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Abstract Nano-tricalcium phosphate (n-TCP) is an osteoconductive substance which, like poly-

caprolactone (PCL), has been used for clinical purposes for many years; It has now been licensed

for a range of products for clinical and medication distribution. This research aimed to examine the

effects of platelet-rich plasma on mesenchymal stem cell proliferation and osteogenic differentia-

tion. Thus, we decided to examine the in vitro and in vivo actions of PRP-treated porous biocom-

posite scaffolds based on nano-tricalcium phosphate- polycaprolactone (n-TCP-PCL/PRP). The

prepared samples were described utilizing FTIR, XRD, and SEM. MTT has measured the cytotox-

icity of the biocomposite scaffolds. After two weeks of cell seeding, Alizarin red staining confirmed

bone mineral formation by MSCs cells. Moreover, from day 4 to day 7, n-TCP-PCL/PRP biocom-

posite scaffold improved the expresses of bone marker genes. Platelet-rich plasma (PRP) in conjunc-

tion with nano-tricalcium phosphate- polycaprolactone (n-TCP-PCL) biocomposite scaffold is

beneficial for the regeneration and stability of the freshly developed bone tissue.
� 2020 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Bone and teeth can recover and redesign for the duration of
human life. Under biological conditions, an animal skeleton
stays in a condition of dynamic balance between steady, con-

tradicting procedures of resorption of bone tissue and bone
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formation (Chen et al., 2020; Murugan et al., 2018). Due to
such physiological action, there is a balance between the sub-
stance of PO4

3� ions and Ca2+ in hard tissue (Xing et al.,

2020). Such regulation frameworks are the ones that have
the potential for bone fracture repair (Subramanian et al.,
2019). In the case of a person, around ten percent of bones

should be removed within one year (Behera et al., 2020).
Under some limits, where bone restoration is required, these
properties enable the cohesion of the tissue and its subsequent

rebuilding, the so-called remodeling, to be replicated to con-
firm its structure to the local circumstances. Remodeling takes
place as a consequence of mechanical forces operating on the
skeleton according to Delpech and Wolff ’s rule (Afolabi

et al., 2019).
The osteo-conducting properties of the bone mineral mate-

rial mean that they can act as a micro-skeleton for bone tissue

cells. A bone has also osteoinductive effects, which is to say it
induces indistinct mesenchymal cells to divide into osteoblasts
(Abdelrazik et al., 2019). This arises with the involvement of

local articular cartilage renovating hormones, namely prosta-
glandins, protein growth factors, and cytokines (Shakir
et al., 2018). Indeed, there are conditions in clinical practice

where biochemical prospects for healing bone tissue are
exhausted. There are bone lesions that are created and do
not self-repair without surgical intervention which may require
a very long time to heal. Bone defect development can be the

product of post-traumatic changes, pathological fracture heal-
ing with pseudoarthrosis development, post-inflammatory
changes, and tumor-like tumor lesions (Fernandez de Grado

et al., 2018; Ho-Shui-Ling et al., 2018). In such situations, vet-
erinary and medical orthopedics as well as surgical dentistry
dealing with treatment of bone tissue lesions are faced with

the necessity to repair bone defects to restore the continuity
of tissue and to regain fitness (Skwarcz et al., 2019). Defect
replacements may be performed, for instance, with auto by

allogeneic grafts or a bone transplant maker in other cases.
The above-mentioned strategies are restricted by the defect
scale, the larger the defect, the more complicated the treatment
is to treat. The clinical history indicates that while autogenic

grafts typically heal well in the region of the injury, this cycle
is also unreliable in the case of allogeneic grafts and bone
replacements (Carlo et al., 2020). This idea prompted efforts

to search for methods to improve bone replacement
osseointegration.

