titanium tube, and 4 ml biochemistry tube for serum recovery. The blood in glass and titanium tubes was immediately
centrifuged at 3000 rpm and the blood in biochemistry tubes at 3500 rpm for 10 minutes. PRFs obtained in glass and
titanium tubes and serums obtained in biochemistry tubes were transferred to microcentrifuge tubes (Figure 2). IL-1a,
IL-4, AGE, and PDGF levels were determined from all samples by performing the procedures defined by the manufacturer by the ELISA method.
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Figure 2 G-PRF, T-PRF, and serum recovery

Statistical Analysis
The data were analyzed using SPSS version 18 statistical software (SPSS Inc., Chicago, IL, USA). Paired t-test and
t-test were used to compare continuous variables. Values of p<0.05 were considered statistically significant.
RESULT AND DISCUSSION
When the AGE results of our study were evaluated; AGE values were found to be significantly higher in the T-PRF
group compared to the control serum group (p<0.05), but no difference was observed between the other groups
(p>0.05). As a result, the high AGE value in the titanium tube we found makes sense when we consider that AGE has
an important role in the inflammatory process and plays a role in platelet activation.
PRF is a biological material that has been used routinely in many areas. However, there has not been a large-scale
study on acquisition techniques in the literature. This study is the first study investigating growth factor and cytokine
levels in PRFs obtained in glass and titanium tubes.
Biological materials with anti-inflammatory effects and rich in growth factor play an important role in periodontal operations [26]. In periodontal treatment, T-PRF is more successful in periodontal healing than traditional methods [27].
In Figure 3, AGE values were found to be significantly higher in the T-PRF group compared to the control serum group
(p<0.05), but there was no difference when compared with the other groups (p>0.05).

Figure 3 ACE values in glass, titanium, and serum groups

In Figure 4, when IL-1a is evaluated; the mean IL-1a values in the G-PRF group were statistically significantly higher
than the other groups (p<0.05). Although the data in the T-PRF group increased compared to the data in the control
group, this was not statistically significant (p>0.05).
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Figure 4 IL-1a values in glass, titanium, and serum groups

In Figure 5; IL-4 values were found to be high in G-PRF and T-PRF groups, but were not statistically significant
(p>0.05). Although IL-4 level was higher in the T-PRF group compared to G-PRF, no statistically significant difference was found (p>0.05).

Figure 5 IL-4 values in glass, titanium, and serum groups

In Figure 6; PDGF values were significantly higher in the T-PRF group compared to other groups (p<0.05). However,
PDGF values in G-PRF were found to be similar to the values in control serum (p>0.05).

Figure 6 PDGF values in glass, titanium, and serum groups
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M. Tunali, et al. showed that titanium tubes are more effective than glass tubes in activating platelets and that T-PRF
provides a tighter fibrin network structure than silica in platelet activation [25].
When IL-1a is evaluated; the mean IL-1a values in the G-PRF group were statistically significantly higher than the
other groups (p<0.05). Although an increase was observed in the T-PRF group compared to the control group, this was
not statistically significant (p>0.05).
Platelet α-granules contain a variety of pro-and anti-angiogenic proteins [28]. Platelet-Derived Growth Factor (PDGF),
Hepatocyte Growth Factor (HGF), Epidermal Growth Factor (EGF), Vascular Endothelial Growth Factor (VEGF),
Fibroblast Growth Factor (FGF), and Insulin-like Growth Factor (IGF) growth stored in platelet α-granules are among
the factors. These angiogenic activators collectively contribute to vascular wall permeability, participation, proliferation, and growth of endothelial cells and fibroblasts [29]. In our study, the values of PDGF, one of these growth factors, were significantly higher in the T-PRF group compared to the other groups (p<0.05). However, PDGF values in
G-PRF were found to be similar to the values in control serum (p>0.05). Composed of numerous growth factors and
cytokines, PRF is a platelet concentrate that can promote tissue regeneration and repair [30]. J.Kim, et al. showed that
the mechanism by which PRF stimulates bone healing may be that platelets are involved in the early diagnosis of bone
disease and initiate the repair response by releasing PDGF, Insulin-like Growth Factors (IGF) [31]. In our study, it is a
very significant data that PDGF, which has important contributions to periodontal healing, has higher values in T-PRF
than the PRF obtained in a glass tube.
The level of IL-4, which is an anti-inflammatory cytokine, was also higher in the T-PRF group, although it was not statistically important (p>0.05). The primary role of IL-4 in inflammation is to support healing, and the presence of this
cytokine is sufficient to initiate angiogenesis [32]. Jubert, et al. reported that PRP reduced pain and led to a more effective and lasting functional improvement compared to the placebo substance [33]. The surface of the titanium tubes
is often covered by TiOx and/or TiO2 layers [34]. The effect of titanium tubes on the growth factor is the presence of
nanobubbles. One of the factors regarding the tubes having different materials is their hydrophilicity/hydrophobicity
[35].
CONCLUSION
According to the results, it has been observed that T-PRF has higher levels of growth factor and cytokine compared to
G-PRF and can contribute to periodontal healing. In addition, considering that T-PRF increases bone structure and accelerates healing, it becomes clear that this study is of great importance. When the results of the studies in the literature
are evaluated, it is predicted that T-PRF can be used as an advantageous method, especially in surgical applications,
in terms of both easy obtaining and low cost. According to our literature research, this study is the first study to show
growth factors and cytokine levels in PRFs. We think that our study will guide new studies on T-PRF where other
growth factors and cytokines will be compared to create a standard protocol in the future.
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