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Abstract 
<Objective> Platelet-rich plasma (PRP) has been used as a therapeutic tool to 
promote wound healing, in orthopedics, dermatology, oral surgery, etc. How-
ever, the mechanisms underlying the wound healing effects of PRP remain 
unclear. The purpose of this study was to evaluate the effectiveness of apply-
ing PRP, particularly in the management of tooth extraction sockets. <Mate-
rials and Methods> Three upper molars of Fischer rats were extracted, and 
blood was drawn from the hearts of other rats to prepare PRP. The PRP was 
activated and applied to the bone defects of the experimental group, and 
nothing was applied to the bone defects of the control group. <Results> On 
day 3, fibrin network and granulation tissue, which are abundant in blood ca-
pillaries, were seen under the PRP layer in the experimental group. On the 
other hand, only inflammatory cells and a fibrin network were observed in the 
bone defects of the control group. On day 7, granulation tissue was seen in the 
bone defects in both the control group and experimental group, although ex-
cavation of granulation tissue was noted in the control group. <Conclusions> 
The results demonstrated the presence of a rich fibrin network and early in-
flammatory reactions in the experimental group, which may lead to rise of 
thick, vessel-rich granulation tissue. The application of PRP may stimulate 
wound healing in tooth extraction bone defects, and PRP may confer some 
beneficial effects on the outcomes. 
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1. Introduction 

Platelet-rich plasma (PRP) is an autologous preparation of platelets in concen-
trated plasma. It has been reported that a number of growth factors, have been 
sequestered from platelets [1] [2]. These growth factors include platelet-derived 
growth factors (PDGF), transforming growth factor beta (TGF-β), vascular en-
dothelial growth factor (VEGF), epithelial growth factor (EGF), etc. As these 
growth factors promote wound healing [3], PRP has been used as a therapeutic 
tool, although the mechanisms underlying these wound healing effects remain 
unclear. Mariano et al. describes that Autologous PRP accelerates alveolar bone 
generation after tooth extraction [4], while Mooren et al. describe that early and 
late bone healing was not enhanced when PRP was used [5]. At the point of oral 
mucosa, Powell et al. told that PRP did not enhance gingival wound healing as 
measured by flap strength, nor did it alter the histologic appearance of the tissue 
compared to sites not treated with PRP [6]. The purpose of this study is to eva-
luate the effectiveness of applying PRP in the management of tooth extraction 
sockets determined by histological and immune histochemical examination. 

2. Materials and Methods 

10-week-old male Fisher rats were used for this study (200 - 220 g in weight), 
and the animals were breed following a protocol approved by the Center of Bio-
resources, Niigata University. The experiment protocol was inspected by the 
Ethics Committee of the Center of Bioresources, and obtained permission. 

2.1. Preparation of PRP 

The animals for preparing PRP were anesthetized using sevoflurane inhalation 
anesthesia and the intraperitoneal administration of chloral hydrate. Heart 
puncture with an 18-G needle and exsanguination were performed, and blood 
was collected into tubes containing ACDA. The tubes were centrifuged at 450 G 
for 10 minutes. After the first spin, the serum, buffy coat and red cells located 2 
mm under the buffy coat were aspirated, collected into another tube and centri-
fuged at 850 G for 15 minutes at room temperature. The PRP was collected at 
the bottom of the second tube, and blood count was done before activation. The 
activator liquid was made in another tube with 5000 U bovine thrombin and 0.5 
cc of 1 mEq/ml calcium chloride mixture. The activator liquid was added to col-
lected PRP. The ratio of PRP to activator liquid was 10:1. This protocol was in 
accordance with Marx et al. [1]. 

2.2. Preparation of Bone Defect and Application of PRP 

All three upper molars of the other rats were extracted, and the bone between 
the molars was removed with a round bur 1 mm in diameter, to create a bone 
defect measuring approximately 1 × 1 × 3 mm in size. 0.8 ml of activated PRP 
was applied to the each bone defects in the experimental group, while nothing 
was applied to the bone defects in the control group (Figure 1). 
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Figure 1. Scheme of study model. All three upper molars of the 
rats were extracted, and the bone between the molars was re-
moved with a round bur to create a bone defect measuring ap-
proximately 1 × 1 × 3 mm in size. Activated PRP was applied to 
the bone defects in the experimental group, nothing was applied 
to the bone defects in the control group. 