Human bone is a natural substance composed of organic

structures such as collagen and extracellular matrix (ECM)
linked to glycoprotein and ceramics with calcium phosphate
(Ventura et al., 2020). To minimize its relative degradation
drawbacks, we experimented with the use of tricalcium phos-

phate (TCP) as an additive to see how it would affect the poly-
caprolactone (PCL) decay rate. Tricalcium phosphate is a
bioceramic substance commonly used for bone tissue regener-

ation; it has a chemical structure close to the naturally occur-
ring hydroxyapatite in hard tissue and has been widely used as
a bone grafting medium (Zheng et al., 2019; Guiry, 2019;

Wright et al., 2019). While TCP has numerous favorable fea-
tures that suggest its medical usage, it also has limitations that
have proved troublesome. For instance, shipping to the correct

location is difficult, because it is difficult to compress suffi-
ciently as it is fairly fragile. Throughout recent years, attempts
have been made to address these drawbacks, contributing to
the usage of some polymers which have the potential to
strengthen TCP handling properties (Tian et al., 2019; Wang
et al., 2019). For this analysis PCL was selected. Due to its
cost-effectiveness, longevity, outstanding biocompatibility

and biodegradability, PCL has already been licensed for a
range of medical and drug delivery systems and is already com-
monly used for tissue recovery. Throughout the human body,

PCL dissolves with no adverse effects over a while; it typically
requires from six months and two years and decay throughout
Vivo, based on its molecular weight. PCL is good mechanical

strength and low biodegradability brings numerous benefits
to PCL-based biomaterials for use in long-term hard regener-
ative medicine. Nevertheless, biomaterials and composite
materials based on PCL do have certain drawbacks due to

their slow pace of degradation and lack of bioavailability, thus
limiting their use in hard regenerative medicine (Didekhani,
et al., 2020). Surmenev et al. (2019) have studied scaffolds with

Sr-HA or silicate containing PCL biocomposite are believed to
hold promise for bone tissue regeneration as compared to scaf-
folds containing pure HA. In this way, Melnik et al. (2019)

investigated The hybrid PCL/SrHA scaffolds revealed
increased wet ability compared with pure PCL scaffolds that
promoted the penetration of PBS into the scaffolds and

increased their degradation rate in vitro. Many improvements
would need to be learned to solve such limits.

The usage of autogenous fibrin glue and platelet-rich
plasma, respectively, in mandibular production, was first

described by Tayapongsak et al. (1994) and subsequently by
Marx et al. (1998). Platelets may be a source of the aforemen-
tioned signaling molecules, and others (Fuentes et al., 2019).

While releasing factors involved in coagulation and fibrinoly-
sis, proteolytic enzymes, and antibacterial proteins, thrombo-
cytes are a source of cytokines that aid in the process of

regeneration of bone tissues (Ramirez et al., 2019). Platelet-
rich plasma is used for a broad variety of purposes both in ani-
mal and clinical medicine. Throughout clinical research, this is

used for the diagnosis of soft tissue disease, especially ente-
sopathy and tendinopathy, in accepted surgical procedures
(Evenski et al., 2019). Nevertheless, it may also be used indi-
vidually or as a form of adjuvant therapy in the care of bone

tissue, cartilage, soft tissue fractures, cosmetic medicine, and
dentistry associated pathologies. However, its efficacy is often
doubtful in other signs (Smith et al., 2019). Relatively further

questions arose regarding its efficacy in managing an injury to
the bone.

Concerning these factors, this study aimed to produce a

biocomposite scaffold of appropriate osteoconductivity; thus,
for bone tissue engineering applications the authors built a
biocomposite made of n-TCP-PCL/PRP scaffolds.

2. Materials and method

2.1. Preparation of n-TCP-PCL biocomposite

n-TCP is prepared with Ca(OH)2 and H3PO4 as discussed in
past studies (Sarkar et al., 2019) utilizing wet precipitation

path. The TCP-PCL biocomposite fabric utilized in this inves-
tigation was acquired by employ a hybrid-defoaming blender
to combine TCP and PCL with biocomposite weight propor-

tion of 50:50 for 15 min, after which the combination was
ball-milled in alcohol using ethyl liquor employing a centrifu-
gal ball process for 4 h. Then the TCP-PCL biocomposite was
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formed into a Teflon mold and put for 45 min in a 100 �C hot
air oven. All chemicals were purchased from Sigma-Aldrich
(Shanghai, China) and used without further purification except

when mentioned specifically.

