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Platelet-leukocyte-rich plasma (L-PRP) prevents 
the collagen III degradation and impairs the bone 
matrix development in artificial defect of rabbit 
calvaria, associated with suppression of the 
immunohistochemical expression of MMP-2 and 
MMP-9
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Abstract

Introduction and Objective: Because L-PRP constitutes an important 
source of growth factor that is associated with osteogenesis and 
fibrogenesis, the aim of this study was to evaluate the effect of 
L-PRP on the presence of collagen III and MMP-2 and MMP-9, while 
comparing these results by means of a histomorphometric analysis 
of bone matrix and fibrous deposition on bone repair. Material 
and methods: Four bone defects of 8 × 2 mm were created on 
the calvaria of 21 rabbits. The surgical defects were treated with 
either particulate autograft, particulate autograft mixed with L-PRP, 
or L-PRP alone. Animals were euthanized at 2, 4, and 6 weeks 
postoperative. Histomorphometric and immunohistochemical analyses 
were performed to assess repair time, as well as the expression of 
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collagen III and MMPs. Results: In contrast to the results of the 
L-PRP-free groups, the histomorphometric results of the L-PRP groups 
demonstrated intense fibrotic deposition along with hindered bone 
matrix deposition. These results coincided with the larger occurrence 
of diffuse collagen III deposition and the scarce presence of MMP-
2 and -9 spread among the fibrous tissue. Conclusion: Thus, the 
results suggest that L-PRP not only induces an intense fibrosis rich 
in collagen III, which is not degraded, but also suppresses MMP-2 
and -9 expressions, mimicking a similar pathological event as that 
of a cleft-palate or cranial suture.

Introduction

Leukocyte-platelet-rich plasma (L-PRP) is a blood-
derived portion composed of high concentrations of 
platelets and white cells, and it has been applied as 
autogenous biomaterial in bone repair [13]. The reason 
for its use is the higher number of platelets, which 
is an important source of growth factors, such TGF-
β1, that hypothetically possess a stimulating effect 
on regulation and differentiation in mesenchymal 
tissue repair [10]. 

Regardless of this justification, some studies 
have demonstrated negative action of L-PRP on 
osteogenesis [1, 10, 16, 18] at the same time that 
fibrosis is produced [5, 6] generating conflict about 
the real clinical effect of L-PRP in bone reparative 
sites.

Fibrosis generally occurs due to dysregulation of 
mechanisms that control the usual extracellular matrix 
(ECM) turnover [11]. It is generally orchestrated by 
higher levels of TGF-β1 [14], simultaneously inhibiting 
ECM degradation by suppressing metalloproteinase, 
especially MMP-2 and MMP-9 [20].

It is noteworthy that both TGF-β1 and MMP-2 
and -9 are synthesized by activated platelets during 
their aggregation [9]. In addition, osteoblasts also 
express MMPs, whose presence seems to be crucial 
in embryological bone development, because they are 
required for the formation of secondary ossification 
during cranial and palate bone formation [2].

We hypothesized that L-PRP could alter the 
immunoexpression of MMP-2 and -9 and alters the 
ratio between fibrotic conditions and osteogenesis. 
Thus, the aim of this study was to verify the 
immunolocalization of MMP-2 and -9 and collagen 
III in rabbit calvarium bone defects treated with and 
without L-PRP insertion.

Material and methods

In this study, 21 New Zealand female rabbits, 
ranging in age from 350 to 370 days, weighing 2.75 
to 4.60 kg, with no previous disease, were used 
following a protocol approved by the Institutional 
Animal Care and Use Committee of Positivo 
University (Curitiba, PR, Brazil).

�-�R� fa�rication an� its q�antification

A 15 ml sample of autologous blood was collected 
from each animal through cannulation of the ear 
vein into a syringe containing 1.48 ml of 10% sodium 
citrate. The blood samples were centrifuged at 
200 × g for 20 min at room temperature to separate 
the plasma containing the platelets from the red 
cells (Beckman J-6M Induction Drive Centrifuge; 
Beckman Instruments Inc., Palo Alto, CA, USA). 
The plasma fraction was removed from the top 
of the supernatant. The remaining fractions were 
centrifuged again at room temperature for 10 min at 
400 × g to separate the platelets. The platelet-poor 
plasma was removed from the upper level of the 
supernatant, leaving the L-PRP and buffy coat (1.0 
ml), which were re-suspended and activated with 
a mixture of 10% calcium chloride (0.05 ml/ml of 
L-PRP). They were added to the previously prepared 
L-PRP and mixed for approximately 1 min until 
they formed a gel. 

