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Introduction: Platelet-rich plasma (PRP) contains many growth factors, such as FGF, which induces the production of type
I collagen, and VEGF, which induces neovascularization, all of which are important in bone healing. This study aimed to evaluate
the effect of PRP administration on type I collagen production, VEGF expression, and neovascularization in rat models following
femoral bone implants using K-wire.
Methods: An experimental randomized control study was conducted on 24 white male rats (Rattus norvegicus) in the Wistar strain
that underwent K-wire implantation, where PRP was administered to the treatment groups. The amount of type I collagen was
measured by immunohistochemistry VEGF expression using sandwich ELISA, and neovascularization by histopathological
examination.
Results: The amount of type I collagen in the treatment group (50–>150/field of view) was significantly higher than the control group
(0–99/field of view; p=0.003). VEGF expression in the treatment groups was significantly higher than controls: 10.90±4.47 and 2.29
±0.92, respectively (p=0.006). Mean number of new vessels formed on fibrotic capsules in the treatment groups was significantly
(p=0.007) higher than the control groups (2.69±1.03 vs 0.67±0.52).
Conclusion: The use of PRP significantly increased type I collagen production, VEGF expression, and neovascularization in rat
models, elucidating the potential of PRP to be used in clinical settings to enhance the bone-healing process.
Keywords: platelet-rich plasma, vascular endothelial growth factor, type I collagen, neovascularization, bone healing, orthopedic
implants

Introduction
The use of orthopedic implants, such as artificial joints, intramedullary rods, plates, and screws, has increased rapidly
within the last few years. However, the implants used can cause complications, such as scars, infection, and necrosis.1–3

Physiologically, the presence of a foreign body induces inflammatory responses and the wound-healing process and
results in the formation of a thick fibrotic capsule around the implants.4,5 The capsule, sometimes referred to as the
foreign-body capsule, acts as a biological and structural barrier between the tissue and the implant.4,6,7 In general, this
capsule lacks vascularization, and may cause such complications as inflammation, infection, and tissue necrosis, which
may lead to implant failure or rejection.5,6,8 Conversely, adequate vascularization around an implant is positively
associated with increased bone growth and decreased incidence of infection and implant failure.7,9
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Platelet-rich plasma (PRP) is a concentrated platelet product which has five- to ninefold the concentration of
platelets of circulating platelet counts.10–12 Investigations on rats support the use of PRP in human clinical
settings.11,13,14 Oryan et al14 found that PRP promoted bone healing (microscopic union) better than a control group
(p=0.001). PRP contains growth factors that are important in the healing process, such as CTGF, PDGF, TGFβ, FGF,
VEGF, and EGF.15–17 It also contains inflammation mediators, such as macrophages, monocyte mediators, and
interleukins,10,11,18 as well as important proteins like fibrinogen, albumin, and immunoglobulin,10,19 which are important
in bone healing and remodeling.

FGF in PRP induces fibroblast formation, which produces collagen, especially type I collagen.16,18 Collagen is the
most abundant protein in the human body, making up to a third of the total protein mass. Among the 28 types of collagen,
type I collagen is the most abundant and is usually found in connective tissue, such as skin, bone, and tendons.20 Studies
have shown that administration of type I collagen on implant surfaces was positively associated with neovascularization
formation on fibrotic capsules.20–22 This shows the potential of type I collagen in quickening the bone-healing process
following implant insertion.

VEGF is a proangiogenic substance expressed by macrophages, tumor cells, and osteoblasts that plays an important role
in angiogenesis by regulating vascular endothelial cell proliferation, vascular permeability, and antiapoptosis on newly
formed vascular endothelial cells.23–25 Release of VEGF enhances bone regeneration and neovascularization.26,27 An in vitro
study showed that inhibition of VEGF suppressed vascular invasion and bone formation.28 The administration of VEGF on
silicon implants also decreases fibrotic capsule thickness and increased vascularization around implants in rat models.29

Moreover, treatment with exogenous VEGF increases vascularity and mineral density in mouse femur-fracture models.30

Nevertheless, the consequences of exogenous VEGF administration on bone healing might vary to a certain extent.24 Excess
VEGF might recruit excess osteoclasts, resulting in resorption and not providing the opportunity for maturation of newly
formed bone.31,32 Excess VEGF also inhibits the function of pericytes through PDGF-receptor inhibition, leading to
interrupted angiogenesis–osteogenesis coupling and immature blood-vessel formation.33 Moreover, artificial and exogenous
VEGF might require further synthetic or rat proteins as carriers and cause rejection.34