2.2. Preparation of n-TCP-PCL/PRP biocomposite

At room temperature, the preparation of activated PRP 50 mL
of human plasma was centrifuged for 10 min and the super-
natant was discarded. Activated PRP was fabricated for every

20 mL of PRP solution by adding 500 lL of CaCl2 10% w/v
(Sadeghinia et al., 2019; Tang et al., 2019). The sterilized n-
TCP-PCL composite with UV radiation is submerged in the

PRP mixture and then incubated at RT in a vacuum oven to
catch air bubbles and allow homogeneous PRP diffusion
within the biocomposite.

2.3. Characterization

2.3.1. Physicochemical analysis

SEM (SEM, TM-4000, Hitachi, Tokyo, Japan) was used to
examine the structure and pore size of prepared scaffolds. As
described elsewhere, the physicochemical characterization of

the scaffolds was performed through porosity, swells, flow rate
and pore size analysis. X-ray diffraction was used to analyze
the composition of the n-TCP and biocomposite scaffold
(Rigaku D/MAX-RB, Japan).

2.3.2. Biocompatibility assay

Cell proliferation was assessed by the MTT test. Based on this

assess, livelihood cells can in the attendance of effective mito-
chondria reduce the MTT substrate to dark blue formazan and
thus are a precise cell proliferation determine for a culture. To
experiment, 50.000 cells/well are seeded in and grown in a 96-

well system and incubated for one, five and fourteen days at
37 �C. After that time, the specimen was taken away to 96-
well platforms and MTT included to them at 37 �C for 5 h

before the incubation processes were completed. The MTT
solution has been separated and the violet formosan crystals
dissolved with DMSO.

2.3.3. Osteogenic differentiation

Alkaline phosphatase (ALP) activity was used to study the
osteogenic differentiation of mesenchymal stem cells seeded

on biocomposite. The staining of Alizarin Red Staining
(ARS) was performed to determine osseous mineralization.
ARS staining is commonly used to test cell deposits of high

calcium in culture content (Gregory et al., 2004).

2.3.4. Gene expression

A quantitative continuous invert translation polymerase chain

response strategy was utilized. In the wake of refined in the
osteogenic mode for 4 and 14 days, the all-out cell RNA of
cells were separated by methods for TRIzol reagent as indi-

cated by the producer’s convention. Turn around interpreted
to cDNA was completed utilizing the cDNA Synthesis Kit.
The focus and nature of disengaged RNA were resolved
dependent on OD esteem 260/280 proportion, and its quality

was evaluated on agarose gel electrophoresis. Following con-
verse interpretation, cDNA was measured on a constant
PCR discovery framework. Relative articulation for each tar-
get quality was determined to utilize the �2DDCt strategy.

2.3.5. In vivo analysis

All experiments involving the use of animals were carried out
following the Institutional Animal Care and Use Committee of
the Department of Orthopedics and Trauma, Shandong

Provincial Qianfoshan Hospital, Shandong University. Hares
were set in the prostrate position and the lower arms were
shaved, prepared, and hung for an aseptic medical procedure.

A 4 cm, the dorsomedial entry point was made, and the tissue
overlying the mid-shaft of the span was carefully dismembered.
A 2 cm fragment of the sweep and overlying periosteum was

respected utilizing an electrical saw, and a sheet of dialysis film
was put on the presented ulna to keep bone development from
the ulnar exterior. The biocomposite was pressed inside the

imperfection. The encompassing muscles and belt were fixed
accurately utilizing absorbable polyglactin sutures to keep uni-
tes from relocating out of the endless supply of the creatures.
The skin was shut with persistent running nylon sutures. Post-

operatively, hares were infused intramuscularly with gentam-
icin and they were permitted to walk uninhibitedly in their
confines. Histological assessment for desorption of the joined

bone granule, the level of fresh bone development, the develop-
ment design including proof of early redesigning and any
unfriendly incendiary reaction was performed utilizing an

Olympus BX51 microscope instrument.

