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Abstract
Although bone substitutes supplemented with platelet derived products are widely used in bone
regeneration, the role of Platelet lysate needs to be further elucidate in treatment of bone damages.
Accordingly, the aim of this animal study was to evaluate the bene�ts of autologous PL (APL) in fracture
healing. Rabbit APL obtained from freeze-thawed platelet suspension and used for treatment of femoral
bone damage in 20 rabbits after surgery procedure. Twenty other rabbits with femoral bone damage were
assigned to control group which received Phosphate-buffered saline as therapy. ELISA and real-time PCR
used for investigation of the secretion and mRNA expression of IL-1, IL‐6, TNF‐α and TGF‐β cytokines,
respectively. The mRNA expression of several other related genes including MMP-3, MMP-13, IGF, FGF,
VEGF and PDGF was also evaluated in days 0, 15, 30 and 60 which was higher in APL-treated rabbits
than that of controls. However, secretion of pro-in�ammatory cytokines was meaningfully lower than the
control group and reduced signi�cantly after two weeks. These observations indicated that factors
released from PL and regulation between them could result in bone fracture healing.

Introduction
The treatment of bone defects represents an important clinical challenge in the management of
orthopaedic trauma patients [1]. Bone grafting, especially autografts, are considered as the major surgical
procedure in the treatment of bone defects or nonunion fractures, due to their capacity in replacing the
missing bone, providing mechanical support and enhancing the biological repair [2, 3]. However, they
have their own drawbacks, including limited availability, higher operating time, chronic donor site pain,
and extra costs [4, 5]. Accordingly, development of novel and effective approaches for bone repair and
regeneration is of great importance for better treatment in these patients.

Platelets, also called thrombocytes, are cell fragments which participate in angiogenesis, vascular
remodeling and tissue repair and regeneration through releasing multiple growth factors and cytokines [2,
6, 7]. Platelet lysate [8] is a cocktail of growth factors obtained from the lysis of platelets concentrated in
a small volume of plasma and has been mainly used as fetal calf serum (FCS) replacement for cell
culture [9, 10]. When compared to other platelet derived products such as platelet-rich plasma (PRP), PL
contains higher amounts of cytokines, chemokines and growth factors and its preparation is more cost-
effective and relatively easier [11–13]. Another advantage is that it can be stored frozen for long time,
whereas PRP is thermo-sensitive and cannot be stored under 4°C [14].

Several in vitro studies have shown the potential of PL in enhancing wound healing process [15, 16].
Furthermore, it has already been used in several clinical trials for treatment of different disorders such as
diabetic foot ulcers [17], chronic venous ulcers [18], lumbar radicular pain [19], refractory lateral
epicondylitis [20], lateral epicondylitis [21], alopecia [22] and Oral mucositis [23]. It has also been
suggested that PL could be used as a supplement for proliferation and transplantation of mesenchymal
stem cells in Graft versus host disease (GvHD) corticosteroids resistant patients [24, 25].
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However, the role of PL in bone regeneration has not been properly determined. Therefore, the objective of
this study was to study the potential of PL in fracture healing in rabbits through analyzing the secretion
of pro-in�ammatory cytokines (IL-1, IL-6, TNF-α) and transforming growth factor β (TGF‐β) and their m-
RNA expression levels. We also decided to measure the mRNA expression levels of bone growth factors
including insulin-like growth factor (IGF), �broblast growth factors (FGF), vascular endothelial growth
factor (VEGF), and platelet-derived growth factor (PDGF), and also matrix metalloproteinases-3 (MMP-3)
and MMP-13, which involved in the active regulation of bone quality [26]. Ultimately, results achieved in
this study may provide novel insights into the involvement of PL in repair and healing of bone fracture.

Methods

Experimental Model
Forty 17-week-old male New Zealand rabbits with a mean weight of 3 kg were used in this study. All
procedures were carried out with the approved of the Ethics Committee of Tabriz University of Medical
Sciences (IR.TBZMED.VCR.REC.1398.070). The rabbits were housed individually in metal cages at a
temperature of 21°C and humidity at 50 %, and kept on a 12:12 light:dark cycle and acclimatized for two
weeks before the trial.

