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(HISTOLOGICAL AND ULTRASTRUCTURAL STUDY)
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ABSTRACT

The study aimed to examine the impact of platelet rich plasma (PRP) on the healing of a
mandibular bone defect in obese rats. In this research, forty-eight adult male albino rats were
divided into two equal groups; Group 1: were fed on standard diet. Group 2: were fed on high fat
diet for four weeks for obesity inducing. A bone defect on the right side of mandible was created in
each rat then all rats were subdivided into two equal subgroups. In subgroups 1.1 and 2.1, the bone
defects were left without treating whereas in subgroups 1.2 and 2.2 the bone defects were filled
with PRP. Two and four weeks postoperatively, six rats per group were euthanized and the samples
were processed histological examination, X-ray elemental microanalysis and scanning electron
microscopic examination. The results showed that rats received high fat diet and their bone defects
left untreated revealed delayed bone healing and depicted significant decrease in bone calcium level
in comparison with other subgroups. Interestingly, rats received high fat diet and their bone defects
filled with platelet rich plasma revealed marked progress in bone healing and exhibited significant
increase in bone calcium level in comparison with rats received high fat diet and with untreated
bone defect. Conclusion: Obesity impaired the healing of mandibular bone defect. However,
PRP has the ability to offset the negative effect of obesity and promote bone healing in obese rats.
Therefore, it is highly recommended in obese individuals to fill the surgical bone defects with PRP.
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INTRODUCTION ratio of height to weight that is used to differentiate
Obesity i licated ill 0 ed b between those who are overweight and those who
esity 1s a complicated Iliness characterized by are obese. Overweight is described by the World

fat excessive accumulation that may be detrimental  [eqith Organization (WHO) as a BMI of 25 to 30

to health. The body mass index (BMI) is a basic kg/m?2 and obesity as = 30 kg/m2 V.
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Although the discrepancy between calorie

consumption and expenditure is the most
common cause of obesity, the major causes of
obesity include genetic, social, environmental,
psychological, physiologic, and economic factors
that cooperate to the advance of obesity, as well as
drug-induced weight gain as an adverse biological

effect @,

Obesity is seen as a severe threat to public
health. Previous researches have proven that
obesity is linked with a chronic inflammatory
response, aberrant cytokine production, activation
the inflammatory signaling pathways and elevated
acute-phase reactants; these mechanisms contribute
to the onset of obesity-related illnesses. Thus,
obesity raises the risk of a number of chronic
diseases, including dyslipidemia, fatty liver disease,
gallstones, obstructive sleep apnea, osteoarthritis,
type 2 diabetes
mellitus stroke, coronary artery disease and some

depression, hypertension,

malignancies @

Long-standing dispute has surrounded the effect
of obesity on bones. Tradition holds that obesity
is advantageous to bone and may be regarded a
preventative factor against osteoporosis and fracture
risk due to the well-established positive effect of
mechanical stress on bone development ©. Recent
studies have revealed, however, that obesity-related
fat accumulation does not protect individuals
against osteoporosis and, in fact, that greater fat
content is deleterious to bone mass. In addition,
obesity impact bone metabolism by upregulating
proinflammatory cytokine production, increasing
adipocyte differentiation and fat accumulation,
reducing osteoblast differentiation and bone
formation and interfering with intestinal calcium
absorption thereby reducing calcium availability for
bone formation 7%,

Platelet-rich plasma (PRP) is a blood-derived
substance newly recognized for its potent healing
qualities and expanding importance in regenerative
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medicine !V, Tt is designed to achieve a high platelet
concentration in a small amount of plasma. Both
plasma and its preparation include a number of
growth factors and physiologically active chemicals
that stimulate tissue repair and bone regeneration
effectively 2.

PRP has the capacity to bring greater concen-
trations of physiologically active growth factors
and different proteins to wounded tissues, with the
added benefits of simplicity, safety, efficacy, and
continuous availability “¥. Since the plasma used in
autologous transplantation treatment is the patient’s
own, there is no chance of sensitization, genetic ma-
nipulation or disease transmission .