Unlike artificial and exogenous growth factors, PRP can serve as a natural carrier, resulting in a lower risk of
rejection.13 Moreover, as it is usually drawn from patients’ own blood, PRP is cheaper and easier to prepare.15 This study
aimed to evaluate the effect of PRP administration on type I collagen production, VEGF expression, and neovascular-
ization on fibrotic capsules in rat models following femoral bone–implant insertion.

Methods
This was an experimental randomized control study on rat models to examine the effect of PRP on type I collagen
production, VEGF expression, and neovascularization on fibrotic capsules after femoral bone–implant surgery (insertion
using K-wire). Ethics approval was obtained from the Faculty of Veterinary Medicine, Universitas Syiah Kuala, Aceh,
Indonesia (004/KEPH-C/III/2015). The experiment was done in accordance with Universitas Syiah Kuala’s guidelines on
laboratory care and use of laboratory rats.

Experimental Rats and Housing
A total of 24 male Wistar strain white rats (Rattus norvegicus) aged 12–16 weeks weighing 200–300 g were obtained
from the Pharmacology Laboratory, Faculty of Veterinary Medicine, Universitas Syiah Kuala, Banda Aceh, Indonesia,
where all procedures were carried out. Seven days prior to the study, the rats went through an acclimation process under
laboratory conditions (70%–80% humidity, temperature around 20°C–25°C, and adequate lighting) were fed and given
water ad libitum. They were kept in clean cages, and the husks were replaced every day. After 7 days of acclimation, the
rats underwent surgical procedures and were divided into four groups of six: two treatment groups (T1 and T2) with
K-wire implant installation on the lateral side of the femur bone with PRP administration, and two control groups (C1
and C2) with K-wire implant installation on the lateral side of the femur bone without PRP administration. One treatment
group (T1) and one control group (C1) were culled on the seventh day after surgery to be examined for the amount of
type I collagen. The T2 and C2 groups were culled on the 21st day postsurgery to be examined for VEGF expression and
vascularization formation around fibrous encapsulations.
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Preparation of PRP
Peripheral blood samples were collected from study rats, stored in a tube with anticoagulant (citrate–phosphate dextrose),
and then centrifuged at 20°C at 2,400 rpm for 10 minutes. The supernatant (plasma) formed, the buffy-coat layer, and
0.5 mL below the buffy-coat layer were separated into another tube and recentrifuged at 20°C at 3,600 rpm for another 10
minutes. The supernatant formed was then separated, while the buffy-coat layer and 0.5 mL below it was collected as the
PRP and stored at −80°C.16 PRP was sprayed on the surface of the prepared K-wire implant.

Surgical Procedures
K-wire implantation comprised an incision in the lateral femoral region (femur), splitting the vastus lateralis muscle, and
performing a 1.5 cm–long K-wire insertion on the lateral side of the femur (Figure 1). The PRP (around 3–5 cm3) was
dripped on the surface of the wire in the treatment groups. The wound was closed by thoroughly stitching the muscles
and the skin. Antibiotic and painkiller injections were later given to each rat.

Assessment of Type I Collagen
Immunohistochemistry (IHC) examination was conducted based on the avidin–biotin complex.39 The amount of type
I collagen produced in both groups was examined using the IHC method and type I collagen monoclonal antibodies.
Measurement of type I collagen production was done by counting the number of cells found in every 1.000 immunor-
eactive cells. The assessment was carried out at the Integrated Research Laboratory, Faculty of Veterinary, Universitas
Syiah Kuala, Aceh, Indonesia.

The results of IHC examination of type I collagen expression were explicated using a histoscore, calculated as the
product of the intensity and distribution. The color intensity was 0 for negative (yellow), 1 for weak intensity (light
brown), 2 for moderate intensity (brown), and 3 for strong intensity (dark brown), while the distribution was measured
based on the percentage of cells expressed per field of view with scoring of 1 if the percentage of cells in the field of view
was 0–20%, 2 if 20%–50%, 3 if 50%–80%, and 4 if >80%. Histoscores have a range of values of 0–12.

