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Abstract

Background and Aim: Fracture healing can cause serious complications, both preoperatively and postoperatively, including
malunion or non-union. Biomaterials can enhance the fracture healing process. This study aimed to compare platelet-rich
plasma (PRP)-chitosan and platelet-rich fibrin (PRF)-chitosan on the basis of biochemical parameters for fracture treatment
in rabbits.

Materials and Methods: This study involved 12 clinically healthy rabbits. After preparing PRP and PRF, a 3-mm bone defect
was created in the tibia of each rabbit. The animals were divided randomly into two groups (A and B). Group A received
PRP-Chitosan, and Group B received PRF-Chitosan. Bone healing was assessed using biochemical parameters (calcium
[Cal], phosphorus [P], serum alkaline phosphatase [ALP], and osteocalcin [Ocn]) at 2-, 4-, 6-, and 8-week postoperatively.
The data were compared using repeated-measures analysis of variance (p < 0.05) with Statistical Package for the Social
Sciences statistical software.

Results: Group-wise comparison showed no significant differences (p > 0.05) between the groups, except for ALP levels,
which were significantly higher in Group B than in Group A (p <0.05). In the week-wise comparison, there was a significant
difference between both groups, as Ca and ALP levels showed significant differences at all weeks postoperatively, whereas
Ocn showed a significant difference at 2- and 4-week postoperatively (p < 0.05). However, there was no difference in P
levels between the groups at any post-operative week (p > 0.05).

Conclusion: Both combinations enhanced bone regeneration. However, PRF-Chitosan is a better combination for bone
repair than PRP-Chitosan. There were some limitations of this study, such as a small sample size, only male rabbits were
used, and a lack of mechanical testing; these limitations should be addressed in future studies. The insights gained from
the present study may open a new approach to the use of a combination of biomaterials for bone healing, which should be
further investigated clinically and in other animal models as a future scope.
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Introduction

Rabbits are small animals and have been used
in many studies, including cardiovascular, physiolog-
ical, and orthopedic studies. The skeleton of a rabbit
is fragile; it accounts for almost 8% of its total body
weight and is prone to injury [1]. One of the leading
causes of disability is skeletal injuries, and one of the
major types of skeletal injuries is bone fracture. This
condition causes short-term morbidity but leads to
long-term localized complications and can ultimately
lead to delayed union or non-union. The timing and
method of fracture fixation and its management
remain controversial [2]. Different types of grafts are
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used to accelerate bone healing. The most widely used
graft is an autologous bone graft or autograft that is
removed from the ilium and is considered the gold
standard due to its osteogenic, osteoinductive, and
osteoconductive properties. However, the use of an
autograft taken from the ilium or any other donor site
is not always possible because of the limitations of
bone stock, the need for a second surgical procedure,
and possible complications, such as pain, infection,
additional scarring, and the risk of local sensitivity
alteration. Therefore, there is a need to develop more
efficient, safer, and effective surgical procedures for
bone repair. Thus, new technologies and advance-
ments are continually being added to the therapeutic
options of orthopedic surgeons [3].

Platelet-rich plasma (PRP) is a platelet-rich con-
centrate of plasma taken from the blood in a small vol-
ume. It comprises 95% platelets, 4% red blood cells
(RBCs), and 1% white blood cells [4]. PRP is a rela-
tively easy and inexpensive method for obtaining many
important growth factors involved in angiogenesis,

Veterinary World, EISSN: 2231-0916

2036


https://orcid.org/0009-0009-7701-8309
https://orcid.org/0000-0001-5086-4788
https://orcid.org/0000-0003-2258-410X
https://orcid.org/0000-0002-3151-3648

Available at www.veterinaryworld.org/Vol.17/September-2024/10.pdf

macrophage activation, mitogenesis, tissue repair,
and regeneration, and reducing post-operative com-
plications [5]. Moreover, these growth factors play
important roles in the proliferation, differentiation,
chemotaxis, and activity of bone cells during remod-
eling and fracture healing. In addition to these growth
factors, there are many bioactive proteins which are
responsible for attracting mesenchymal stem cells,
osteoblasts, and macrophages, which help in remov-
ing the dead degenerated tissue, enhance tissue healing
and regeneration. Platelets present in PRP accelerate
epidermal, epithelial, and endothelial regeneration.
They also increase collagen synthesis, angiogenesis,
and hemostatic response to injury and reduce dermal
scarring [4]. Besides these protein there are also some
other proteins, such as fibrin, vitronectin, and fibronec-
tin; these proteins increase cell adhesions, which act as
a matrix for connective tissue, epithelium, bone forma-
tion, and wound healing. The use of PRP in veterinary
medicine is of great interest for tissue repair [5].