PRP therapy is a widely used method for tissue
repair/regeneration in several medical fields such
as sports medicine, dermatology, orthopedics,
otolaryngology, cardiothoracic surgery,
neurosurgery, obstetrics and gynecological surgery
U9 Likewise, PRP has yielded promising results
in regenerative dentistry, includes endodontics
(pulpotomy, apexification, and apical surgery),
periodontics (treatment of periodontal plastic
surgery and infrabony periodontal abnormalities),
and maxillofacial and oral surgery (soft tissue
and bone surgery, tooth extractions, and implant

surgery) 19,

Recently, there is a growing concern in the
therapeutic capability of PRP in bone regeneration.
Hence, this research was conducted to determine
the proficiency of PRP as an advocate of healing of
a mandibular bone defect in experimental obese rat
model.

MATERIALS AND METHODS

Animals:

Forty eight adult male albino rats weighting an
average of 150-180 grams were used in this study.
According to the methods described by Charan and
Biswas, a suitable sample size was determined 7.
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Rats were housed in polycarbonate cages with wire
lids (six rats per cage), numbered and housed in a
well-ventilated animal house at Faculty of Medicine,
Zagazig University. The room was kept at 23 °C
with a humidity level of 60%, while maintaining a
typical photoperiod. Dry rat pellets were fed to rats
and they were allowed unrestricted access to water.
After one week acclimatization period, the animals
were randomly allocated into two equal groups:

Group 1: twenty four rats were fed on the
standard diet (SD) for rodents throughout the
experiment. A bone defect on the right side of
mandible was created in each rat then the rats were
subdivided into two equal subgroups, 12 rats each;
Subgroup 1.1 (SD + untreated): the bone defects
were left without any treatment. Subgroup 1.2 (SD
+ PRP treated): the bone defects were filled with
0.35 ml of PRP ¥,

Group 2: twenty-four rats were given an high fat
diet (HFD) for four weeks consisting of 20 g fat/100
g diet by weight (the fat consisted of 19 g of butter
oil and 1 g of soybean oil to supply necessary fatty
acids) 1. After induction of obesity, a bone defect
on the right side of mandible was created in each rat
similar to group 1 then the rats were divided into two
equal subgroups, 12 rats each; Subgroup 2.1 (HFD
+ untreated): the bone defects were left without any
treatment similar to subgroup 1.1. Subgroup 2.2
(HFD + PRP treated): the bone defects were filled
with 0.35 ml of PRP similar to subgroup 1.2.

All animal studies were done in compliance with
the ARRIVE standards and the National Institutes of
Health protocol for the care and use of Laboratory
animals (NIH Publications, revised 1985). Animal
handling and experimental protocols were approved
by the Institutional Animal Care and Use Committee
at Zagazig University ZU-IACUC.

Preparation of Platelet Rich Plasma (PRP)

The rats were anesthetized by intramuscular
injection of xylazine (6 mg/kg) (Sigma-Aldrich,
USA) and ketamine (70 mg/kg) (Hospira, USA).
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Then, 3.15 ml blood was taken from each animal
through jugular vein cannulation using a 5 ml
disposable syringe with 0.35 ml of 10% sodium
citrate to avoid coagulation. Blood was stored in
silicone vacuum tubes containing 5 ml. The infusion
of sterile saline quickly replaced the same quantity
of blood from each animal. After removing the
cannula from the jugular vein and using a hemostatic
agent locally, the tissues were realigned and sutured.
The blood was centrifuged at 160g for 20 minutes
at room temperature. Blood was separated into
three components: erythrocytes, buffy coat, and
plasma containing platelets. The plasma containing
platelets was then aspirated, transferred to a fresh
tube, and centrifuged for 15 minutes at 400g. While
the platelet-poor plasma was discarded, the PRP was
extracted and activated via adding 0.05 ml of 10%
calcium chloride solution to 1 ml of PRP (829,

Surgical Procedure of Mandibular Bone Defect

Immediately after withdrawal of the blood
samples, the anesthetized rats underwent aseptic
preparation then the skin and the muscle of the
mandible were incised, and the soft tissues were
dissected. On the right side of the body of the
mandible of each animal, a 5x5 mm complete
thickness defect was made using a slow-speed dental
drill under continual normal saline irrigation to
minimize overheating. After the defect was formed,
the region was thoroughly irrigated with normal
saline to remove any leftover bone fragments.
In subgroups 1.2 and 2.2, mandible defects were
ultimately filled with PRP. The soft tissues above
the defect were then relocated and sutured in layers
with 4-0 vicryl sutures (Ethicon, Lenneke Marelaan,
Belgium), and the rats were treated intramuscularly
with penicillin (40,000 IU/ml, 1 ml/kg) (Sandoz,
Austria) for three days after surgery @V,