2.3. Histological and Immunohistochemical Analysis 

The rats were euthanized on days 1, 3, 5 and 7. The specimens were fixed with 
20% buffered formalin and decalcified with EDTA. Serial sections measuring 7 
µm in diameter were obtained and stained with hematoxylin and eosin. The sec-
tions were also studied immunohistochemically using type IV collagen in order 
to visualize the small vessels. Elastica van Gieson stain was also performed to 
investigate elastic fibers. 

3. Results 

The blood counts of the whole blood and PRP is shown in Table 1. Platelet 
count of whole blood was 35.6 × 104/mm3, which was 230.0 × 104/mm3 in PRP. 
These results showed that the platelets were concentrated approximately 6.5 
times compared to the whole blood in the PRP. 

On macroscopic findings, no significant differences were observed between 
the experimental and control groups on days 1 and 3. On day 5, granulation tis-
sues were observed in the control group within a wider area than that seen in the 
experimental group (Figure 1). On day 7, large areas of excavation were detected 
in the bone defects in the control group, while only small areas of excavation 
were noted in the experimental group (Figure 2). 

On microscopic findings, inflammatory cells and a fibrin network were ob-
served under the PRP layer in the bone defects in the experimental group on day 
1, whereas inflammatory cells and a fibrin network were rarely seen in the con-
trol group (Figure 3). 

On day 3, conglomerates of inflammatory cells and a fibrin network that was 
abundant in blood capillaries were seen under the PRP layer in the experimental  
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Table 1. The average of blood count of whole blood and PRP (n = 2). 

 
Whole blood PRP 

RBC (×104/mm3) 755 740 

WBC (μl) 4600 8000 

HT (%) 40.5 40.1 

Hb (g/dl) 12.5 12.6 

Platelet (×104/mm3) 35.6 230.0 

 

 
(a)                                    (d) 

 
(b)                                    (e) 

 
(c)                                     (f) 

Figure 2. Macroscopic findings of the fixed specimens of experimental group (a), 
(b), (c) and control group (d), (e), (f). Bone defects are shown in yellow double- 
arrows. There were no significant differences were observed between the experi-
mental (a) and control groups (d) on day 3. On day 5, granulation tissue was ob-
served within a wider area than that seen in the experimental group (b) than in the 
control group (e). On day 7, only small areas of excavation were noted in the ex-
perimental group (c), while large areas of excavation were detected in the bone 
defects in the control group (f). 

 
group. In contrast, inflammatory cells and a fibrin network with blood capilla-
ries were observed in the bone defects in the control group in immunohisto-
chemical findings of Type 4 collagen (Figure 4). 

On day 5, in H-E stain and Elastica van Gieson stain, granulation tissue was 
detected in the middle part of the bone defects in the control group. The  
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(a)                                   (c) 

 
(b)                                    (d) 

Figure 3. Histological findings of experimental group (a), (b) and control group 
(c), (d) of day 1. Inflammatory cells (*) and a fibrin network (**) were observed 
in the experimental group. On the other hand, few inflammatory cells are seen, 
but fibrin network were rarely seen under the PRP layer in the bone defects 
(double-head arrows) in the control group. Original magnification ×20 (a), (c) 
and ×40 (b), (d). Scale bar; 500 μm. 

 

 
(a)                                    (c) 

 
(b)                                    (d) 

Figure 4. Histological (a), (c) and immunohistological findings of Type 4 colla-
gen (b), (d) of day 3. Conglomerates of inflammatory cells and a fibrin network 
that abundant in blood capillaries (***) were seen under the PRP layer in the ex-
perimental group (b). In contrast, inflammatory cells and a fibrin network with 
blood capillaries were rarely observed in the bone defects in the control group (c), 
(d). Original magnification ×20 (a), (c) and ×40 (b), (d). Scale bar; 500 μm. 

**
1 mm *

***
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granulation tissue over the bone defects in the experimental group was thicker 
than that observed in the control group (Figure 5). 

On day 7, granulation tissue was seen in the bone defects in both the control 
group and experimental group, although excavation of granulation tissue was 
noted in the control group. The basement membrane underlining epithelium is 
regenerated in wider area in control groups, than in the experimental groups in 
immunohistochemical findings of Type 4 collagen (Figure 6). 