Preparation of rabbit Autologous Platelet Lysate (APL)
A protocol described by Soffer et al. [27] was applied for preparation of APL from the rabbits a week prior
to surgery. Brie�y, 10 ml of blood samples were obtained from the intermediate branch of the caudal
auricular vein of each rabbit and collected in Venoject tubes (3:1 (v/v) blood: ACD-A). Then, the tubes
were centrifuged at 1500 × g (10 min, 20°C) to isolate platelet pellets and subsequently, PRP was
removed and stored at -80°C. The packed platelets were resuspended to109 platelets/ml in isotonic
saline. After �ve repeated cycles of freezing thawing, each APL was centrifuged at 104 × g (1 h, 4°C) to
eliminate any derbies and leukocytes. Afterwards, the supernatant was collected and �ltered through 0.2
µm �lter and stored at -80°C for subsequent analysis.

Surgical Procedure
The rabbits were anesthetized by intramuscular administration of ketamine (100 mg/ kg), Diazepam (50
mg/kg) and metedomidine (25 mg/kg) combination in the hind limb. The surgical process was done
according to the study conducted by Soffer et al. [27]. A cylinder-shaped critical-size defect (10 mm deep,
5.5 mm wide) was created in the lateral condyle by using color-coded drills, following a longitudinal skin
incision in this site which was thoroughly rinsed with isotonic saline to eliminate bone fragments.
Afterwards, the exterior surface of the surgical site was disinfected and closed using skin �ap. Then, all
the rabbits received intramuscular administration of 0.2 mg/kg metoxicamn (Metakam Boehringer
Ingelheim Vetmedica GmbH, Germany) to reduce the postoperative pain each 24-h period. Prophylactic
antibacterial treatment, consisting of sulfadimethoxine trimethoprime at 25 mg/kg (Copylap Biove´,
France), was also administered for 5 days after surgery.



Page 4/15

APL administration
The rabbits were randomly assigned to two control and APL-treated groups, each having 20 animals. In
the APL-treated and control groups, the wound site �lled with 200 µl APL and Phosphate-buffered saline
(PBS), respectively.

Enzyme linked immunosorbent assay (ELISA)
The serum from the APL-treated rabbits and the control group were used for evaluating the concentration
of pro-in�ammatory (IL-1, IL‐6, TNF‐α) cytokines and TGF‐β (pg/ml) in days 0, 15, 30 and 60 by ELISA in
line with the manufacturer’s instructions (Mybiosource, San Diego, USA). All samples were assessed in
duplicate to improve accuracy. Absorbance values were measured by a microplate reader, and the
concentration of cytokines was analyzed according to the standard curves.

RNA extraction, complementary DNA preparation and Real-
Time quantitative polymerase chain reaction (RT-qPCR)
To investigate the effect of APL on fracture healing, we studied the gene expression levels of IL-1, IL‐6,
TNF‐α, TGF‐β, MMP-3, MMP-13, IGF, FGF, VEGF and PDGF in the APL-treated rabbits and the control group
in days 0, 15, 30 and 60. Total RNA was extracted from the PBMCs using RNX-PLUS Solution (SinaClon,
Tehran, Iran) and complementary DNA (cDNA) was synthesized by random hexamer, oligo(dT) primers,
and M-MLV (H-) Revert Aid Reverse Transcriptase kit (Thermo Fisher, Waltham, MA). Concentration and
purity of RNA content was evaluated by Nano-Drop spectrophotometer (Agilent Technologies, USA). RT-
qPCR was performed on a Light Cycler 2.0 Real-Time PCR System machine (Roche Applied Science,
Germany) using speci�c forward and reverse primers and SYBR Green dye (Roche, Germany). GAPDH
was used as the reference gene for normalization of mRNA expressions. The relative expression of
mRNAs was evaluated by the threshold cycle (Ct) value, according to the 2 −ΔΔCT method in each sample.
For ampli�cation con�rmation, we used electrophoretic analysis on 2% agarose gel and the DNA
sequencing (SEQLAB, Germany). The primer sequences are presented in Table 1.
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Table 1
Primers for real-time polymerase chain reaction (RT-PCR)

Gene Primer Sequence (5′ → 3′)