Euthanasia and Sample Collections

Two and four weeks following mandibular bone
defect surgery, six rats from each subgroup were
sacrificed with an overdose of sodium thiopental
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(EIPICO, Egypt), confirmed with cervical
dislocation and their mandibles were dissected and
their right halves were collected and immediately
fixed with 4% buffered formalin solution. At each
experimental period, three samples per subgroup
were prepared for histological examination and
three other samples per subgroup were prepared
for X-ray elemental microanalysis and scanning

electron microscopic (SEM) examination.

Histological Examination

After fixation, 5% formic acid was used to
decalcify the specimens. After full decalcification,
specimens wererinsedindeionized water,dehydrated
in escalating ethyl alcohol concentrations, cleared in
xylene, and embedded in paraffin. Five micrometer-
thick serial sections were cut and stained with
hematoxylin and eosin (H&E). The slides were
examined and photos were taken with a digital
color CCD camera (Olympus, DP73, Tokyo, Japan)
placed on a light microscope (Olympus BXS53,
Tokyo, Japan) at Faculty of Dentistry, Zagazig
University.

X-ray Elemental Microanalysis

After fixation, the samples treated with 5%
sodium hypochlorite (commercial bleach), for 1
hour, to remove the organic material. After washing
in distilled water, specimens were dehydrated in
ethanol then air-dried and examined by energy
dispersive x-ray analysis (EDAX) attached with
the SEM unit which is designed to analyze the
inorganic constituents (mainly calcium level) of the
specimens.

Scanning Electron Microscopic Examination

After determination of their elemental
composition, the samples were prepared for SEM
examination. They were vacuumed, coated with
gold through Blazers’ SCD-050 sputter that changed
electrically non-conductive samples into conductive

ones, so enabling SEM scanning of the sample

Doaa A. Labah and Omneya M. Wahba

surface with a tightly focused electron beam (JEOL
JSM-636 OLA at an accelerating voltage of 15kv)
in Electron Microscopy Unit, Mansoura University.

Statistical Analysis:

Statistical analyses of the calcium levels were
performed using one-way analysis of variance
(ANOVA) and Dunnett’s post hoc test to determine
whether or not there are statistically significant
differences between subgroups. In this study, a
value of P < 0.05 was regarded to indicate statistical
significance and the calcium levels were expressed
as the mean =+ standard error (SE). Statistical
analyses were conducted using SPSS, version 11.
(SPSS Inc, Chicago, IL, USA).

RESULTS

Histological Findings:

Two weeks after induction of bone defect,
histological examination of subgroup 1.1 (SD +
untreated) revealed the bone defect area contained
granulation tissue and newly formed woven bone
(Fig. 1-A). In subgroup 1.2 (SD + PRP treated),
the bone defect area showed angiogenesis and filled
with granulation tissue, irregular fibrous callus and
newly formed woven bone (Fig. 1-B). On the other
hand, subgroup 2.1(HFD + untreated) revealed an
immature granulation tissue with inflammatory
cells infiltration, hematoma and some empty spaces
(Fig. 1-C). Similarly, subgroup 2.2 (HFD + PRP
treated), revealed granulation tissue characterized
by inflammatory cells infiltration with some empty
spaces and hematoma along with minute bone
trabeculae (Fig. 1-D). Four weeks after induction of
bone defect, subgroup 1.1 (SD + untreated) revealed
angiogenesis and the bone defect site was almost
filled with new bone trabeculae (Fig. 2-A). In
subgroup 1.2 (SD + PRPtreated), the bone defect area
showed well-formed bone trabeculae and medullary
spaces (Fig. 2-B). On the other hand, subgroup
2.1(HFD + untreated) showed fibrous connective
tissue characterized by few inflammatory infiltrate



PLATELET RICH PLASMA AND BONE HEALING

and scanty bone trabeculae (Fig. 2-C). However,
the bone defect area in subgroup 2.2 (HFD + PRP
treated) was almost filled with well-formed bone
trabeculae and medullary spaces except a minimal
area containing granulation tissue (Fig. 2-D).