Platelet-rich fibrin (PRF) is a second-generation
platelet derivative. It is prepared by slow centrifuga-
tion without the addition of additives. It consists of a
fibrin matrix, which is a derivative of a plasma mole-
cule, fibrinogen. The molecules present in plasma help
to coagulate during hemostasis. A fibrin monomer
is formed when thrombin acts on fibrinogen, which
polymerizes with other fibrin molecules to form fibrin
fibers and helps in healing. PRF is an autologous prod-
uct; thus, it minimizes the risk of immunological reac-
tions and cross infections. The alpha (o) granules of
platelets in PRF contain numerous growth factors that
play important roles in the initial healing phase [6].
PRF comprises a tetra molecular structure containing
stem cells, platelets, and cytokines. It acts as a bio-
degradable scaffold, facilitates microvascularization,
and guides the migration of epithelial cells to its sur-
face. PRF has great healing potential in soft tissues
and bone without causing any inflammatory reactions
and can be used alone or in combination with other
bone grafts. PRF promotes bone growth, maturation,
and hemostasis. PRF was first used in oral surgery [7]
and is considered a new generation of platelet concen-
trate. It has been demonstrated in in vitro studies that
PRF has great potential for the stimulation, prolifera-
tion, and differentiation of osteoblasts [8].

Chitosan is a naturally occurring biopolymer
derived from chitin. It is biocompatible, and because
of its porous microarchitecture, it can be used to pre-
pare structures and scaffolds. It can also combined
with other biomaterials to enhance bone healing.
Chitosan is biodegradable, and adhesive in nature and
has been widely used in many fields, such as tissue
engineering, pharmaceutical applications, biomedi-
cine, and surgery [9]. Nowadays, the pharmacological
stimulation of fracture healing is gaining more atten-
tion. Biomaterials such as chitosan are used more fre-
quently because they are non-living materials that can
be used in biomedical, medical, and many other fields.

In addition to that, the risk of immune-mediated rejec-
tion or disease transmission is minimized. Chitosan
stimulates the proliferation and maturation of osteo-
blasts, which play critical roles in bone formation.
It also minimizes the inflammatory response after
implantation. These findings suggest that chitosan is a
potential candidate for treating bone diseases such as
bone defects and fractures [10].

The bone healing process is evaluated based on
different biochemical parameters that fluctuate during
the healing process, such as calcium (Ca), which is
one of the main minerals present in bone, supports the
skeletal system, and plays an important role in many
physiological processes, including bone repair [11]. The
second most abundant mineral after Ca is phosphorus
(P), and its level changes during the bone healing [12].
In addition to these minerals, there are some proteins and
enzymes whose levels also vary in bone healing, such as
osteocalcin (Ocn) and alkaline phosphatase (ALP). Ocn
is produced by osteoblasts [13], whereas ALP is pro-
duced by the liver and osteoblasts [11]. Therefore, by
measuring the levels of the above-mentioned biomark-
ers, the bone healing process can be evaluated.

Developing new therapeutic modalities for frac-
ture treatment is essential to improve bone healing
outcomes. The treatment regimes currently in use
often cause long-term morbidity and postoperative
complications that can ultimately delay the process
of bone repair. Therefore, by adding advanced ther-
apies to the arsenal of veterinary orthopedics, we
can reduce the risk of unwanted side effects, shorten
recovery times, and improve bone regeneration. Both
PRP and PRF are rich sources of growth factors that
accelerate bone reconstruction and healing. Chitosan
is biodegradable, non-toxic, hydrophilic, and biocom-
patible in nature and can be combined with PRP and
PREF to increase their effectiveness and bioavailability
of growth factors for longer periods. These treatments
can ultimately reduce the duration of bone healing and
complications during fracture healing.

Therefore, the present study aimed to compare
the efficacy of PRP-chitosan and PRF-chitosan based
on biochemical parameters: Ca, P, Ocn, and serum
ALP for the treatment of bone defects in rabbits.

Materials and Methods

Ethical approval

This study was conducted under the guide-
lines issued by the ethical committee of University
of Veterinary and Animal Sciences (UVAS) No.
(DR/106) Dated 20/02/2023.

Study period and location

The study was conducted from August 2023 to
October 2023 at the Department of Veterinary Surgery
(DVS), UVAS.

Experimental animals
In this study, 12 healthy, active, adult male rab-
bits weighing 1.5-2.5 kg, regardless of breed, were
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bought from a local market in Lahore at least 14 days
before surgery. Preoperatively, all basic health param-
eters; including temperature, pulse, respiration, and
biochemical profile (Ca, P, Ocn, and ALP level) were
recorded. In addition to that, X-rays were also per-
formed to rule out any bone abnormalities.

Rabbits were randomly divided into two treat-
ment groups; (A and B) with six rabbits per group.
Group A received PRP + chitosan, and Group B
received PRF + Chitosan.

Bone defect model

Rabbits were anesthetized using a cocktail of
xylazine (Xylaz, FARVET Laboratories, Handelsweg,
Netherlands) and ketamine (Ketalite, Elite Pharma
Pvt. Ltd., Pakistan) through the intramuscular route
at dose rates of 5 and 35 mg/kg, respectively. The
medial surface of the right tibia of each rabbit was
prepared aseptically for surgery, and an incision
was made on the skin of the medial surface of the
tibia. After controlling localized bleeding, the tibia
was exposed, and a 3-mm hole was drilled in the
midshaft of the tibia (Figure-1). The desired combi-
nation (PRP + Chitosan, PRF + Chitosan) was then
applied to the bone defect site. The skin was closed
in a standard fashion with the help of a simple inter-
rupted suture pattern. Postoperatively, each rabbit
was administered tramadol (Tramal, Searle Pakistan
Pvt. Ltd., Pakistan) at a dose rate of 10 mg/kg for pain
relief.

