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Objectives: Platelet-rich fibrin (PRF) is widely used in wound healing because it contains several growth
factors, including vascular endothelial growth factor (VEGF). In this study, we investigated the effects of
advanced PRF (A-PRF) in early-stage gingival regeneration after tooth extraction.
Methods: Blood sample was collected from females beagle dogs (age: 12 months) before tooth extraction
for A-PRF preparation. All animals were sacrificed by perfusion-fixation on postoperative days 1, 3, and 7.
The upper jaws were prepared for hematoxylin and eosin staining and immunostaining (for CD34 and
Keywords: VEGF). The lower jaw samples were prepared for scanning electron microscope observations. Blood flow
PRF in the gingiva before and after surgery was measured using laser Doppler flowmetry.
Gingival tissue Results: In the A-PRF group, a large number of microvessels were observed in the gingival tissue on
Regeneration postoperative day 1. The microvessels in the control group were fewer and sparse. Regarding the vascular
VEGF resin cast, a large number of new blood vessels were observed on postoperative day 1 in the A-PRF group.
Micro vasculature A stronger CD34-positive signal was obtained around the blood vessels in the A-PRF group than in the
control group. Further, a strong VEGF-positive signal was observed in the perivascular tissue in the A-PRF
group. Gingival blood flow was significantly higher in the A-PRF group after surgery.
Conclusion: A-PRF had a positive impact on angiogenesis in the gingiva through the induction of VEGF
expression. Thus, A-PRF may be beneficial for gingival tissue regeneration.

© 2021 Japanese Association for Oral Biology. Published by Elsevier B.V. All rights reserved.

1. Introduction

Regenerative medicine is emerging in recent years. Several
techniques have been developed for modern dentistry to accelerate
the regeneration of both hard and soft tissues [1,2]. In general,
regenerative materials can be divided into two, namely, autologous
and non-autologous materials. Ideally, a non-autologous graft for
soft tissue augmentation should promote hemostasis, provide
infection resistance, and favor the formation of granulation tissue,
with low postoperative morbidity and a fast-healing time [2]. Self-

Abbreviations: PRF, Platelet-rich fibrin; VEGF, vascular endothelial growth fac-
tor; A-PRF, advanced-PRF; CGF, concentrated growth factors; H&E, Hematoxylin
and eosin.
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derived regenerative materials are easy to obtain and are thought
to possess no risk of allergies, rejection, and infection [1-3].
Therefore, they are ideal materials for regeneration.

Furthermore, angiogenesis and the formation of newly formed
blood vessels are mandatory to provide the required nutrition,
oxygen, immunological cells, mesenchymal stem cells, and growth
factors, especially in the initial phase of healing [2,4,5]. A growing
body of literature points towards angiogenesis as an essential
physiological process that occurs during the repair and regenera-
tion of damaged bone and soft tissues. The newly formed blood
vessels not only provide nutrients and growth factors but also
function as a delivery route of stem cells and progenitors to the site
of the defect [2,4,6]. However, to date, most studies focus on time
intervals in weeks or months [6,7] and seldom conduct compari-
sons of tissue regeneration within a week.

Platelet-rich fibrin (PRF) is an example of platelet-concentrating
material used in self-regenerative medicine. PRF was developed in
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2006 [8]. PRF fibrin matrix possesses flexibility, elasticity, and
strength. It is composed of thrombin concentrates with equilateral
bonds forming fine and flexible fibrin networks that support
cytokines and cell migration [7—9]. Owing to the widespread use of
PREF, platelet concentrates based on different production processes,
such as advanced-PRF (A-PRF) and concentrated growth factors
(CGF), have been developed [10]. These extensions have their
characteristics and are used in tissue regeneration studies and have
clinical applicability in different fields [11].

In this study, we aimed to investigate the recovery of the
gingival tissue using A-PRF. Dogs were used as experimental ani-
mals. H&E staining and immunostaining were performed to
observe the recovery of the gingival tissue on the first-, third-, and
seventh-day post-surgery. In addition, we used laser Doppler
flowmetry to measure changes in the blood flow rate to the gingival
tissue before and after surgery.