2.4. Statistical analysis

The data were obtained at least in triplicate (n = 3), averaged
and expressed as the mean ± standard deviation (SD). Com-
putation of statistical signifcance between four types of sam-
ples was analyzed using one-way ANOVA with a post hoc

Tukey’s HSD test provided by the Statsmodels module for
the Python programming language.
3. Results and discussion

3.1. Physicochemical characterization

The FTIR spectra in Fig. 1A demonstrated PO4
3� groups at

555 and 606 cm�1 and as well as 1021 and 1119 cm�1 in the

two materials, which are normal for n-TCP. The wide adsorp-
tion tops around 1090 cm�1 in biocomposite are ascribed to
the PAO extending vibration methods of the PO4

3� groups

(Viswanathan et al., 2019). The peaks at 560 and 605 cm� 1

are credited to the PAO bowing vibration of crystalline
PO4

3� bunches in n-TCP crystals. The biocomposite scaffolds
FTIR spectra (Fig. 1A) display the major polycaprolactone

peaks as follows: 2886 cm�1 and 2986 cm�1 (symmetric CH2

and asymmetric CH2 stretching vibration, respectively),
1787 cm�1 (C‚O stretching), 1280 cm�1 (CAC and C‚O

stretching), and 1157 cm�1 (C‚O and CAC stretching in the
amorphous phase) (Hirose et al., 2002; Elzein et al., 2004).
The n-TCP spectra displayed typical peaks at 622 cm�1

(OHA group libration), at 605 and 567 cm�1 (corresponding
to phosphate group bending vibrations). Regardless of the
overlap with the apex of the stretching vibration C‚O, the

high peak at 1019 cm�1 assigned to the phosphate group



Fig. 1 (a) FTIR spectrum; (b) XRD patterns of n-TCP and biocomposites; (c) SEM-EDX images of prepared samples.
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present in n-TCP was not observed in the biocomposite scaf-
fold spectra (Melnik et al., 2019).

All prepared samples showed the typical diffraction peaks

of TCP crystal (JCPDS 090169) (Maheshwari et al., 2018)
(Fig. 1B). The X-ray diffraction patterns had diffraction plane
(220), (111) and (110) corresponding to the 23.6�, 21.8�, and
21.4� reflection of polycaprolactone. At diffraction plane

(300), (112), and (211), which were allocated 32.9�, 32.3�,
and 31.5�, the most intense reflections attributable to n-TCP
nanoparticles have been identified (Shkarina et al., 2018)

(Fig. 1B). All peaks correlate with the reported results in
strong association (Bittiger et al., 1970; Caicedo et al., 2020).
The findings obtained with the FTIR and XRD spectroscopy

support the effective integration of n-TCP in the PCL/PRP
biocomposite system.

The morphology and pores size of the prepared biocompos-

ite scaffolds were imaged utilizing scanning electron micro-
scopy (Fig. 1C). All the prepared biocomposites of scaffolds
were permeable with pore size in the scope of 50–500 mm.
The addition of PRP didn’t influence the pore size of the bio-

composite scaffold. n-TCP-PCL and n-TCP-PCL/PRP bio-
composites had normal porosity of 73.8 ± 5% and
81.5 ± 4% respectively, as assessed by the cyclohexane tech-

nique. Scanning electron microscopy examination of the bio-
composites revealed consolidation of PRP into the scaffold
network and dividers, because of which biocomposite had
unpleasant surface and much grainy and permeable engineer-
ing when contrasted with n-TCP-PCL biocomposite which is

having smooth dividers (Fig. 1C). Surface roughness is also
established to boost cellular proliferation and distribution;
the rough surface of the n-TCP-PCL biocomposite may help
to improve cell attachment and diffusion (Siddiqui et al.,