PRP preparation

The rabbits were positioned sternally to visual-
ize the jugular vein with the maximum dorsal exten-
sion of the neck and 8 mL blood was collected using
a 10 mL syringe. The sample was then transferred
into two sterile tubes containing sodium citrate (anti-
coagulant), and a third tube coated with ethylenedi-
aminetetraacetic acid (anticoagulant) was filled with
0.8 mL of the sample for platelet counting. After con-
firming that the platelets were within the normal phys-
iological range, preparation for PRP was started.

o N
Figure-1: Three mm drill hole in rabbit tibia.

For PRP preparation, tubes were centrifuged
twice; the first centrifugation was performed at
372x g for 10 min, resulting in three layers: plasma
at the top, buffy coat in the middle, and RBCs at the
bottom. The top layer containing plasma was trans-
ferred into another sterile tube, and a second centrifu-
gation was performed at 581x g for 10 min, resulting
in two layers. The top layer was platelet-poor plasma
(PPP), and the bottom layer was the PRP button. The
PPP was removed from the top to ensure that only
about 1 mL was left in the tube, and the bottom was
agitated to suspend the platelets, resulting in PRP.
Subsequently, platelets were counted in the samples
to determine whether the platelet count was greater
after processing. Then, it was activated by adding
0.3 mL of Ca gluconate to form a PRP gel. In the pres-
ent study, the average platelet concentration in whole
blood was 386,000/uL (normal physiological range
290,000-678,000) and the average platelet concentra-
tion in PRP was 18,21,206/uL. which is in accordance
with the range (470,000/uL—44,20,000/uL) [14].

PRF preparation

From the jugular vein of the rabbit, 8 mL of
blood was collected in sterile tubes. Blood was then
centrifuged at 1308x g for 10 min, resulting in three
distinct layers. The uppermost layer was PPP or
a-cellular plasma. The central and bottom layers were
the fibrin and RBCs, respectively. The PPP was dis-
carded, and the central layer was carefully removed
using toothed tissue forceps. To remove the exudate
trapped in the PRF clot, it was placed in a sterile con-
tainer for 10 min to release the serum trapped in it [7].
Chitosan powder was purchased from a local market.

Statistical analysis

The data collected from both groups are pre-
sented as mean =+ standard deviation. The data were
compared using repeated measure of one-way analy-
sis of variance, p < 0.05 on SPSS statistical software
20 (IBM Corp., NY, USA).

Results

Ocn

Ocn levels were recorded in both groups at 2-,
4-, 6-, and 8-week postoperatively. In both groups, the
Ocn level started to increase 2-week postoperatively
and continued to increase until it reached its peak at
6-week postoperatively. In the overall comparison,
there was no significant difference between the groups
(Table-1 and Figure-2). However, in the post hoc test
in a week-wise comparison, there was a significant
difference in both groups at 2- and 4-week postopera-
tively as p <0.05.

ALP levels

ALP levels were recorded in both groups at 2-,
4-, 6-, and 8-week postoperatively. The normal phys-
iological range of ALP in rabbits is 12-96 IU/L [15].
After 2 weeks, serum ALP levels were within the
normal range in Group A but increased in Group B,
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Table-1: Results of level of osteocalcin mean = SD of both groups (A and B) at 2-, 4-, 6-, and 8-week postoperatively.

2-week post-operative 4-week post-operative 6-week post-operative 8-week post-operative

Groups
PRP + Chitosan 23.43 £1.27 29.11 £ 1.23
PRF + Chitosan 26.45 £ 0.98 32.15 £ 0.88

32.96 £ 1.34
33.95 £ 0.82

15.40 + 1.80
14.95 £ 0.65

SD=Standard deviation, PRP=Platelet-rich plasma, PRF=Platelet-rich fibrin

M PRP + Chitosan

B PRF + Chitosan

40-
35-
30-
25
20-
15+
10

operative
operative
operative
operative

2 weeks post-
4 weeks post-
6 weeks post-
8 weeks post-

Figure-2: Osteocalcin levels in Groups A and B at 2, 4, 6,
and 8 weeks after surgery.

indicating increased ALP activity as bone repair was
started. At 4-week postoperatively, peak levels were
observed in both groups. At 6 weeks, the ALP level
was still high in both groups, and at 8-week postoper-
atively, it returned to within the normal physiological
range in both groups (Table-2 and Figure-3). In the
overall comparison, there was a significant difference
between both groups as p <0.05. In a week-wise com-
parison, there was also a significant difference in both
groups at all weeks postoperatively as p < 0.05.