2. Materials and methods
2.1. Animals

A total of six, one-year-old, weighing approximately 10 kg, fe-
male beagle dogs (Oriental Kobo, Tokyo, Japan) were used in this
study. The oral cavity of each dog was checked before surgery [12].

All animal experiments were conducted in compliance with the
protocol, reviewed, and approved by the Institutional Animal
Ethics Committee of Kanagawa Dental University (Permit Number
19-007).

2.2. Preparation of A-PRF

Under general anesthesia administration, blood samples were
collected in 10 mL tubes without anticoagulants. Samples were
centrifuged at 200 xg for 8 min [13]. After discarding the red blood
cell fraction, the remaining A-PRF clots were placed on a dry gauze
to eliminate excess serum and incubated at room temperature for
10 min till clotting.

2.3. Surgery

Two premolars (2nd and 3rd) were extracted bilaterally from
the upper and lower jaws at experimental sites. A-PRF derived from
autologous blood of the animals was placed at the right side of the
dentition in the upper and lower jaws. The contralateral side
without A-PRF (left side) was used as the control. Under general
anesthesia administration, the premolar teeth were extracted along
the gingival margin. Atropine (0.04 mg/kg subcutaneous injection)
was administered as a pre-anesthetic before general anesthesia
administration. Anesthesia induced by the administration of pro-
pofol (6 mg/kg intravenous injection) was maintained using iso-
flurane. After confirming the sufficient efficacy of anesthesia, the
experimental procedure was performed ensuring no pain or
discomfort to the animals. After filling the socket with A-PRF, the
gingival flap was sutured; a similar procedure was performed for
the control.

2.4. Morphological examinations

2.4.1. Hematoxylin and eosin (H&E) staining

Histological observations were performed at one-, three-, and
seven-days post-surgery. All animals were sacrificed by perfusion-
fixation in the upper jaws were resected after reflux fixation (10%
formalin) and immersion-fixed overnight. The samples were
decalcified in 5% hydrochloric acid and embedded in paraffin. They
were cut into 4 um disto—mesial plane sections and stained with
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Hematoxylin and Eosin (H&E) according to the standard procedure
and observed under a light microscope (Olympus Optical, Tokyo,

Japan).

2.4.2. Calculation of blood vessel density

We followed the method described previously by Aung PP
et al. with slight modifications [14]. After observing the surgical
area of gingival tissue under an optical microscope (Olympus
Optical, Tokyo, Japan) at 100x, five areas with dense blood ves-
sels were selected. We observed these five areas at 400x
magnification, then counted the number of blood vessels in each
field of view and calculated this mean value; blood vessels with a
diameter <40 um were recorded [15]. Each group were observed
four times (n = 4).

2.4.3. Electron microscopy examination

After perfusion fixation, the synthetic resin (Mercox; Ladd
Research, Williston, VT, USA) was injected from the inferior alveolar
arteries into the lower jaw. The soft tissues were dissolved in 5%
hypochlorous acid; all specimens were then washed thoroughly
with water and freeze-dried. After ion-coating with platinum-
palladium, the specimens were examined using a scanning elec-
tron microscope (JSM6301F; JEOL, Tokyo, Japan).