The platelets and leukocytes in the L-PRP were 
measured after centrifugation using a Coulter STKS 
hematology-counting machine (Beckman-Coulter, 
Chicago, IL, USA). An average of 2.5 × 106 (Standard 
deviation of 1.6 × 106)+ platelets/µL was achieved, 
whereas initial values accounted for approximately 
3.0 × 105 (1.1 × 105) platelets/µL. Simultaneously, 
an average of 4.3 × 104 (0.8 × 104) leukocytes/µL 
was measured in the L-PRP, while the initial blood 
values were 9.3 × 103 (0.10 × 103) leukocytes/µL.
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S�r�ical �roce��re

The rabbits were anesthetized by an intramuscular 
injection of xylazine (5 mg/kg) and ketamine (70 mg/kg). 
The surgical region was shaved and aseptically 
prepared. A 5 cm midline dermo periosteal incision 
was made to expose the calvarial surface. Four 
circular defects of 8 mm in diameter × 2 mm 
in depth were created with a trephine (Biomedic 
Research Instruments Inc., Silver Springs, MD, USA) 
under abundant saline solution irrigation. 

Bone fragments removed from the calvaria 
defects were used for particulate autograft. One 
defect was filled with 0.01 ml of autograft (group I), 
another received 0.01 ml of autograft associated 
with 100 µL of L-PRP (group II), and a third was 
filled with 100 µL of L-PRP alone (group III). For 
the control defects (sham), no grafting material 
was inserted (group IV). Each animal received a 
prophylactic intramuscular injection of 24,000 IU 
of penicillin G-benzathine.

E�t��anasia �roce��re an� tiss�e �rocessin�

The animals were euthanized with an overdose 
(10 mg/kg) of intravenous sodium thiopental at 2, 4 
and 6 weeks post-surgery (n = 7 animals/period). 
The calvaria of the animals were removed in blocks, 
using an inverted cone bur. The calvaria were fixed 
in 10% buffered formalin for 48 h and decalcified in 
20% formic acid and sodium citrate for 7 days. The 
specimens were processed and embedded in paraffin. 
Serial histological sections of 3 µm perpendicular to 
the mid-sagittal suture were performed and stained 
with Masson’s trichrome to enable histomorphological 
and histomorphometric evaluation.

����no��istoc��e�istr� �rocessin�

For each specimen, 3 µm thicknesses were 
deparaffinized and subjected to antigen retrieval 
in 1% pepsin solution (pH 1.8) for 60 min at 37°C. 
The slides containing the fragments were immersed 
in 3% hydrogen peroxide for 30 min followed by 
incubation with 1% phosphate-buffered saline (PBS; 
pH 7.4). The sections were incubated with the primary 
antibody anti-MMP-2 (Santa Cruz Biotechnology 
Inc., sc 146, Santa Cruz, CA, USA) with a dilution 
factor of 1:100, and anti-MMP-9 (Abcam, Cambridge, 
UK, ab 6285) with a dilution factor of 1:150, 

overnight (18 h). The labeled streptavidin biotin 
antibody-binding detection system (Universal HRP 
Immunostaining Kit-Diagnostic Biosystem Universal 
HRP Immunostaining Kit; Diagnostic Biosystem, 
Foster City, CA, USA) was applied to detect the 
primary antibodies. The immune reaction was 
revealed with the diaminobenzidine-tetrachloride 
chromogen solution (Universal HRP Immunostaining 
Kit; Diagnostic Biosystem, Foster City, CA, USA) and 
counterstained with Harris-hematoxylin. A negative 
control was performed using rabbit polyclonal IgG 
isotype (2 µg/ml; Abcam, Cambridge, UK, ab 27472) for 
10 min at room temperature as a primary antibody. 