2020). Pore size research on scanning electron microscopy pho-
tos using image J showed that biocomposites are around 50–
230 lm in macroporous pores (Zhou et al., 2017). The ideal

pore size for osteoleitration was 150–500 lm respectively, pro-
posed by Hulbert et al. (1972) and Flatley et al. (1983). The
solvent convective flow describes pore-connectivity, as defined

by the flow study of porous skin, and describes the capacity of
porous skin to enable the transportation of blood and nutri-
ents (Liu et al., 2019; Wang et al., 2020).

Fig. 1C represents the SEM-EDX spectra for n-TCP, n-
TCP-PCL, and n-TCP-PCL/PRP, respectively. The EDX spec-
tra described the peaks of elements Ca, P, C and O, and their
qualitative abundance in n-TCP, n-TCP-PCL, and n-TCP-

PCL /PRP. Based on the EDX spectra, the Ca/P weight ratio
for n-TCP, n-TCP-PCL, and n-TCP-PCL/PRP was calculated
and was found to be 1.52, 1.56 and 1.48, respectively; the

resulting values are reliable with earlier values accounted else-
where (Venkatesan and Kim, 2010; Donate et al., 2020). The
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EDX finding in Fig. 1C reveals that during the milling phase
no impurities are introduced into the biocomposites, which
indicates that solid-state shear friction is a simple and effective

method to distribute TCP particles through the PCL matrix.

3.2. Cell proliferation assay

The impacts of the n-TCP, n-TCP-PCL, and biocomposite (n-
TCP-PCL/PRP) on the expansion and cell practicality were
evaluated utilizing an MTT assay. The outcomes in Fig. 2a

demonstrated that cell proliferation on various samples was
comparable on day one. Cell proliferation from n-TCP-PCL
and biocomposite, however, was altogether more significant

than that of the control samples on all days. There was no
huge contrast between the n-TCP-PCL and biocomposite in
any of the examined days. On day 14, the mesenchymal stem
cells presented to the n-TCP-PCL/PRP biocomposite indicated

an expansion in cell multiplication in contrast with n-TCP. The
results showed that PRP can positively affect the proliferation
of mesenchymal stem cells (Fig. 2a). Recent literature proposes

that PRP invigorates the expansion of different begetter and
undifferentiated cells (Reddy et al., 2018; Hoberman et al.,
2018; Fernandes and Yang, 2016).

3.3. Live/dead cell assay

To observe the cell reaction to the biocomposites, we utilized
the control and PRP based biocomposites, which had compar-

ative pore geometry. To start with, we performed live/dead cell
tests utilizing mesenchymal stem cells preosteoblasts to decide
cell viability on the biocomposite scaffolds. The estimation was

led for a few periods (4 days, and 14 days). As presented in
Fig. 2b, most cells on both the biocomposites were all around
connected, multiplied, and feasible until 14 days of cell incuba-

tion. Also, the cell viability for both the biocomposites was
comparative and high, showing that the biocomposite was safe
biomaterials (Fig. 2b).

In contrast to the MSCs cells on the n-TCP-PCL, the load-
ing of platelet-rich plasma on/in the biocomposite scaffolds
has shown to improve stem cell feasibility. However, the n-
TCP-PCL/PRP scaffolds were able to trigger the division of

stem cells through endothelial and osteogenic groups, without
supplying any supplements. This was confirmed by early bone
indicators such as ALP and endothelial indicators such as
Fig. 2 (a) Cell viability (*p < 0.05); (b)
nitric oxide and VEGF (Shamaz et al., 2015; Masoud et al.,
2012; Ghasemi and Zahediasl, 2012; Bocci et al., 2001).
Nonetheless, further work to establish the full differentiation