Ca level

Ca levels were measured in both groups at 2-, 4-,
6-, and 8-weeks after surgery. After 2 and 4 weeks, the
Ca level was higher in both groups than the normal
physiological range of serum Ca levels in rabbits, which
is 12.5-16 mg/dL [16]. Peak levels were observed
in both groups at 4-week postoperatively. At 6-week
postoperatively, Ca levels in Group A returned to the
normal range, whereas in Group B, Ca levels remained
high up to 6-week postoperatively and then returned
to normal at 8-week postoperatively (Table-3 and
Figure-4). In the overall comparison, there was no
significant difference between both groups (p > 0.05).
However, in the week-wise comparison, there was a
significant difference between the groups at all weeks
(p < 0.05), and the highest significant difference was
observed at 2- and 6-week postoperatively.

P level

P levels were recorded in both groups at 2-, 4-,
6-, and 8-week postoperatively. The normal physio-
logical range of P in rabbits is 4-6.5 mg/dL [15]. At
2-week postoperatively, Group A had more P levels
than Group B, and both groups showed high P lev-
els at 4- and 6-week postoperatively, with peak lev-
els observed at 6 weeks postoperatively (Table-4 and

Figure-5). In the overall comparison, there was no sig-
nificant difference between the groups (p > 0.05). In
the week-wise comparison, there was no significant
difference (p > 0.05).

Discussion

The skeleton system is unique, unlike most other
systems, as it is composed of mainly calcified tissue;
the bone [17]. The treatment of bone defects is always
challenging in veterinary orthopedics because of the
many post-operative complications. Different bioma-
terials have been used in different models for the eval-
uation of bone repair, as reported by many researchers,
to explore their bone-healing potential [18]. In the
present study, chitosan was used along with autolo-
gous PRP and PRF in experimentally induced tibial
bone defects in rabbits.

Chitosan is derived from chitin through deacetyl-
ation. It is generally used as a biomaterial, especially
in drug-delivery systems, and can be used in com-
bination with other materials to enhance their ther-
apeutic efficiency [19]. In the present study groups,
the animals treated with a combination of chitosan
showed no clinical signs of inflammation or infection.
This may be attributed to the unique biocompatibil-
ity, facile modification, versatility, biodegradability,
antibacterial, hydrophilic, and non-toxic properties of
chitosan [20].

The most applicable biomaterial among the
different biomaterials that are used to evaluate bone
healing is PRP. Because it is prepared using a mini-
mally invasive technique, rich in growth factors, and
increases the healing process [3]. It is now well estab-
lished that PRP increases bone healing both alone
and in combination, as reported by many researchers,
such as Batista et al. [3], who reported that the group
treated with PRP had greater cortical bone thickness
and consolidation in rabbits. In previous studies, PRP
was used along with bone graft materials. As reported
by Kanthan et al. [21], PRP increased bone healing
when used in combination with bone grafts in compar-
ison to PRP alone. However, its potential to increase
bone healing in combination with other biomateri-
als, such as chitosan, remains under consideration.
As reported by Bakhtiarimoghadam et al. [22], PRP
along with chitosan can be a novel approach for bone
tissue engineering.

The other biomaterial used in this study was
PREF. It is a second-generation platelet derivative dis-
covered by Choukroun et al. [23] with a much sim-
pler preparation method than PRP gels, as no activator
is required. PRF, in combination with biomaterials,
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Table-2: Results of the alkaline phosphatase mean £+ SD of both groups (A and B) at 2-, 4-, 6-, and 8-week

postoperatively.

Groups

2-week post-operative 4-week post-operative 6-week post-operative 8-week post-operative

PRP + Chitosan
PRF + Chitosan

92.38 £ 4.70
109.59 £ 11.91

129.75 £ 5.14
143.30 + 4.36

106.47 £ 4.21
111.96 + 4.30

62.59 £ 4.30
77.89 £ 7.17

SD=Standard deviation, PRP=Platelet-rich plasma, PRF=Platelet-rich fibrin

Table-3: Results of level of calcium mean £+ SD of both groups (A and B) at 2-, 4-, 6-, and 8-week postoperatively.

Groups 2-week post-operative 4-week post-operative 6-week post-operative 8-week post-operative
PRP + Chitosan 16.16 £ 0.26 16.31 = 0.62 15.68 + 0.48 13.90 + 0.81
PRF + Chitosan 17.21 £ 0.34 17.48 = 0.30 16.90 = 0.10 15.00 + 0.23

SD=Standard deviation, PRP=Platelet-rich plasma, PRF=Platelet-rich fibrin

Table-4: Results of level of phosphorous mean + SD of both groups (A and B) at 2-, 4-, 6-, and 8-week postoperatively.

Groups 2-week post-operative 4-week post-operative 6-week post-operative 8-week post-operative
PRP + Chitosan 6.53 £ 0.32 7.15 £ 0.31 7.53 £ 0.29 6.38 £ 0.39
PRF + Chitosan 6.46 £ 0.22 7.18 £ 0.29 7.81 £ 0.31 6.68 = 0.37
SD=Standard deviation, PRP=Platelet-rich plasma, PRF=Platelet-rich fibrin
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Figure-3: Alkaline phosphatase levels in Groups A and B at
2,4, 6, and 8 weeks after surgery.
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Figure-4: Calcium levels in Groups A and B at 2, 4, 6, and
8 weeks after surgery.

accelerates bone healing, as in this study, PRF was
used in combination with chitosan. At present, the
potential of bone regeneration with this combination is

Figure-5: Phosphorus levels in Groups A and B at 2, 4, 6,
and 8 weeks after surgery.

still underexplored, as very few researchers have con-
ducted research using PRF and chitosan in combina-
tion. As reported by Rastegar et al. [24], PRF-loaded
chitosan scaffolds can enhance bone regeneration
with improved osteogenic potential. Similarly, it
was reported by Chen ef al. [25] that dual-function
injectable fibrin gel incorporated with sulfated chi-
tosan nanoparticles can be used for the treatment of
fractures in postmenopausal mice with osteoporosis
because it enhances bone healing.