��a�e anal�sis 

T he  i m a g e s  o f  t he  h i s t o lo g i c a l  a nd 
immunohistochemistry sections were captured by 
a digital camera (SDC-310; Samsung, Kyungki-
Do, South Korea) coupled with a light microscope 
(ZEISS, Germany) with an original magnification 
of ×100. Each digital image was gathered and 
preserved with 300 dpi resolution. 

All measurements were made using the software 
ImageJ (National Institute of Health, Bethesda, MD, 
USA). The perimeters of histological areas (bone 
matrix and fibrosis) were carefully traced, all areas 
were computed, and their values were transformed 
into percentage. At the same time, the percentage 
of positive MMP-2 and -9 were determined by 
automation, following the protocol established by 
Di Cataldo et al. [3].

Statistical anal�sis

Each parameter was evaluated within the 
monitoring period. An analysis of variance (Anova) was 
used to determine if there were significant differences 
among groups, followed by the Student-Newman-Keuls 
non-parametric test. A p value of less than .05 was 
considered to be statistically significant.

Results

�i���t �icrosco�ic anal�sis 

Quantitative data of the histomorphometric 
analysis is given in table I. A summary report of 
histological characteristics is presented below.
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Table I – Means (stan�ar� �eviation – SD) of �ercenta�e 
of �one �atri�� an� fi�ro�s tiss�e fo�n� a�on� t��e 
�ro��s

Autograft L-PRP + 
Autograft L-PRP Sham

2nd 

week

Bone 
matrix

53.20 
(4.29)*

41.21 
(4.12)*

2.79 
(1.89)**

6.52 
(2.13)**

Fibrous 
tissue

41.46 
(3.82)**

49.32 
(5.36)**

83.06 
(5.06)*

78.94 
(4.04)*

4th 
week

Bone 
matrix

71.22 
(3.28)*

48.91 
(2.10)**

7.28  
(3.97)***

37.22 
(4.39)**

Fibrous 
tissue

16.67 
(3.44)***

44.69 
(3.93)*/**

78.71 
(3.84)*

26.55  
(3.11)**

6th 
week

Bone 
matrix

84.74 
(3.93)*

54.15 
(3.28)**

12.98 
(2.67)***

59.10 
(4.35)**

Fibrous 
tissue

06.67  
(2.82)***

42.81  
(4.41)*

69.47 
(3.29)*

18.61  
(4.09)**

For each line, values followed by the same superscript 
are statistically similar, p > 0.05
Medullary adipose area not accounted

Bone fragments grafted and surrounded by 
mesenchymal tissue were detected in group I and 
group II, but evident increase of de novo bone 
formation was observed in the L-PRP-free group, 
while the L-PRP group exhibited fibrosis. These 
histological features were similar to those of 4 
and 6 weeks post-surgery. The histological frame 
in group III and group IV at 2 weeks post-surgery 
revealed fibrous tissue that compounded the body 
of defect. However, at 4 and 6 weeks post-surgery, 
failure of bone matrix development was present 
only in group III, while in group IV an evident new 
bone matrix formation was observed.

����no��istoc��e�ical res�lts

A quantitative data of the immunohistochemistry 
is given in table II. A summary report of the 
immunohistochemical characteristics found among 
groups is presented below. 

Table II – Means (stan�ar� �eviation – SD) of �ercenta�e 
of i���noe���ression of Colla�en ���, MM�-2 an� MM�-9 
a�on� t��e �ro��s

Period protein Groups

Autograft L-PRP + 
Autograft

L-PRP Sham

2nd 

week

Collagen 
III

5.06 
(1.66)**

36.31 
(2.04)*

47.29 
(4.28)*

13.36 
(2.81)**

MMP2
42.13 
(2.98)*

6.12  
(1.04)**

2.61 
(0.76)**

51.11  
(3.57)*

MMP9 36.81 
(1.27)*

2.41 
(0.36)**

1.99 
(0.06)**

42.32 
(2.16)*

4th 
week

Collagen 
III

4.76  
(0.98)*

34.88 
(3.26)**

42.09 
(2.27)***

7.12 
(1.12)**

MMP2 33.82 
(2.14)*

3.19 
(0.88)**

1.21 
(0.14)**

31.18 
(1.60)*

MMP9 29.16 
(2.07)*

1.81 
(0.37)***

0.72 
(0.19)***

21.11 
(1.96)**

6th 
week

Collagen 
III

3.26 
(0.42)*

28.21 
(2.43)**

37.93 
(2.27)***

3.10 
(0.35)**

MMP2
18.61 
(4.09)*

1.71 
(0.01)**

0.87 
(0.13)**

21.16 
(1.28)*

MMP9 14.72 
(1.47)* < 0.01 0.12 

(0.02)**
17.57 

(1.36)*

For each line, values followed by the same superscript 
are statistically similar, p > 0.05