X-Ray Elemental Microanalysis:

The sites of mandibular bone defects showed
variation in their elemental composition among
the different subgroups at the two experimental
intervals. Statistical analysis demonstrated that two
and four weeks post bone defect induction there
was significant decrease in bone calcium level of
subgroup 2.1 (HFD + untreated) in comparison
with all other subgroups including subgroup 1.1
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(SD + untreated), subgroup 1.2 (SD + PRP treated)
and subgroup 2.2 (HFD + PRP treated). On the
other hand, calcium level of subgroup 2.2 (HFD +
PRP treated) simulated that of subgroup 1.1 (SD +
untreated) with no significant difference between
them. Moreover, there was significant increase in
calcium level of subgroup 1.2 (SD + PRP treated)
in comparison with subgroup 1.1 (SD + untreated)
and subgroup 2.2 (HFD + PRP treated). Besides,
comparison of bone calcium level between the two
experimental periods of each subgroup revealed
significant increase in calcium level of each
subgroup at four weeks compared with the same
subgroup at two weeks after induction of bony
defect (Table 1 & Fig.3).

Fig. (1): Decalcified H&E stained sections in the defect site of rat mandibular bone two weeks after induction of bone defect. A)

Subgroup 1.1 (SD + untreated) granulation tissues (G), new bone (arrow) and small area of hematoma (arrow head). B)
Subgroup 1.2 (SD + PRP treated) granulation tissues (G) and new bone (arrow heads). C) Subgroup 2.1(HFD + untreated)
granulation tissue with inflammatory cells infiltration (G), hematoma (arrow heads) and vacuoles (arrows). D) Subgroup
2.2 (HFD + PRP treated) granulation tissues (G), hematoma (arrow) and minute bone trabeculae (arrow heads). (Original

Magnification A- D X 400)
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Fig. (2): Decalcified H&E stained sections in the defect site of rat mandibular bone four weeks after induction of bone defect. A)
Subgroup 1.1 (SD + untreated). B) Subgroup 1.2 (SD + PRP treated). C) Subgroup 2.1(HFD + untreated). D) Subgroup 2.2
(HFD + PRP treated). Bone trabeculae (T). Medullary spaces (arrow) and granulation tissue (G). (Original Magnification
A- D X 400)

TABLE (1): Statistical analysis of the bone calcium level two and four weeks postoperatively in different

groups
Groups Time (week)
Two weeks Four weeks
Range 10-16 15-21
Subgroup 1.1
Mean + SD 124 + 2.30 B¢ 182 £2.39BCE
Range 15-20 25-30
Subgroup 1.2
Mean + SD 17.8 +1.924€P 274 +2.07ACPE
Range 5-10 10-17
Subgroup 2.1
Mean + SD 7.2 +1.9248D 12.6 £2.70ABDPE
Range 8§-12 17-22
Subgroup 2.2
Mean + SD 10 £ 1.58 B¢ 20 +2.35BCE

Notes: Each value represents mean + standard deviation; significance level p < 0.05. A: significance vs subgroup 1.1, B:
significance vs subgroup 1.2, C: significance vs subgroup 2.1, D: significance vs subgroup 2.2 and E: significance vs two
weeks value
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Fig. (3): Bar chart shows the mean calcium level between the
different study groups

Scanning Electron Microscopic Findings:

Two weeks after induction of bone defect,
topographical examination of subgroup 1.1 (SD +
untreated) showed the bone defect area was filled by
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new bone trabeculae (Fig. 4-A). However, subgroup
1.2 (SD + PRP treated) revealed the bone defect
area was packed with thicker new bone trabeculae
(Fig. 4-B). On the other hand, subgroup 2.1 (HFD
+ untreated) showed the defect area was almost
devoid of bone (Fig. 4-C). In subgroup 2.2 (HFD
+ PRP treated), the defect area contained few bone
trabeculae (Fig. 4-D). Four weeks after induction of
bone defects, the bone defect areas of subgroup 1.1
(SD + untreated), subgroup 1.2 (SD + PRP treated)
and subgroup 2.2 (HFD + PRP treated) showed
complete closure of the defect sites with almost
normal bone surface (Fig. 5 A, B& D). However,
the bone defect area of subgroup 2.1(HFD +
untreated) appeared filled with bone trabeculae but