Ocn is one of the most abundant non-collage-
nous proteins in bone, expressed in osteoblasts. An
increase in the activity of Ocn mRNA can promote
the bone formation process. Ocn is one of the hor-
mones that regulate the activity of osteoblasts, osteo-
clasts, and adipocytes, and in addition to that, it also
controls bone production [26]. In the present study,
PRP was used in combination with chitosan, and it
improved bone healing. However, many researchers
used this combination only in vitro, as it was reported
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by Shimojo et al. [27] that the composite of PRP and
chitosan improved the performance of PRP and its
regeneration ability. Similar findings were reported
by Huang ef al. in [28], who reported that the combi-
nation of PRP and chitosan scaffold has a synergistic
effect on bone healing in rabbit radial defects, as eval-
uated by gross, radiological, and histological exam-
ination. However, immunohistochemicals showed no
difference between individual and composite groups.
In this study, only combinations were studied, not the
individual group. However, some findings reported by
Huang et al. [28] are different from the present study,
as the examination was carried out after 12 weeks
only, whereas in the present study, it was carried out
every 2 weeks up to 8-week postoperatively and it
showed an increase in bone regeneration. Similarly,
Ansarizadeh et al. [29] reported that the addition of
PRF in collagen-chitosan showed better osteogenic
differentiation. Both combinations (PRP + chitosan,
PRF + Chitosan) showed better Ocn activity. This
might be because PRP and PRF contained high con-
centrations of platelets and growth factors. Moreover,
the combination of PRP and PRF with chitosan sus-
tainedly released growth factors for longer periods.
The addition of chitosan to PRP increases the life
span and secretion of growth factors as long as up to
24 days. Moreover, this combination also increases
the number of osteoblasts [30].

ALP is a common molecular marker of osteogenic
differentiation. ALP is primarily secreted by bone and
liver. Therefore, elevated ALP levels are an indication
for bone or liver disorders. In bone, ALP is secreted
in large amounts by osteoblasts, which play important
role in matrix production and bone mineralization by
locally increasing Ca phosphate concentrations. It is
believed that ALP boosts the levels of inorganic pyro-
phosphate or inorganic phosphates in the affected area,
both of which are essential for bone healing [31]. PRP+
chitosan can promote bone healing as Group A showed
increased ALP during fracture healing. Similar find-
ings were reported by Shimojo et al. [27], who showed
that the composite of PRP and chitosan showed better
osteogenic differentiation than PRP alone. Similarly, it
was reported by Bi et al. [32] that the ALP level was
higher in the group treated with the combination of
PRP and chitosan than in the group treated with chi-
tosan alone. In the current study, Group B showed a
higher ALP value than Group A, with peak values at
4 weeks and remained high up to 6-week postopera-
tively. Similar findings were reported by Sidharta ef al.
[33], who reported that the combination of PRF with
chitosan resulted in better ALP levels than the PRF
and the control groups. The increased ALP levels were
primarily due to increased chondroblast proliferation
during bone fracture repair. Moreover, periosteum
breakdown also increases serum ALP levels [31].

Ca is one of the major minerals of bone. It is
present in the form of Ca hydroxyapatite crystals in
bone and plays a key role in bone metabolism and

mineralization. It is well-established that Ca is one
of the most important nutrients for bone healing [34].
One of the major indicators of fracture healing in ani-
mals is the evaluation of serum Ca levels. Ca defi-
ciency suppresses bone formation and increases Ca
mobilization from bones [14]. In Group A, serum
Ca levels increased at 4 weeks postoperatively. This
finding could be due to the presence of large amount
of platelets and proteins present in PRP. Moreover,
because of sticky clot formation due to the presence of
platelets, it also increases the angiogenesis and mito-
genesis at the healing site. In Group B, serum Ca lev-
els were high 4-week postoperatively. Similar findings
were reported by Sheu et al. [34], who reported that
Ca levels were high in all treatment groups, includ-
ing the PRF group and their combinations, except for
the control group. The initial increase and subsequent
decrease in serum Ca levels are primarily attributed to
crystalline salt deposition in the organic matrix, which
is mainly composed of Ca and phosphatase [31].