2.4.4. Immunohistochemistry

The paraffin-embedded implanted upper jaws of 4 um sections
were used for immunohistochemistry (IHC) analysis. The protocol
as follows: 1) sections were dewaxed, and rehydrated; 2) they were
autoclaved at 120 °C for 5 min in 10 Mm citrate buffer (pH 6); 3)
after washing with PBS, endogenous peroxidase activity was
blocked using 0.3% hydrogen peroxide in methanol; 4) slides were
washed again with PBS and incubated in blocking buffer for 30 min
at room temperature; 5) the primary antibodies used were anti-CD-
34 (EP373Y, abcam, Tokyo, Japan) and anti-VEGF (VEGF; SC-7269,
COSMO BIO CO., Tokyo, Japan) at 1: 200 dilution and incubated
overnight; 6) the slides were washed thrice with PBS for 5 min each
time; 7) polyclonal secondary antibody (Dako, USA) was added to
tissue sections and co-incubated for 60 min; 8) the slides were
washed thrice with wash buffer for 5 min each and the staining
signal was developed by incubating the tissue with Metal Enhanced
DAB Substrate Working Solution (Dako, USA) for 30 min; 9) the
slides were washed for 1 min under tap water, and 10) hematoxylin
staining was performed for 10 s, slides were washed for 5 min with
tap water, and the dye was fixed. Image analysis after IHC staining
was performed by observed using light microscopy (Olympus Op-
tical, Tokyo, Japan).

2.5. Laser-Doppler-blood-flow examination

After administering anesthesia, the gingival blood flow in all
animals was estimated using an LDF meter (TBF-LN1; Unique
Medical Co., Ltd., Tokyo, Japan) with a laser Doppler probe of
2.0 mm of diameter at the roots of the first to fourth molars on
either side of the upper and lower jaws. The recorded gingival
blood flow was analyzed using data analysis software (Chart v 4.2;
AD Instruments, Inc., Colorado Springs, CO, USA). The animals were
re-tested and values were compared at the same location after one-
, three-, and seven days post-surgery. Blood flow measurements
were recorded using a non-contact probe, 2 mm in diameter. Six
peri-gingival buccal and lingual points measurements were taken
and the average values were recorded. Total blood flow in the
marginal and attached gingivae was determined in a cylindrical
area with a diameter and depth of 2 mm.
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2.6. Statistical analysis

All statistical analyses were performed using the GraphPad
Prism software (La Jolla, CA, USA). The data were expressed as
mean + standard deviation and were analyzed using a two-way
analysis of variance followed by Tukey's test for significance.
Statistical significance was considered as P < 0.05.

3. Results
3.1. Morphological observations

3.1.1. Hematoxylin and eosin (H&E) staining

No new blood vessels were observed in the control group on
the first-day post-operation (Fig. 1B), however, in the A-PRF group,
new and multiple blood vessels between the epithelial processes
of the gingivae were observed (Fig. 1C). On the third day post-
operation, capillaries were observed in the gingivae of the con-
trol group animals, but these were less in number as compared to
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the A-PRF group (Fig. 1D). In the A-PRF group, not only were there
many new blood vessels, but the diameter of the blood vessels also
showed an increase (Fig. 1E). On the seventh day, similar to the
findings on the third day, new blood vessels were observed in the
gingivae of the control group animals (Fig. 1F). In the A-PRF group,
as a whole, the structure of gingival tissue was normal, and not
only new blood vessels but also many large-diameter blood vessels
were observed in the gingivae (Fig. 1G). There was no apparent
difference in the tissue repair process between the two groups
after the seventh day.

3.1.2. Density of blood vessels

The statistical results for each area of each group's slices are
shown in Fig. 2. The density in the A-PRF group on the first day
post-surgery was significantly different from that of the control
group; the density in the A-PRF group on the third-day post-sur-
gery was also significantly different from the seventh day in the
control group. The density of blood vessels tended to decrease over
time.

oy

Control

Fig. 1. Hematoxylin-eosin staining in gingival tissue for each group. The observation area shows in A. Histological changes at first, third, and seventh-day post-operation in the

control (B, D, F) and A-PRF groups (C, E, G). Scale bar = 50 pm.
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Fig. 2. The density of blood microvessels in each group. The graph shows the
comparison of the density of blood microvessels in each group at each time point
(n = 4). Two-way (PRF x days) analysis of variance followed by Tukey's test. *P < 0.001.