Colla�en ���

All groups exhibited positivity to collagen III. At 
2 weeks post-surgery, scarce and restricted positive 
fibers of collagen III were observed on the L-PRP-free 
groups (figure 1). This immunopositivity occurred 
especially surrounding the blood vessels, haversian 
canals, and areas represented by a common bone 
marrow ECM. In contrast, intense and diffuse 
deposition of collagen III was observed in the L-PRP 
groups in all time periods analyzed (figure 2). 
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Figure 1 – Reveals t��e scarce i���noe���ression of 
Colla�en ��� (�rownis�� color) s�rro�n�in� t��e �loo� 
vessel in �e��llar� area neofor�e� at 4t�� wee� �ost-
s�r�er� in �-�R�-free �ro�� associate� to a�to�raft 
(�ro�� �). Verif� t��e intense �resence of ��aversian �one 
�e�osition (�t) e����i�itin� well-�efine� osteon (arrow) 
(Ori�inal �a�nification × 100)

Figure 2 – S��ow t��e lar�er area co��ose� �� Colla�en 
��� (�rownis�� color) a�on� t��e t��in �one tra�ec�lae (�t) 
at 6t�� wee� �ost-s�r�er� in �ro�� treate� wit�� �-�R� 
(�ro�� ��) (Ori�inal �a�nification × 100)

MM�-2

The percentage of positivity to MMP-2 was 
markedly higher in the L-PRP-free group. In this 
group, the immunopositivity was concentrated in the 
ECM or even surrounding the engrafted bone for 
group I (figure 3). In contrast, in groups II and III, 
few ECM areas exhibited positivity to MMP-2, and 
they were scarce and restricted to adjacencies on 

the bone graft or concentrated peripherally to the 
host bone. A similar immunohistochemical pattern 
was observed at both 4 and 6 weeks post-surgery 
both in group II (figure 4) and group III. 

Figure 3 – Micro�ra��� �e�onstrates t��e intense 
�ositivit� for MM�-2 (�rownis�� color) in t��e e��tracell�lar 
�atri�� an� �one cells in �ro�� �-�R�-free (�ro�� �) at 4t�� 
wee� �ost-s�r�er� (Ori�inal �a�nification × 100)

Figure 4 – Verif� t��e scarce i���nola�el for MM�-
2 (�rownis�� color) in �eritra�ec�lar area (�t) in t��e 
�ro�� treate� wit�� �-�R� (�ro�� ��) at 4t�� wee� �ost-
s�r�er�. Verif� t��e intense �resence of fi�ro�s tiss�e 
(ft) s�rro�n�in� t��e t��in �one tra�ec�lae at 6t�� wee� 
�ost-s�r�er� (Ori�inal �a�nification × 100)

MM�-9

The investigation of immunolocalization of 
MMP-9 showed similar results to that of MMP-
2. Despite all groups demonstrating positivity to 
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MMP-9, the group treated with L-PRP revealed 
scarce, or even a lack of, immunopositivity for 
metalloproteinase in all time periods analyzed. In 
contrast, in the L-PRP-free group, immunopositivity 
was remarkable, but its percentage decreased as 
the bone matrix was developed. The differences 
of immunohistochemical pattern can be seen in 
figure 5 (specimen treated with L-PRP [group II]) 
and figure 6 (control group [group IV])

Figure 5 – Micro�ra��� revealin� a�sence of s��stantial 
i���nostainin� for MM�-9 (�rownis�� color) in �-�R� 
�ro�� at 4t�� wee� �ost-s�r�er�. Verif� t��e intense 
�resence of fi�ro�s tiss�e (ft) a�on� t��e �artic�late 
�one �raft (�t) (Ori�inal �a�nification ×40)

Figure 6 – Histolo�ical feat�res �e�onstratin� t��e 
i���nolocalization of MM�-9 (�rownis�� color) in �-�R�-free 
�ro�� at 4t�� wee� �ost-s�r�er� (Ori�inal �a�nification ×100)

Discussion

In this study, it was revealed that in calvaria 
treated with L-PRP, failure in bone matrix deposition 

occurred simultaneously with an increase in 
histophenotype fibrotic conditions. These results also 
occurred simultaneously with maintained collagen 
III and the absence of the immunohistochemical 
expression of MMP-2 and -9.