P is involved in different biological processes,
such as the conduction of nerve stimuli, nucleic acids,
bone-building materials, and regulatory roles in oste-
olysis as well as in osteogenesis. It is second next
basic component of bone tissue after Ca [35]. In this
study, PRF, along with chitosan, increased P levels.
Similar findings were reported by Sheu et al. [34],
who found that 8 weeks after transplantation, the P
level was high in the group treated with the combi-
nation of PRF. These findings coincide with the pres-
ent study as serum P levels continued to increase in
Group B in which PRF was used along with chitosan
for up to 6-week postoperatively. It was also reported
by Gharib et al. [36] that chitosan scaffolds have a
positive effect on Ca and P levels during bone healing.
In addition, it provides cell adhesion, migration, pro-
liferation, growth, and porosity for rapid bone repair.

Similarly, it was reported by Nazht et al. [37] that
Ca and P levels were increased during fracture healing
in rabbits. Group A showed an increase in serum P
level, but the increase was not as high as in Group B.
The combination of PRP and chitosan has a synergis-
tic effect on healing. This could be due to the fact that
chitosan can provide an environment that increases
osteogenic and angiogenic cell function. Moreover,
chitosan increases the contact between platelet lysate
and injured tissue, thereby extending its therapeutic
effect [38].

It was reported by Segundo et al. [39] that the
combination of PRP and chitosan promoted better
bone and cartilage healing. Similarly, it was reported
by Pritia et al. [40] that the combination of PRF and
chitosan increased the migration and proliferation of
osteoblast cells, but this was an in vitro study. Kim
et al. [41] also reported that the group treated with
PRF had increased bone volume and increased bone
mineral density after 6 weeks of calvaria defect in
rabbits, and the effects of PRP and PRF on bone heal-
ing were similar. Therefore, the combination of these
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biomaterials can be used to increase bone healing in
rabbits.

Conclusion

The preparation of PRP and PRF is a simple and
inexpensive technique that can benefit veterinary sur-
geons in increasing the bone healing process. Based
on the current study, we recommend using the PRF/
chitosan combination to treat bone defects. This com-
bination introduces a new modality for treating bone
defects that can reduce bone healing time and com-
plications during bone repair. In the future, a com-
bination of biomaterials (PRP + Chitosan, PRF +
Chitosan) should be used in clinical settings and other
animal models for further evaluation.

Authors’ Contributions

SJ: Conceptualized and designed the study,
drafted the manuscript, investigation, and meth-
odology. HBR: Conceptualized the study, drafted,
reviewed, and edited the manuscript, and validation.
AS: Methodology, reviewed and edited the manu-
script, and data curation. MC: Reviewed the manu-
script, software, and formal and statistical analysis. All
authors have read and approved the final manuscript.

Acknowledgments

We would like to thank gratefully to the par-
ticipants of the study. We are also grateful to the
Department of Veterinary Surgery (DVS) and
Department of Epidemiology and Public Health
(EPPH), University of Veterinary and Animal Sciences
(UVAS), Lahore, for providing the necessary facili-
ties for the present study. Additionally, we would like
to thank the Higher Education Commission (HEC),
Pakistan, as the first author of this study received
the Indigenous 5000 Ph.D. Fellowship Program, Pin
No. 520-141519-2AV6-90.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Bewer, N.R. (2006) Biology of the rabbit. J. Am. Assoc.
Lab. Anim. Sci., 45(1): 8-24.

2. Yoshino, O., Brady, J., Young, K., Hardy, B., Matthys, R.,
Buxton, T., Appleyard, R., Tomka, J., Dabirrahmani, D.,
Woodford, P., Fadia, M., Steck, R., Quail, A., Richards, R.G.
and Balogh, Z.J. (2017) Reamed locked intramedullary
nailing for studying femur fracture and its complications.
Eur. Cell. Mater., 34: 99-107.

3. Batista, M.A., Leivas, T.P., Rodrigues, C.J., Arenas, G.C.F.,
Belitardo, D.R. and Guarniero, R. (2011) Comparison
between the effects of platelet-rich plasma and bone mar-
row concentrate on defect consolidation in the rabbit tibia.
Clinics., 66(10): 1787-1792.

4,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Maghsoudi, O., Abarkar, M. and Anvar, S.A. (2015)
Standardization and modification techniques of platelet-rich
plasma (PRP) preparation in rabbit. /nt. Clin. Pathol. J.,
1(2): 29-33.

Marx, R.E. (2001) Platelet-rich plasma (PRP): What is PRP
and what is not PRP? Implant. Dent., 10(4): 225-228.
Lee,S.S., DU, X., Kim, I. and Ferguson S.J. (2022) Scaffolds
for bone-tissue engineering. Matter., 5(9): 2722-2759.
Dohan,D.M.,Choukroun,J.,Diss,A.,Dohan,S.L.,Dohan,A.J.J.,
Mouhyi, J. and Gogly, B. (2006) Platelet-rich fibrin
(PRF): A second-generation platelet concentrate. Part I:
Technological concepts and evolution. Oral Surg. Oral
Med. Oral Pathol. Oral Radiol. Endod., 101(3): 37-44.
Ardakani, A.P, Oloumi, M.M., Farsinejad, A. and
Kheirandish, R. (2019) Experimental study on healing of
long bone defects treated with fibrin membrane enriched
with platelet growth factors and periosteal mesenchymal
stem cells in rabbit: Radiographical and histopathological
evaluations. Vet. Res. Forum., 10(4): 285-291.