#P < 0.001, versus the first day in the A-PRF group. ##P < 0.001, versus first day in the
control group.
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3.1.3. Resin cast model observations

The alveolar fossa was filled with thrombus in the control group
on the first day. Capillaries with small diameters were observed
(Fig. 3A). In the A-PRF group, abundant new capillaries were
observed around the epithelium. Thin blood vessels were present
in the superficial layer and flat and large diameter blood vessels

Control
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were present in the deeper layers (Fig. 3B). On the third day, in the
control group, a few thick blood vessels and capillary networks
were observed (Fig. 3C). In the A-PRF group, a dense capillary
network and thick blood vessels were observed along with a clear
two-layered vascular structure (Fig. 3D). On the seventh day, the
gingivae of the control group animals had low blood vessel density
(Fig. 3E), and thick blood vessels were observed in the capillary
network. In the A-PRF group, thick blood vessels were observed in
the superficial capillary network (Fig. 3F).

3.2. Immunohistochemistry

On the first day, less CD34 expression was detected in the
control group (Fig. 4A), while, in the A-PRF group, a strong CD34-
positive signal was detected in the vascular endothelium (Fig. 4B).
On the third day, the control group also showed some CD34
expression, however, it was still scarce as compared to that in the
A-PRF group (Fig. 4C). A-PRF group showed marked expression of
CD34 (Fig. 4D). On the seventh day, less CD34 expression was
detected in the gingival tissue of the control animals (Fig. 4E). In the
A-PRF group, the CD34 expression appeared strong around the
blood vessel wall and in many large blood vessels (Fig. 4F).

On the first day in the control group, VEGF positive signal was
low (Fig. 5A). On the first day in the A-PRF group, the VEGF-positive
signal was strongly evident and almost distributed throughout the
blood vessels (Fig. 5B). On the third day in the control group, VEGF
expression was detected around the blood vessels but was weak as
compared to the A-PRF group (Fig. 5C). In the A-PRF group, similar
to the first day, VEGF expression was observed around the blood
vessels (Fig. 5D). On the seventh day in the control group, the VEGF

Fig. 3. Resin casts of the gingival vascular network in each group. Observation of gingival blood vessels at first, third, and seventh-day post-operation in the control (A, C, E) and

A-PRF groups (B, D, F). Scale bar = 200 pm.
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Fig. 4. Representative images of immunofluorescence analysis for CD34. Immunohistological reactions for CD34 in gingival tissue at first, third, and seventh-day post-operation
in the control (A, C, E) and A-PRF groups (B, D, F). CD34 antigen is calibrated around the blood vessels from the first day and an increase on third- and seventh-day post-surgery was

observed. Scale bar = 10 pm.

signal was absent (Fig. 5E), however, in the A-PRF group, marked
expression of VEGF was seen around the blood vessels (Fig. 5F).

3.3. The laser Doppler flowmetry test

The measurements of laser Doppler flowmetry are shown in
Fig. 6. Blood flow on the first day in the A-PRF group was signifi-
cantly higher than that in the normal gingivae (36.68 + 6.35 mV/
min/100 g vs. 29.22 + 4.46 mV/min/100 g). However, there were no
significant differences between the other groups.

4. Discussion

The findings of this study indicated that A-PRF had an impact on
the regeneration of gingival tissue through the acceleration of
angiogenesis. PRF is widely used for the promotion of the regen-
eration of both soft and hard tissues. Based on modified protocols,
several methods for enriching growth factors have been developed
[2,10,11,16]. These previous studies show that the materials can
accelerate tissue repair in damaged areas [ 16,17]. A-PRF was created
by slight modifications in the production method of PRF [13,17]. A
previous study has reported that A-PRF can release more growth
factors, especially VEGEF, relative to PRF or other blood biomaterials
[16]. As A-PRF has a dense fibrous structure [7,17], it has a harder
texture than PRF which makes it more suitable for fixing it at a
specific position during surgery. Our previous study shows that A-
PRF is effective in alveolar bone regeneration [13]. The present
study clearly indicated that A-PRF had an impact on the regener-
ation of gingival tissue by accelerating the angiogenesis in the early
stage of wound healing.