of stem cells into endothelial and osteoblasts cells should be
performed. Platelet-rich plasma usually has a beneficial impact
on osteoblast-like cells, since it activates a combination of

growth factors such as TGF-band PDGF to activate cells
(Bir et al., 2009). Several kinds of research have also shown
platelet-rich plasma mediated proliferation of osteoblasts by

utilizing fetal bovine serum. Consequentially, owing to the
involvement of signaling pathways such as VEGF and PDGF,
platelet-rich plasma has shown to facilitate the development of
endothelial cells and the creation of blood vessels (Kurita

et al., 2011).

3.4. Mineralization assay

The osteogenic differentiation of mesenchymal stem cells
seeded on n-TCP-PCL biocomposite with PRP was analyzed
by alizarin red S (ARS) staining, surely understood as a late

marker of osteogenesis, to determine network mineralization.
Following 14 days of incubation, the concentration of ARS
on the n-TCP-PCL biocomposite with PRP was essentially

higher than that of different groups. In this manner, n-TCP-
PCL/PRP biocomposite showed the most remarkable bone
mineralization among the groups (Fig. 3a).

These findings suggested, in other terms, that the platelet-

rich plasma-treated biocomposite scaffold displayed greater
differentiation and mineralization than the control group.
PRP includes numerous growth factors including PDGF,

TGF-b1, and IGF that can stimulate regeneration of the bone
(Lu et al., 2008; Marx et al., 1998). However, with both in vitro
and in vivo studies, the effectiveness of platelet-rich plasma for

bone tissue regeneration remains unclear (Kasten et al., 2006;
Kasten et al., 2008a,b; Kasten et al., 2012). In an in vitro study,
the differentiation and proliferation of the platelet-rich

plasma-containing PCL and TCP biocomposite scaffold were
better than the non-PRP group (Kasten et al., 2008a,b).

The ALP activity among of the mesenchymal stem cells
incubation on n-TCP-PCL/PRP biocomposite increased essen-

tially with correlation with the n-TCP-PCL and control sam-
ples following 2 culture weeks. This augmentation
demonstrates that the mesenchymal stem cells gradually differ-

entiate into osteoblasts (Fig. 3b). Additionally, the differentia-
Live/dead cell assay of biocomposite.



Fig. 3 (a) ALP activities and (b) osteogenic differentiation of prepared samples (*p < 0.05).
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tion of the n-TCP-PCL biocomposite treated PRP was alto-
gether higher than n-TCP-PCL and control groups. Because
of the elevated rate of cell proliferation caused by the release

of PRP-derived growth factors including TGF-b1 and PDGF.
It is understood that the PDGF induces stem cell and osteo-
blast mitogenesis, which improves cell formation, and that
TGF-b1 triggers preosteoblast to proliferate and grow (Blom

et al., 2000; Sarkar et al., 2006). Based on the findings, we crit-
ically predicted the signaling molecules derived from PRP
could promote the differentiation and proliferation of pre-

osteoblast cells with CaP scaffold.

3.5. Gene expression

The relative gene expression of each fabricated samples con-
trasted with the control sample. As appeared in Fig. 4, the
expression of the genes BMP2 and RUNX2 expanded in the

n-TCP-PCL biocomposites that were treated with PRP in cor-
relation with the control group on day 4. Also, the expression
of all genes for the n-TCP-PCL/PRP, n-TCP-PCL, and n-TCP
samples demonstrated a huge increment contrasted and con-

trol group on day 14. The gene expression BMP2 likewise indi-
cated increment in the n-TCP-PCL/PRP samples contrasted
and all group on day 14. The n-TCP-PCL group on both 4

and 14 days didn’t have a huge contrast with a control group.
Osteoblast differentiation is regulated by classes of cytoki-

nes, receptors, cell proliferation, and other signal transduction

(Luttrell et al., 2019). Additionally, osteogenic cells started cell
division and maturation. Researchers introduced the develop-
ment of specific osteoblast markers, including genes such as

Runx2 and related protein mineralization processes such as
ALP, collagen type I, OC, OPN, and BMP-2. In PRP-seeded
biocomposite scaffolds, osteogenic-related expressions like
RUNX2, OC, and BMP2 were upreguled to rates higher than

in untreated biocomposite scaffolds (Kmiecik et al., 2015;
Sadeghinia et al., 2019). It should be remembered that the n-
TCP-PCL/PRP gene expressions were the strongest among

the various classes.