IL-1 Forward

Reverse

GACCTTCCAGGATGAGGACA

AGGCCACAGGTATTTTGTCG

IL-6 Forward

Reverse

TCTCCAGCAACGAGGAGAAT

TGTGATCTGAAACCTGCTGC

TNF-α Forward

Reverse

GCTGCACTTCAGGGTGATC

CTTGTTCGGGTAGGAGACG

TGF-β Forward

Reverse

GCA AGG ACC TGG GCT GGA A

AGT AAC ACG ATG GGC AGT GGC

IGF Forward

Reverse

TCT GCG GTG CTG AGC TGG TG

TGC CTT TGC CGG CTT GAG GG

FGF Forward

Reverse

GGA GAA GAG CGA CCC ACA CAT CA

TAG CCT TCT GCC CAG GTC CTG TT

VEGF Forward

Reverse

CGC AGC TAC TGC CAG CCG AT

GCA CCA GAG GCA CGC AGG AA

PDGF Forward

Reverse

TGC ACC GGC TCA TCC TCG TCT A

GTC ATC TCG CCG GAG ATT GGC GTT G

MMP-3 Forward

Reverse

CTG GAG GTT TGA TGA GAA GA

CAG TTC ATG CTC GAG ATT CC

MMP-13 Forward

Reverse

GCA GCA GTC TCC AGG CAC GG

TCA GGG ACC CCG CAT CTC GG

GAPDH Forward

Reverse

TCA CCA TCT TCC AGG AGC GA

CAC AAT GCC GAA GTG GTC GT

Statistical analysis
Statistical analysis and drawing the graphs were done using GraphPad Prism (version 9.0.0). The
normality of data distribution was assessed using the Kolmogorov-Smirnov test. Also, unpaired t test was
applied to compare the quantitative variables between the studied groups. Descriptive data were in the
form of mean ± standard deviation (SD) and P < 0.05 was reported to be statistically signi�cant.
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Results

Serum secretion levels of cytokines (IL-1, IL‐6, TNF‐α and
TGF‐β)
According to the Fig. 1, the levels of IL-1 cytokine in the serum of the APL-treated rabbits were lower in
days 15 (P = 0.026), 30 (P = 0.0074) and 60 (P = 0.039) compared to the control group. Our results also
indicate that IL‐1 secretion reduced in days 30 (P = 0.014) and 60 (P = 0.0073) compared with day 15 in
the APL-treated group.

Our investigations also showed a signi�cant decrease in the levels of IL-6 cytokine in days 15 (P = 
0.0012), 30 (P < 0.0001) and 60 (P = 0.0048) in the APL-treated group in comparison with the controls. In
addition, we indicated that IL‐6 secretion was noticeably lower in day 60 compared with day 15 in the
APL-treated rabbits (P = 0.0013), but it was not signi�cant in day 30 (P = 0.054). Figure 1 also show a
signi�cant increase in IL‐6 level in day 15 (P < 0.0001) and 30 (P = 0.0004) as compared with day 0 in the
control group. However, it was signi�cantly reduced in day 60 than that of 15 (P < 0.0001).

The level of TNF-α was also lower in the APL-treated group compared with the controls in days 15 (P = 
0.0002), 30 (P = 0.0078) and 60 (P = 0.013). Besides, it was demonstrated that TNF-α secretion was
meaningfully decreased in day 60 as compared with day 15 (P = 0.0078) in the APL-treated group.
Additionally, the level of this cytokine was increased in day 15 (P = 0.0008) than that of day 0 and then it
was signi�cantly decreased in day 30 (P = 0.0038) and 60 (P < 0.0001) in comparison with day 15 in the
control group.

In contrast, it was revealed that the serum levels of TGF-β was considerably increased in rabbits treated
with APL in days 15 (P = 0.0001) and 30 (P < 0.0001) as compared with the control group, but the
difference was not statistically signi�cant in day 60 (P = 0.409). Our data also showed that the level of
TGF‐β secretion was noticeably increased in APL-treated group in days 15 (P = 0.0003), 30 (P = 0.0001)
and 60 (P = 0.029) than that of day 0. Furthermore, no signi�cant change was found in the control group
in day 15 (P = 0.834) in comparison with day 0, but it was elevated in days 30 and 60 (P = 0.028 and P = 
0.027, respectively).