Sheikh, Z., Najeeb, S., Khurshid, Z., Verma, V., Rashid, H.
and Glogauer, M. (2015) Biodegradable materials for bone
repair and tissue engineering applications. Materials., 8(9):
5744-5794.

Kotb, M.M.A., Ragab, G.A., Fathy, M.Z., Haggag, U. and
Safwat, N.M. (2020) Radiologic, ultrasonic and pathologi-
cal assessments of locally applied chitosan on promotion of
experimentally induced tibial fracture healing in rats. J. Vet.
Med. Res., 27(1): 23-26.

Fischer, V., Haffner-Luntzer, M., Amling, M. and Ignatius, A.
(2018) Calcium and vitamin D in bone fracture healing and
post-traumatic bone turnover. Eur. Cell. Mater., 35(35):
365-385.

Chen, Z., Xie, L., Xu, J., Lin, X., Ye, J., Shao, R. and
Yao, X. (2021) Changes in alkaline phosphatase, calcium,
c-reactive protein, D-dimer, phosphorus and hemoglobin
in elderly osteoporotic hip fracture patients. Ann. Palliat.
Med., 10(2): 1079-1088.

Dradjat, R.S., Sananta, P., Rosandi, R.D. and Slahaan, L.D.
(2021) Osteocalcin biomarker level evaluation on fracture
healing with bone defect after stromal vascular fraction
application in murine model. Ann. Med. Surg., 71: 1-4.
Pazzini, J.M., Nardi, A.B.D., Huppes, R.R., Gering, A.P.,
Ferreira, M.G.P.A., Silveira, C.P.B., Luzzi, M.C. and
Santos, R. (2016) Method to obtain platelet-rich plasma
from rabbits (Oryctolagus cuniculus). Pesqui. Vet. Bras.,
36(1): 39-44.

Melillo, A. (2007) Rabbit clinical pathology. J. Exot. Pet.
Med., 16(3): 135-145.

Rosenthal, K.L. (2006) Calcium metabolism in rabbits:
What’s new? North. Am. Vet Conf., 20 1764-1765.

Feng, X.U. (2009) Chemical and biochemical basis of cell-
bone matrix interaction in health and disease. Curr: Chem.
Biol., 3(2): 189-196.

Ali, B.M. and Ali, O.J. (2019) The effects of autologous
platelet-rich plasma on the bone fracture healing in rabbits.
Al-Anbar. J. Vet. Sci., 12(2): 109-121.

Satitsri, S. and Muanprasat, C. (2020) Chitin and chitosan
derivatives as biomaterial resources for biological and bio-
medical applications. Molecules, 25(24): 5961.

El-Hefian, E.A., Nasef, M.M. and Yahaya, A.H. (2014)
Chitosan-based polymer blends: Current status and applica-
tions. J. Chem. Soc. Pak., 36(1): 11-27.

Kanthan, S.R., Kavitha, G., Addi, S., Choon, D.S.K. and
Kamarul, T. (2011) Platelet-rich plasma (PRP) enhances
bone healing in non-united critical-sized defects: A prelimi-
nary study involving rabbit models. /njury., 42(8): 782—789.
Bakhtiarimoghadam, B., Shirian, S., Mirzaei, E., Sharifi, S.,
Karimi, 1., Gharati, G., Takallu, S. and Nazari, H. (2021)
Comparison capacity of collagen hydrogel, mix-powder and
in situ hydroxyapatite/collagen hydrogel scaffolds with and
without mesenchymal stem cells and platelet-rich plasma in
regeneration of critical sized bone defect in a rabbit animal

Veterinary World, EISSN: 2231-0916

2042



Available at www.veterinaryworld.org/Vol.17/September-2024/10.pdf

23.

24.

25.

26.

27.

28.

29.

30.

31.

model. J. Biomed. Mater. Res. B Appl. Biomater., 109(12):
2199-2212.

Choukroun, J., Diss, A., Simonpieri, A., Girard, M.O.,
Schoeffler, C., Dohan, S.L., Dohan, A.J.J., Mouhyi, J.

32.

Bi, L., Cheng, W., Fan, H. and Pei. G. (2010) Reconstruction
of goat tibial defects using an injectable tricalcium phos-
phate/chitosan in combination with autologous platelet-rich
plasma. Biomater., 31(12): 3201-3211.