still incompletely closed (Fig. 5-C).
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Fig. (4): Scanning electron micrographs of the defect site of rat mandibular bone two weeks after induction of bone defect. A)
Subgroup 1.1 (SD + untreated). B) Subgroup 1.2 (SD + PRP treated). C) Subgroup 2.1(HFD + untreated) shows area devoid

of bone (*). D) Subgroup 2.2 (HFD + PRP treated).
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Fig. (5): Scanning electron micrographs of the defect site of rat mandibular bone four weeks after induction of bone defect. A)
Subgroup 1.1 (SD + untreated). B) Subgroup 1.2 (SD + PRP treated). C) Subgroup 2.1(HFD + untreated) with incomplete
closure of defect area (*). D) Subgroup 2.2 (HFD + PRP treated).

DISCUSSION

The present study involved two research points.
First, the negative effect of obesity on the healing
of mandibular bone defect. Second, the ability of
PRP to offset the effect of obesity and promotes
bone healing. In the current study, a mandibular
bone defect was created in two groups (SD and
HFD) then the defect area was filled with PRP
in one subgroup per group while left empty in
the other subgroup. Two and four weeks after the
procedure, the progress of bone healing was studied
by qualitative (histological and SEM) assessments
and quantitative X-ray elemental analysis.

The adult male rats were the experimental
model of choice in this study owing to similarities
in pathophysiologic responses between rats and

human skeletons, along with the financial and
husbandry advantages of rats ??. In addition, HFD
feeding is used in the current study to induce obesity
in rats because HFD-induced obesity rat model is
the best to simulate the metabolic deterioration seen
in human obesity *.

Qualitative histological and SEM results of rats
received HFD and their mandibular bone defects
left untreated (HFD + untreated subgroup) revealed
obvious delay in osteogenesis and retarded healing
of the bone defect area in comparison with other
subgroups. This is in agreement with Damanaki et
al ®» who shown that obesity hinders the ability of
rat periodontal abnormalities to mend on their own.
They arrived at the conclusion that obesity may have
an adverse effect on bone repair. Similarly, Gao et
al ® verified showed bone repair in the obese mice
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was substantially slower than in the normal animals.
They contributed this delay in fracture healing to
the lower levels of fibroblast growth factor (FGF),
transforming growth factor beta 1 (TGF-f1),
plasma calcitonin gene-related peptide (CGRP), and
elevated concentrations of tumor necrosis factor-a
(TNF-a).

In accordance with the depicted histological and
SEM findings, quantitative X-ray elemental analysis
of HFD + untreated subgroup revealed a significant
decrease in bone calcium value below those of other
subgroups through the two experimental periods.
This finding was in agreement with Hsu et al. %
who showed a correlation between increased fat
mass and decreased bone mineral content and bone
mineral density. The significant decrease in bone
calcium level indicated that obesity could induce
changes in mineralization Kinetics as proved by
Lavet et al. ®” who reported disruption of mineral
metabolism and its main regulators in addition to
progressive hyperphosphatemia and hypocalcemia
in rats fed HFS diet.

Multiple lines of evidence have shown that
obesity and bone metabolism are linked; first, since
both osteoblasts and adipocytes are differentiated
from the same multipotent mesenchymal stem cell,
obesity suppresses bone production while enhancing
adipogenesis®®. Second, obesity may enhance bone
resorption through upregulating proinflammatory
cytokines which are capable of stimulating bone
resorption and osteoclast activity by altering the
receptor activator of NF-«B (RANK)/RANK ligand/
Thirdly,
usage of steroid hormones such as glucocorticoids

osteoprotegerin  pathway®. persistent
causes obesity and fast bone loss®”. Fourth, obesity
isrelated to significant increase in serum leptin which
is adipocyte-derived cytokines®". Overproduction
of leptin from adipocytes was previously reported to
have adverse impacts on bone metabolism®©?. Also,
obesity is associated with decrease in adiponectin

which is another adipocyte-derived cytokines
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supposedly inhibits osteoclastogenesis, decreases
bone resorption, and increases bone mass in addition