Assessment of VEGF Expression and Vascularization Around Fibrous Encapsulation
VEGF expression was measured using sandwich ELISA. Results were interpreted using a microplate spectrophotometer/
ELISA reader at 450 nm wavelengths. VEGF expression was measured using MPM6 software. Histopathology
examinations were carried out to measure the formation of vascularization on fibrotic capsules. Both ELISA and
histopathology examinations were carried out at the Integrated Research Laboratory, Faculty of Veterinary, Universitas
Syiah Kuala, Aceh, Indonesia.

Figure 1 K-wire implantation in femoral bone.
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The procedure for histology preparations was the modified Kiernan (1990) method. Organs that had been fixed in
a 10% BNF solution were put into a labeled tissue basket. Tissue samples were dehydrated with graded alcohol of 80%,
90%, 95%, and absolute alcohol for 2 hours each. After dehydration, purification was carried out by immersing the tissue
in silol I, II, and III for 1 hour each.

The next stage was tissue infiltration in liquid paraffin I, II, and III at a temperature of 60°C for 1 hour each and
continued with implanting tissue in paraffin (embedding). The tissue block was sliced with a thickness of 3 mm using
a microtome placed on a glass object that had been coated with poly-L-lysine. The tissue blocks were cut into 14 slides
(three samples were taken from each group) and two of them were used as controls. The interpretation of the results of
the blood vessels in the fibrotic capsule is carried out by counting the blood vessels that appear in 5 large visual fields
with 40× magnification.

Statistical Analysis
Independent t-tests with 95% CIs were used to analyze the effect of PRP administration on VEGF expression, while the
Mann–Whitney test was used to analyze the effect of PRP administration on type I collagen production and the formation
of vascularization around the fibrous encapsulation. Statistical analyses were done using SPSS 18.0, and values were
considered significant if p<0.05.

Results
Effect of PRP Administration on Type I Collagen Production
IHC examination showed that all rats in the T1 group had type I collagen counts of 50–>150/field of view, with
a majority (66.7%) having 100–149/field of view. On the other hand, most rats in the C1 group (83.3%) had 0–49/field of
view. Statistical analysis showed the T1 group had significantly more type I collagen than the C1 group (p=0.003;
Table 1, Figure 2).

Effect of PRP Administration on VEGF Expression and Vascularization Formation
The mean expression of VEGF in the T2 group was significantly higher than in the C2 group: 10.90±4.47 and 2.29±0.92,
respectively (p=0.006). Histological examination with 40× magnification showed that the the average number of vessels
formed on fibrotic capsules in the T2 group was significantly (p=0.007) higher than in the C2 group (2.69±1.03 vs 0.67
±0.52; Table 2, Figure 3).

Discussion
This study was conducted to evaluate the effect of PRP administration on type I collagen production, VEGF expression,
and vascularization on fibrotic capsules in rat models after femoral bone–implant insertion. We found that the amount of
type I collagen in group T1 was significantly higher than in C1 (p=0.003). This finding supports previous studies that
showed PRP administration increased collagen production.21,35 Cho et al35 found a significant increase of fibroblasts and

Table 1 Type I collagen numbers in groups T1 and C1

IHC (40× magnification) T1 (n=6) C1 (n=6) p

n % n %

0–49 /field of view 0 5 83.3 0.003*

50–99 /field of view 1 16.7 1 16.7

100–149 /field of view 4 66.7 0

>150 /field of view 1 16.7 0

Total 6 100 6 100

Note: *Mann–Whitney test.
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collagen production on female rats injected with subcutaneous PRP compared to controls. The study concluded that
increased fibroblast proliferation was associated with increased collagen production induced by PRP administration.

PRP is rich in FGF, which is responsible for extracellular matrix and collagen synthesis, important in tissue repair and
regeneration. There are 28 types of collagen that have been identified, with type I the most abundant form. Type

Figure 2 (A) Expression of type I collagen in tissue around implant with weak appearance; (B) expression of type I collagen in tissue around implant with moderate
appearance; (C) expression of type I collagen in tissue around implants with strong appearance.