The increase in collagen III is an event expected 
at earlier time periods in the L-PRP group, because 
platelets depend on this type of collagen for platelet 
aggregation and activation [5, 15]. However, the 
maintenance of collagen III seems to configure the 
fibrotic conditions and the subsequent negative effect 
of L-PRP in bone regeneration, because the presence 
of collagen III neither surrounds nor supports the 
adhesion of bone cells [22].

This fibrotic condition corroborates with other 
studies and may be attributed to changes in TGF-β. 
In this way, Giovanini et al. [7] demonstrated that 
L-PRP produced a cross-reaction between TGF-β1 
and Wnt10b osteo-protein, a fact that is commonly 
associated with the inhibition of osteoneogenesis 
and adipogenesis, but favoring fibrosis. In addition, 
Giovanini et al. [6] showed significant fibrosis rich 
in collagen III, the presence of α-smooth-actin+ 
cells, and higher levels of TGF-β associated with 
platelet-concentrated situations that are commonly 
found in pathological fibrotic conditions. These 
studies [6, 7] may also give support to results 
present herein, because the TGF-β1 is a common 
platelet growth factor that also may modulate the 
suppression of MMP-2 and -9 and consequently 
impairs ECM degradation [20].

Our speculation is based on a study published 
by Risinger et al. [20] which revealed that exogenous 
TGF-β1 inhibits MMP-2, and this mechanism seems 
to be connected to the presence of the integrity of 
the actin cytoskeleton induced by its own TGF-β1. 
This conclusion was derived from the observation 
that forcing the disassembly of actin stress fibers 
caused the blocked ability of TGF-β1 to suppress 
the upregulation of MMP-2, but in the opposite 
situation, these actin+ cells produce an increase in 
TGF-β1 that in turn reduces MMP-2 expression.

In addition, the antagonic expression between 
MMP-9 and TGF-β1 seems to be a common 
event. However, despite MMP-2 and -9 sharing 
structural and catalytic similarities, the suppression 
pathways of MMP-9 via TGF-β1 occur indirectly 
and differently from those of MMP-2. Using a 
cell culture of lymph reticular cells, Ogawa et al. 
[19] showed that the interaction between TGF-β1 
and its receptors produced biological events via 
the phosphorylation of SMADs that impairs the 
transcription of the nuclear factor κB (NF-κB) 
site, a locus that contains the −670/−591 bp that 
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corresponds to the MMP-9 promoter region. This 
event inhibits the transcription and expression of 
MMP-9, at the same time that it maintains the 
basal expression of TGF-β1.

Thus, these results may help to explain the 
scarce immunohistochemical condition of MMP-
2 and -9 and fibrotic development in reparative 
sites. In addition, the lack of MMP-2 and -9 
may be indicative of a fundamental condition of 
the failure of bone matrix deposition, not only 
associated with suppressing collagen III degradation, 
but also associated with failure of bone matrix 
construction.

This proposition originates from the premises 
that MMPs are not only destructive enzymes but 
also active biomolecules that play roles in cell 
attachment, proliferation, and differentiation, [12] 
including in osteo-lineage cells [4, 21]. In this way, 
Mosig et al. [17] using the knockout MMP genes 
in mouse models, described how a lack of MMP-
2 interrupted craniofacial skeleton development; 
these results are also corroborated by Demarchi 
et al. [2] who added that both MMP-2 and -9 are 
necessary for suture fusion, because these MMPs 
are responsible for secondary ossification on 
craniofacial defects.

In this study, we demonstrated that L-PRP 
could impair bone repair in craniofacial defects, 
because maintaining collagen III and suppressing 
MMP-2 and -9 mimics a usual etiology present not 
only in fibroproliferative conditions, but also in 
cleft-palate or suture development. 
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