3.6. Histocompatibility study

In vivo animal model examination (Fig. 5) further showed that
the biocomposite advanced bone recovery and osteogenesis at
the interface between the biocomposite and the imperfection.
The T. blue stained segments demonstrated that new bone
was available in the biocomposite implanted model following

1st month. Following 3rd month, a thick new layer of bone
with osteocytes had shaped, showing incredible osseointegra-
tion between the biocomposite and the host tissue at the
boundary. Though, in the n-TCP-embedded model, there

was a prevalence of connective stringy tissue between the bio-
composite and the host ligaments at both times focuses. Con-
strained fresh bone was framed following 3rd�month

implantation. The histocompatibility outcomes showed miner-
alized osteoid in the biocomposite-embedded models at the
1st-month post-medical procedure, which commanded at the

interface between the host tissue and the embedded biocom-
posite following 3rd month. We demonstrate that not many
cells moved into the biocomposite because of the low degrad-

ability of TCP. A thick new bone layer at the interface of the
local bone and the biocomposite effectively fastened the plat-
form inside the imperfection site, and this gave burden-
bearing to the local tissue. Henceforth, through in situ miner-

alization, we developed a bioactive n-TCP layer inside the bio-
composite arrange that biodegradable polymer and PRP with
its osteoconductive and osseointegrated potential and there-

fore brought about direct holding of the framework to the host
bone and the incitement of new bone arrangement.

Many studies have shown that in vivo animals, calcium

phosphate (CaP) scaffolds with platelet-rich plasma and stem
cells have improved bone formation. On the contrary, a team
of researcher’s notes that PRP-CaP and TCP biocomposites

have no improved osteogenic characteristics relative to PRP-
free scaffolds in the animal model (Kasten et al., 2006;
Kasten et al., 2008a,b; Kasten et al., 2012; El Backly et al.,
2014). Sarkar et al. (2006) have stated that in the sheep model

for bone regeneration there is no substantial difference
between PRP specimens with or without them.

4. Conclusion

In this investigation, a bio-ceramic based scaffolds, comprising
of n-TCP-PCL mixer and PRP, was fabricated utilizing ball

milling. Despite the controversy over platelet-rich plasma sig-
nificance for bone tissue regeneration, the findings of our
in vitro study using preosteoblasts revealed that the platelet-



Fig. 4 Osteogenic gene expesssion in stem cell seeded on the prepared samples: (a) RUNX-2,(b) OCN, and (c) BMP2 expression at 4 and

14 days (*p < 0.05).

Fig. 5 Histological analyses of regenerated tissues.
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rich plasma-based biocomposite scaffold cell proliferation and
bone mineralization are substantially higher than those of the
control. The findings suggested that in terms of cell prolifera-

tion and differentiation the continuously released platelet-rich
plasma had beneficial effects on the preosteoblast cells. Based
on these findings our n-TCP-PCL/PRP biocomposite scaffold
can be used as an excellent biocompatible scaffold for the
restoration of bone tissue. Further work on the optimum
PRP-based scaffold preparation process, concentration, and

frequency of application is required. Besides, considers includ-
ing a more prominent number of subjects and bigger creatures
ought to be performed to assess the clinical pertinence of
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platelet-rich plasma. Therefore, to determine the therapeutic
importance of platelet-rich plasma-based scaffold, trials cover-
ing a greater number of samples and larger species will be car-

ried out.
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