Combining the histological examination and scanning electron
microscopy results, many microvessels were detected in the
gingival tissue in the A-PRF group, relative to the control group.
Additionally, the results also showed that the density of blood
vessels in the gingival tissue of the A-PRF group was higher than
that in the control group. For the comparison of blood vessel
density, the method used in this study was previously reported in
the determination of the benign and malignant tumors and prog-
nostic evaluation [14,18—20]. The examination of tissue activity
using the density of blood vessels is quite similar to wound healing
as the high density of blood vessels is required in the newly forming
tissue [2,21,22]. Our findings suggested that A-PRF could promote
wound healing in the gingival tissue by inducing its vascularization.

CD34, commonly found in vascular endothelial cells and
mesenchymal stem cells, is an antigen used in the evaluation of
angiogenesis or vascular distribution [18,23]. VEGF increases
endothelial cell proliferation and promotes angiogenesis [24,25].
The amount and distribution of VEGF in the tissues indicate tissue
repair activity [25]. A marked increase in expressions of VEGF and
CD34 proteins was detected in the gingival tissue of the A-PRF
group relative to the control group. Moreover, there was a tendency
for higher expression on the first day as compared to the seventh
day. These findings were in line with our microvessel density ob-
servations using scanning electron microscopy. The wounds are
generated in the operation area post-surgery and the tissues sub-
sequently undergo self-repair [2,7,22]. To carry these series of steps,
the proper functioning of blood vessels, especially the capillaries, is
particularly important [21]. The tissues stimulate some blood ves-
sels through cytokines to increase their permeability, thereby,
completing the movement and function of leukocytes through
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A-PRF

fluorescence analysis for VEGF. Immunohistological reactions for VEGF in gingival tissue at first, third, and seventh-day post-operation

in the control (A, C, E) and A-PRF groups (B, D, F). VEGF antigen is calibrated from the first day, and on the third and seventh days post-surgery, the positive signal strength decreases

relative to that on the first day. Scale bar = 10 pm.

diffusion; simultaneously, there is an exchange of oxygen and other
substances [26]. However, at a higher density of microvessels, the
diffusion efficiency is much higher than in the normal state [27].
Our results showed an increase in the density of microvessels on
the first day in the A-PRF group. As A-PRF is rich in VEGF and other
growth factors related to angiogenesis, after A-PRF filling, we
speculated that a large number of new blood vessels were induced
in the gingival tissue which could promote blood supply to the
sockets.
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Fig. 6. Gingival blood flow estimate by laser Doppler flowmetry. The graph shows a
comparison of the gingival blood flow in each group for each time point (N = 4).
Gingival blood flow was significantly different between the A-PRF group on the first
day (36.68 + 6.35 mV/min/100 g) and before surgery (pre-op; 29.22 + 4.46 mV/min/
100 g). Two-way (PRF x days) analysis of variance followed by Tukey's test. *P < 0.05.

In addition to evaluating tissue regeneration by morphological
examinations, observing the blood flow to the tissue is also an
objective evaluation method [12]. The damaged tissue must be
removed quickly and the new tissue must grow back [2,27]. In
addition, for tissue regeneration, a high blood supply is necessary
[27]. Therefore, the number and density of blood vessels in the
tissue are closely related to the blood flow. Our results showed that
the blood flow in the two groups was higher on the first-day post-
surgery, and the blood flow decreased gradually on the third day
and seventh day, thereafter. Only on the first day in the experi-
mental group, the blood flow was significantly higher than that
before the operation. Collectively, these findings suggested that
A-PRF promoted blood flow by inducing angiogenesis in the
gingival tissue at an early stage of wound healing.

5. Conclusion

In conclusion, the findings indicated that A-PRF could induce the
formation of blood vessels for regeneration of the gingival tissue.
However, from the view point of tissue regeneration, tissue
regeneration cannot be accomplished by the regeneration of blood
vessels alone and requires other cells and growth factors. Future
studies should investigate the involvement of other factors in tissue
regeneration.
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