Table 2 VEGF expression and vascularization formation in groups T2 and C2

T2 C2 p

VEGF expression* (mean ± SD) 10.90±4.47 2.29±0.92 0.006a

Number of vessels on fibrotic capsule** (mean ± SD) 2.69±1.03 0.67±0.52 0.007b

Notes: *ELISA; **histopathology examination; aindependent t-test; bMann–Whitney test.
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I collagen can be found in almost every single tissue type in the body, except in cartilage. Synthesis of type I collagen
usually occurs in response to trauma,36,37 where it is usually detected on the third day after injury and increases until the
third week.20,21 This explains why type I collagen was also found in the C1 group. PRP administration in the T1 group
significantly increased the production of type I collagen 7 days after the procedure compared to the natural production of
type I collagen in the C1 group.

Increased production of type I collagen helps the bone-healing process. Studies have shown that type I collagen
administration on implant surfaces increases the formation of new vessels around fibrotic capsules.20,21 One investigation
also reported that type I collagen administration decreased rejection and implant-failure incidence.22 As PRP can induce
the production of type I collagen, it has the potential to increase the formation of new vessels around fibrotic capsules,
which might reduce implant failure after the implant procedure. New bone formation, bone regeneration, and osseointe-
gration after implant placement requires a blood supply to deliver nutrients, oxygen, and osteoprogenitor cells through
the newly formed blood vessels.40

We also found that VEGF expression in the T2 group was significantly higher than in the C2 group. VEGF regulation
is a complex mechanism, induced by growth factors, such hormones such as estrogen and parathyroid, inflammatory
factors, eg, IL1, IL6, and IL8, and mechanical stress.24 This finding is in accordance with previous studies that showed
the administration of PRP increased VEGF expression.15–17 PRP, which is rich in growth factors, produces fibroblasts,
which induced VEGF expression in the T2 group.

Furthermore, we found that the number of vessels on fibrotic capsules in the T2 group was significantly higher than
C2, indicating better neovascularization on fibrotic capsules in the treatment group. VEGF is pivotal in the proliferation,
migration, and activation of vascular endothelial cells, vascular permeability, and antiapoptosis on newly formed vascular
endothelial cells.24–26,38 VEGF induced by PRP administration stimulated neovascularization on fibrotic capsules. The
formation of microvessels continued with formation of the capsule up to the third week (21st day) after implant insertion,
resulting in a higher amount of neovascularization in T2 than C2. This finding supported previous studies that suggested
VEGF enhanced neovascularization.24,26

Neovascularization on fibrotic capsules around the implant is important in preventing infection complications and
enhancing the bone-healing process.6 The use of modified implants and exogenous type I collagen as well as VEGF
enhances vascularization on fibrotic capsules around implants.21,22,29,30 However, these procedures are not without a risk of
rejection and failure.31–34 The findings of this study showed that the administration of PRP extracted from a mouse model
increased type I collagen production and VEGF expression, which eventually increased neovascularization on fibrotic
capsules around implants.

Limitations
The results of this study must be interpreted with caution and limitations borne in mind. First, we focused only on the
production of type I collagen and VEGF expression induced by PRP administration. In fact, PRP is rich in other growth
factors, such as PDGF and TNFα, which might also influence the angiogenesis process. A study integrating all these

Figure 3 Histology of blood vessels in fibrotic capsule in tissue surrounding implants. (A) Implant treatment group+ PRP group (40×); (B) implant treatment group (40×).
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growth factor in the future is warranted to explain the role of each factor on osteogenesis and angiogenesis following
implant insertion. Second, the results of IHC examinations are presented in the amount of type I collagen found.
Measurement of capsule fibrosis using IHC results in the future might enrich the findings of this study. Despite these
limitations, we believe that this study has significantly contributed to the current knowledge of PRP potential in bone
healing.

Conclusion
The findings of this study showed that the administration of PRP significantly increased type I collagen production,
VEGF expression, and neovascularization on fibrotic capsules around implants in rat models postfollowing femoral bone
insertion. As PRP is considered cheaper, safer, and easier to prepare, PRP in implant insertions should be considered,
since it might reduce complications and enhance the healing process following implant surgeries. Overall, this study
proves the impact of PRP on indirect healing following the implant-graft procedure through the role of type I collagen,
decreased fibrotic capsules, and increased VEGF expression. As far as we know, the novelty in this study is the
assessment of aspects of type I collagen and VEGF, which were assessed using IHC procedures and provided
a perspective on the reduction of fibrotic tissue at the implant site.
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