mRNA expression level of cytokines (IL-1, IL‐6, TNF‐α and
TGF‐β) and other related genes (MMP-3, MMP-13, IGF, FGF,
VEGF and PDGF)
IL-1, IL‐6, TNF‐α, TGF‐β, MMP-3, MMP-13, IGF, FGF, VEGF and PDGF mRNA expressions were evaluated in
the PBMCs obtained from APL-treated and untreated rabbits in days 0, 15, 30 and 60.
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As demonstrated in Fig. 2, a signi�cant reduction was found in the level of IL-1 in days 15 and 30
between the APL-treated and control group (P = 0.023 and P = 0.026, respectively). Furthermore, in the
APL-treated group, this cytokine was considerably decreased between days 15 to 60 (P < 0.0001). We also
showed in Fig. 2 that IL-6 level was lower in the APL-treated group in comparison with the control in day
15 (P = 0.0003) and day 30 (P = 0.032). The mRNA expression levels of TNF-α also recognizably reduced
in APL-treated rabbits compared to the controls in days 15 (P = 0.0062), 30 (P = 0.0028) and 60 (P = 
0.0006). Moreover, we showed that the decrease between the mRNA expression levels of this cytokine
was signi�cant in the APL-treated group between days 15 to 30 (P = 0.0048) and 60 (P < 0.0001). As
demonstrated in Fig. 2, the expression levels of TGF‐β was also higher in the APL-treated group than that
of controls in days 15 (P = 0.0001) and 30 (P = 0.0001) and 60 (P = 0.04). Our results also indicated that
this growth factor meaningfully increased from day 0 to 15 (P = 0.008), 30 (P < 0.0001) and 60 (P = 
0.0003).

Furthermore, the mRNA expression levels of MMP-3 were elevated in the APL-treated group as compared
with the control group in days 15 (P < 0.0001), 30 (P < 0.0001) and 60 (P < 0.0001) (Fig. 3) and the
expression of MMP-13 was also higher in the treated rabbits in days 15 (P < 0.0001) and 30 (P < 0.0001).

Results from this study also indicated that the expression level of IGF, FGF, VEGF and PDGF increased
signi�cantly from day 0 to 15 (P = 0.0001, P = 0.0054, P = 0.002 and P = 0.027, respectively). Besides, their
level was considerably elevated from day 0 to 30 (P < 0.0001, P < 0.0001, P = 0.0002 and P < 0.0007,
respectively) and 0 to 60 (P = 0.0003, P < 0.0001, P = 0.0004 and P < 0.0005, respectively, Fig. 4).

Discussion
Among various procedures which have been applied for regeneration or repair of bone damages or
fracture healing, platelet derived products such as PLs have achieved notable attention because of high
amounts of cytokines, chemokines and growth factors as well as easy preparation and low costs [28].
Currently, relatively little is known about the role of APL in bone fracture healing.

Several other studies have also examined the e�cacy of PL on bone repair or formation. In two studies
conducted by Chakar et al., the impact of APL was evaluated on regeneration of rabbit’s femoral and skull
bone [29, 30]. They suggested that APL could have bene�cial role on vertical bone formation and
regeneration. Besides, it was shown that PL in combination with Biphasic calcium phosphate or
demineralised bovine bone mineral do not provide any additional effect. In another investigation, Soffer
et al. (2006) found that APL, in combination with calcium carbonate ceramic particles could elevate
resorption and bone formation in both femurs and calvaria bones in rabbit models [27]. Babo, Carvalho,
et al. (2016) also assessed the potential of PL integrated with calcium phosphate cement increased
cement on bone formation in rats with calvarial defects. According to the results, no signi�cant changes
were found in the absence of PL [31]. It has also been demonstrated that human PL coating on scaffolds
combined with mesenchymal stem cells, could enhance neovascularization and bone formation [32]. In
another study conducted by Centeno et al. (2017), PL was used as a promising choice for treatment of
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lumbar radicular pain [33]. It has also been observed that APL percutaneous injection could be a new
therapeutic candidate for the treatment of non-union or delayed healing fractures [34].

According to the evidence, PL-derived cytokines, growth factors and adherence molecules could result in
bone regeneration through differentiation, proliferation, angiogenesis and migration of cells to the
in�ammatory site [28]. Therefore, in this study we investigated the impact of APL in fracture healing in
rabbits through evaluating of the pro-in�ammatory cytokines including IL-1, IL-6 and TNF-α. Our results
indicated that the level of these cytokines was signi�cantly lower in APL-treated group than that of the
controls. In accordance with these �ndings, we illustrated that the m-RNA expression level of IL-6 and
TNF‐α was also decreased after 2 weeks in APL-treated rabbits in comparison with the control group.
TGF‐β is an anti-in�ammatory cytokine involved in osteoblasts differentiation, migration and promotion
of angiogenesis along with other platelet factors [35]. According to the results of this study, a signi�cant
elevation in secretion and m-RNA expression of TGF‐β were found in APL-treated rabbits compared with
the controls. Thus, our results support the concept that regulation between anti- and pro-in�ammatory
cytokines released from APL may result in bone regeneration.