4. Discussion 

Much has been studied about the mechanisms about regeneration of tissues in 
recent years. To accelerate tissue repair, growth factors play a contributory role 
[7].  

PRP is an autologous concentration of platelets in a small volume of plasma, 
and contains many kinds of growth factors, such as PDGF, EGF, VEGF, and 
TGF-β etc. In 1998, Marx et al. reported that bone grafting with PRP stimulates 
ossification in patients with mandibular defects 1. Some reports described bone 
formation is stimulated [1] [2] [4] [8], while other reports described there is no 
significant difference with use of PRP [5] [9].  

At the point of soft tissue, PRP is applied to dermatitis combustion, fat graft-
ing, scar revision, and repair of tendon [3] [10] [11]. Rajabi et al. reported that 
injection of PRP on injured Achilles tendon, there was significant increase in 
number of fibroblast and cellular density and collagen deposition, whereas Ven-
ter et al. reported that use of PRP after deep burns leads to faster wound closure 
and thicker epidermis than control group [11]. From these reports, it is sug-
gested that PRP leads to fast and better healing of soft tissue, which is similar to 
the results of our present study. 

As we ranged over former studies, the research paper which clearly expressed 
the effect of PRP to oral mucosa, in vitro and/or in vivo studies in the maxillofa-
cial fields was rarely seen. PRP is often used in clinical studies, such as applica-
tion to periodontal wound healing [6], alveolar bone healing after extraction [4] 
[12] [13], etc. Dutta, et al. reported that they used PRP in empty extraction 
socket of impacted mandibular third molars, and has significant improvement in 
soft tissue healing and bone density in extraction sockets [12]. Gawai KT, et al. 
concluded that application PRP to extraction socket leads to significant im-
provement of the soft tissue healing, but there was no added benefit in late bone 
healing [13].  

In our study, the results demonstrated the presence of early inflammatory 
reactions and a rich fibrin network in the experimental group, which led to the 
formation of thick, vessel-rich granulation tissue. The findings of day-5 speci-
mens showed remaining of granulation tissue on wider area were seen in control 
group. Meanwhile, the basement membrane regenerated in wider area in control 
groups, than in the experimental groups in day-7 specimens. Re-epithelializa- 
tions in the same period both in the control and experimental group lead  
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(a)                                    (c) 

 
(b)                                    (d) 

Figure 5. Findings of H-E stain (a), (c) and Elastica van Gieson stain 
(b), (d) of day 5. The granulation tissue (shown in double-head arrows) 
over the bone defects in the experimental group (b), was thicker than 
that observed in the control group (d). Granulation tissue was not de-
tected in the middle part of the bone defects in the control group (c), 
(d). Original magnification ×20. Scale bar; 500 μm. 

 

 
(a)                                (c) 

 
(b)                                (d) 

Figure 6. Findings of H-E stain (a), (c) and Type 4 collagen (b), (d) of 
day 7. Granulation tissue was seen in the bone defects in both the con-
trol group (a), (b) and experimental group (c), (d). Granulation tissue 
is shown in double head arrows (a), (c). The defects were covered with 
epithelium, and thick granulation layer was observed in the experi-
mental group, although concavity was noted in the control group. The 
basement membrane (red arrows) regenerated in wider area in control 
groups (d), than in the experimental groups (b). Original magnifica-
tion ×20 (a), (c) and ×40 (b), (d). Scale bar; 500 μm. 
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to excavation in bone defect area. From these results, formation of thick, ves-
sel-rich granulation tissue in the early stage of healing may lead to better wound 
healing in experimental group than in control group, without excavation in bone 
defect area. Seppa et al. showed PDGF could lead fibroblasts to migrate into the 
clot, and induce their proliferation [14]. Our results may also support the rich 
PDGF of PRP stimulates early inflammatory reactions and formation of fibrin, 
which leads to wound healing stimulation. 

One of the reasons of variety of results in PRP studies is high heterogeneity, 
and this leads to the different conclusions in many studies [15] [16]. In this 
study, we showed that the application of PRP stimulates wound healing in tooth 
extraction bone defects; however, the mode of action of the growth factors re-
mains unclear. Therefore, PRP may confer some beneficial effects on the out-
comes. This issue must be analyzed in further detail, for example, using standar-
dized models to test its effectiveness in vivo as well as the regenerative effect with 
different biomaterials. 
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