and Dohan, D.M. (2006) Platelet-rich fibrin (PRF): A sec- 33. Sidharta, K., Murdiastuti, K. and Pritia, M.A. (2023) Effect
ond-generation platelet concentrate. Part I'V: Clinical effects of collagen chitosan hydrogel with injectable platelet-rich
on tissue healing. Oral Surg. Oral Med. Oral Pathol. Oral fibrin on alkaline phosphatase activity and calcium deposi-
Radiol. Endod., 101(3): 56-60. tion an in vitro study on osteoblast-like cell line MG63. Res.
Rastegar,A.,Mehmoodi, M., Mirjalili, M. and Nasirizadeh, N. Sq., 1: 1-12.
(2021) Platelet-rich fibrin-loaded PCL/chitosan core- 34.  Sheu, S.Y,, Hsu, Y.K., Chuang, M.H., Chu, C.M., Lin, P.C.,
shell fibers scaffold for enhanced osteogenic differen- Liao, J.H., Lin, S.Z. and Kuo, T.F. (2020) Enhanced bone
tiation of mesenchymal stem cells. Carbohydr. Polym., formation in osteoporotic mice by a novel transplant com-
269(12): 118351. bined with adipose-derived stem cells and platelet-rich
Chen, X., Wang, S., Zhang, X., Yu, Y., Wang, J. and Liu, C. fibrin releases. Cell Transplant., 29: 1-10.
(2022) Dual-function injectable fibrin gel incorporated with 35.  Ciosek, Z., Kot, K., Bogacka, D.K., Arendarczyk, N.L. and
sulfated chitosan nanoparticles for hBMP-2-induced bone Rotter, 1. (2021) The effects of calcium, magnesium, phos-
regeneration. Appl. Mater. Today.,26: 101347. phorus, fluoride, and lead on bone tissue. Biomolecules.,
Hussein, R.M. and Taqa, G.A. (2023) Evaluating the sys- 11(4): 506.
temic effect of metformin on gene expression of osteocalcin 36. Gharib, H.S., El-Sawa, A.A., Karam, S.S. and Hamza, S.A.
and vitamin D receptors at bony defect in rabbits. Egypt. J. (2020) Scanning electron microscopic evaluation of chi-
Vet. Sci., 54(1): 47-60. tosan nanohydroxyapatite scaffold for socket healing in
Shimojo, A.A.M., Perez, A.G.M., Galdames, S.E.M., rabbits with induced osteoporosis. Alex. Dent. J., 45(1):
de Souza Brissac, 1.C.S. and Santana, M.H.A. (2015) 27-33.
Performance of PRP associated with porous chitosan as a 37. Nazht, H.H., Imran, A.H. and Omar, R.A. (2021) Physical,
composite scaffold for regenerative medicine. Sci. World. chemical, and mechanical evaluation of irradiated xeno-
J, 1 1-12. sheep bony implantation by low-level laser therapy of
Huang, L., Tao, L., Honghua, H. and Chong, T. (2017) long bone fractures in rabbits. Arch. Razi. Inst., 76(5):
Evaluation of bone regeneration following combination 1445-1451.
therapy with platelet-rich plasma and chitosan/hydroxyapa- 38. Samsarga, G.W., Sanjaya, G.P.H., Hamid, A.R.R.H.,,
tite. J. Biomater. Tissue. Eng., 7(8): 642—649. Pinatih, K.J.P. and Dewi, N.M.R.P. (2020) Potential combi-
Ansarizadeh, M., Mashayekhan, S. and Saadatmand, M. nations of platelet-rich plasma (PRP) and chitosan in burn
(2016) Fabrication, modeling and optimization of lyo- wound management: A review. Intisari Sains Medis., 11(2):
philized advanced platelet-rich fibrin in combination with 571-574.
collagen-chitosan as a guided bone regeneration membrane. 39. DeSousaSegundo,F.A.,deSousaCosta,E.I.,deAzevedo,A.S.,
Int. J. Biol. Macromol., 125(15): 383-391. de Araujo, A.L., de Franca Silva, A.C., de Lima, G.G. and
Maryani, 1., Rochmah, Y.S. and Parmana, A.D. (2018) de Sa, M.J.C. (2018) Platelet-rich plasma, hydroxyapatite,
Analisa gel kombinasi platelet rich plasma dan chitosan ter- and chitosan in the bone and cartilaginous regeneration
hadap peningkatan jumlah osteoblas sebagai bone regener- of femoral trochlea in rabbits: Clinical, radiographic, and
ation pada luka pasca ekstraksi gigi tikus wistar [Analysis histomorphometric evaluations. J. Healthc. Eng., 1: 1-6.
of combination gel of platelet rich plasma and chitosan on 40. Pritia, M.A., Fatimah, N., Karina, V.M. and Murdiastuti, K.
increasing the number of osteoblasts as bone regeneration (2023) The combination effect of collagen-chitosan hydro-
in post-tooth extraction wounds in wistar rats]. Odonto gel and injectable platelet-rich fibrin fractionation on osteo-
Dent. J., 5(2): 89-96. blast migration and proliferation. Eur. J. Dent. Oral Health.,
Ghadhan, A.A. and Khashjoori, B.K. (2022) Assessment of 4(3): 22-27.
serum alkaline phosphatase and calcium levels during bone 41. Kim, T.H., Kim, S.H., Sandor, G.K. and Kim, Y.D. (2014)
fracture healing in dogs stabilized with a bone plate after Comparison of platelet-rich plasma (PRP), platelet-rich
being treated with an amniotic membrane loaded with plate- fibrin (PRF), and concentrated growth factor (CGF) in rab-
letrich plasma. J. Pharm. Negat. Results., 13(6): 3159-3168. bit-skull defect healing. Arch. Oral Biol., 59(5): 550-558.
seoskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

2043