to its anti-inflammatory effect 334,

Surprisingly in the present qualitative study, rats
received HFD and their bone defects filled with PRP
(HFD + PRP treated subgroup) revealed acceleration
in bone healing and marked improvement in the
histological and the topographical features of bone
at the site of defects in comparison with HFD +
untreated subgroup. These results could be related to
beneficial effects of PRP on bone healing as reported
by previous studies #>2%. As well, quantitative X-ray
elemental analysis of bone calcium level in PRP
treated rats either of SD or HFD subgroups revealed
significant augmentation in comparison with their
corresponding untreated subgroups. Moreover,
HFD + PRP treated subgroup simulated that of
SD + untreated subgroup but exhibited significant
decrease than SD + PRP treated subgroup. These
findings demonstrated that PRP could enhance bone
mineralization in normal rats and alleviate obesity-
induced changes in mineralization in obese rats.

These beneficial effects of PRP on bone
formation and mineralization were confirmed by
studies indicating that PRP contains key growth
factors involved in bone regeneration, including
FGF, TGF- f, vascular endothelial growth factor
(VEGF), platelets derived growth factor (PDGF),
insulin-like growth factor-1 (IGF-1), and epidermal
growth factor (EGF) ¢7% In addition, PRP contains
a variety of macrophage/monocyte mediators and
interleukins capable of mediating inflammation @,
In addition, the plasma component of PRP comprises
albumin, fibrinogen, a number of immunoglobulins,
and a number of bioactive compounds that play
a crucial role in bone regeneration“?. Moreover,
Bida et al.“" showed that PRP has the capacity to
boost alkaline phosphatase activity, a crucial sign
of mineralization and bone growth. In addition, Wei
et al.“*? revealed that PRP unregulated the levels of
osteogenesis-specific markers, such as runt-related
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transcription factor 2 (RUNX?2), osterix (OSX), and
osteopontin (OPN), which play crucial roles in the
control of bone formation and mineralization. On the
other hand, adipocyte-specific marker, peroxisome
proliferator-activated receptor gamma 2 (PPARY2),
was inhibited by PRP, indicating that PRP mediates
the balancing of osteogenesis and adipogenesis.

CONCLUSION

Obesity has adverse effects that could cause
delay healing of mandibular bone defects in rats.
However, this study proved the capability of PRP
to alleviate the impaired bone healing in obese rats.

RECOMMENDATION

Further studies are recommended to prove the
proficiency of PRP to treat obesity damaging effects
on different body tissues and whether its valuable
role will differ among different gender and ages.

REFERENCES

1. Compston J. Obesity and fractures. Joint Bone Spine.
2013; 80:8-10.

2. Aronne LJ, Nelinson DS, Lillo JL. Obesity as a disease
state: a new paradigm for diagnosis and treatment. Clin
Cornerstone 2009; 9(4):9-25.

3. Ellulu MS, Patimah I, Khaza’ai H, Rahmat A, Abed Y.
Obesity and inflammation: the linking mechanism and the
complications. Arch Med Sci. 2017; 13(4):851-863.

4. James WP. The epidemiology of obesity: the size of the
problem. J Intern Med 2008; 263:336-352.

5. Park H, Park C, Oh S, Yoo H. Prevalence of obesity and
metabolic syndrome in Korean adults. Obes Rev 2008;
9:104-107.

6. Kopelman P. Obesity as a medical problem. Nature 2000;
404(6778):635-643.

7. Yamasaki M, Hasegawa S, Imai M, Takahashi N, Fukui
T. High-fat diet induced obesity stimulates ketone body
utilization in osteoclasts of the mouse bone. Biochem
Biophys Res Commun. 2016; 473:654-661.

8. Johansson H, Kanis J, Oden A, EMcCloskey E, Chapurlat

R, Christiansen C. A meta-analysis of the association of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Doaa A. Labah and Omneya M. Wahba

fracture risk and body mass index in women. J Bone Miner
Res. 2014; 29: 223-233.

Van Den Berg S, Pseijkens T, Hkusters P, Beckers L, Den-
Toom M, Smeets E, et al. Diet-induced obesity in mice
diminishes hematopoietic stem and progenitor cells in the
bone marrow. FASEB J. 2016; 30:1779-88.