IGF, FGF, VEGF and PDGF are other PL growth factors which are essential for bone regeneration and have
synergistic and proper effects when combined together [28]. Our study also found that these factors
considerably increased after 60 days in APL-treated group. MMP-3 and MMP-13 are two other PL factors
which act as regulator of bone quality, considerably increased in APL-treated rabbits up to day 60.

Conclusion
Taken together, the results of this study proposed that APL can possess essential role in bone fracture
healing. We showed that decreased levels pro-in�ammatory cytokines such as IL-1, IL-6 and TNF-α and
up-regulation of as anti-in�ammatory cytokine (TGF‐β) can result in bone fracture healing. Furthermore,
our �ndings indicate a notable increase in the levels of growth factors including IGF, FGF, VEGF and PDGF
and MMP-3 and MMP-13 which are of great importance in bone regeneration. Basically, results archived
in our study provide a novel treatment opportunity for bone fracture healing.

Abbreviations
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Figures

Figure 1

Serum secretion levels of cytokines (IL‐1, IL‐6, TNF‐α and TGF‐β) in APL-treated rabbits in comparison
with the control group in days 0, 15, 30 and 60. The secretion of IL‐1 was signi�cantly lower in APL-
treated rabbits in days 15 (P= 0.026), 30 (P= 0.0074) and 60 (P= 0.039). The secretion of IL‐6 was also
signi�cantly lower in these rabbits in days 15 (P= 0.0012), 30 (P< 0.0001) and 60 (P= 0.0048) and TNF‐α
secretion was reduced in APL-treated rabbits than that of controls in days 15 (P= 0.0002), 30 (P= 0.0078)
and 60 (P= 0.013). d) However, TGF‐β showed an increase in days 15 (P= 0.0001) and 30 (P= 0.0001) in
rabbits treated with APL. Provided as mean ± SD (APL-treated rabbits, n = 20, control group, n = 20), p <
0.05 was regarded as statistically meaningful in the results.
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Figure 2

mRNA expression level of cytokines (IL‐1, IL‐6, TNF‐α and TGF‐β) in APL-treated rabbits in comparison
with the control group in days 0, 15, 30 and 60. The mRNA expression of IL‐1 was lower in APL-treated
rabbits in days 15 (P= 0.023) and 30 (P= 0.026). The mRNA expression of IL‐6 was also signi�cantly
lower in these rabbits in days 15 (P= 0.0003) and 30 (P= 0.032) and TNF‐α expression was reduced in
APL-treated rabbits than that of controls in days 15 (P= 0.0062) and 30 (P= 0.0028) and 60 (P= 0.0006).
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d) However, TGF‐β showed a signi�cant elevation in days 15 (P= 0.003), 30 (P< 0.0001) and 60 (P= 0.04)
in rabbits treated with APL. Provided as mean ± SD (APL-treated rabbits, n = 20, control group, n = 20), p <
0.05 was regarded as statistically meaningful in the results.

Figure 3

mRNA expression level of MMP-3 and MMP-13 in APL-treated rabbits in comparison with the control
group in days 0, 15, 30 and 60. The mRNA expression of MMP-3 and MMP-13 was higher in the APL-
treated rabbits as compared with the control group in days 15, 30 and 60 (P < 0.0001).
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Figure 4

mRNA expression level of IGF, FGF, VEGF and PDGF in APL-treated rabbits in days 0, 15, 30 and 60. The
expression level of IGF, FGF, VEGF and PDGF elevated after 15 days (P = 0.0001, P = 0.0054, P = 0.002
and P = 0.027, respectively). Besides, their level was noticeably increased from day 0 to 30 (P < 0.0001, P
< 0.0001, P = 0.0002 and P < 0.0007, respectively) and 0 to 60 (P = 0.0003, P < 0.0001, P = 0.0004 and P <
0.0005, respectively). Provided as mean ± SD (APL-treated rabbits, n = 20, control group, n = 20), p < 0.05
was regarded as statistically meaningful in the results.