Mesci E, Mesci N, Icagasioglu A, Madenci E. Association
of obesity with forearm fractures, bone mineral density
and fracture risk (FRAX®) during postmenopausal period.
Turk Osteoporoz Dergisi. 2016; 22:80-84.

Alives R, Grimalt R. A review of platelet-rich plasma: His-
tory, biology, mechanism of action, and classification. Skin
Appendage Disord. 2018; 4: 18-24.

Hall M, Band P, Meislin R, Jazrawi L, Cardone D. Plate-
let-rich plasma: current concepts and application in sports
medicine. J Am Acad Orthop Surg. 2009; 17(10):602-608.

Albanese A, Licata ME, Polizzi B, Campisi G. Platelet-
rich plasma (PRP) in dental and oral surgery: from the
wound healing to bone regeneration. Immun Ageing.
2013; 10(1):23.

Yaman R, Kinard TN. Platelet rich plasma: hope or hype?
Ann Blood. 2022; 7:6.

Piszczorowicz L, Krél D, Dylag S. Autologous platelet-
rich plasma therapy a promising method for tissue repair/
regeneration in many medical fields. J. Transf. Med. 2020;
13: 135-148.

Xu, J, Gou L, Zhang P, Li H, Qiu S. Platelet-rich plasma
and regenerative dentistry. Aust Dent J. 2020; 65: 131-140.

Charan J, Biswas T. How to calculate sample size for dif-
ferent study designs in medical research? Indian J Psychol
Med. 2013; 35(2):121-126.

Mariano R, Messora M, de Morais A, Nagata M, Furlaneto
F, Avelino C, Paula F, Ferreira S, Pinheiro M, de Sene JP.
Bone healing in critical-size defects treated with platelet-
rich plasma: a histologic and histometric study in the cal-
varia of diabetic rat. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod. 2010; 109 (1):72-78.

Min L, Ling S, Yin L, Stephen C, Randy JS, David D, Patrick
T. Obesity induced by a high-fat diet down regulates apoli-
poprotein A-IV gene expression in rat hypothalamus. Am. J.
Physiol. of Endocrinol Metab. 2014; 287: E366-E370.

Messora M, Nagata M, Furlaneto F, Dornelles R, Bomfim
S, Deliberador T, Garcia V, Bosco A. A standardized re-
search protocol for platelet-rich plasma (PRP) preparation
in rats. RSBO. 2011; 8: 299-304.



PLATELET RICH PLASMA AND BONE HEALING

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pierre S, Rohit K, Babak M, Douglas S, Steven M, Dale
D, Michael L. Repair of a Critical Size Defect in the Rat
Mandible Using Allogenic Type I Collagen. J Craniofac
Surg. 2011; 12(6): 573-579.

Lelovas P, Xanthos T, Thoma S, Lyritis G, Dontas 1. The
laboratory rat as an animal model for osteoporosis re-
search. Comp Med. 2008; 58(5):424-430.

Marques C, Meireles M, Norberto S, Leite J, Freitas J, Pes-
tana D, Faria A, Calhau C. High-fat diet-induced obesity
Rat model: a comparison between Wistar and Sprague-
Dawley Rat. Adipocyte. 2015; 5(1):11-21.

Damanaki A, Memmert S, Nokhbehsaim M, Abedi A, Rath-
Deschner B, Nogueira A, Deschner J. Effects of Obesity on
Bone Healing in Rats. Int. J. Mol. Sci. 2021; 22: 13339.

Gao F,Lv T, Zhou J, Qin X. Effects of obesity on the heal-
ing of bone fracture in mice. J Orthop Surg Res. 2018;
13(1):145.

Hsu'Y, Venners S, Terwedow H, Feng Y, Niu T, Li Z, Laird
N, Brain J, Cummings S, Bouxsein M, Rosen C, Xu X. Re-
lation of body composition, fat mass, and serum lipids to
osteoporotic fractures and bone mineral density in Chinese
men and women. Am J Clin Nutr 2006; 83(1):146-154.

Lavet C, Martin A, Linossier M, Bossche A, Laroche N,
Thomas M, Gerbaix M, Ammann P, Fraissenon A, Lafage-
Proust M, Courteix D, Vico L. Fat and Sucrose Intake In-
duces Obesity-Related Bone Metabolism Disturbances:
Kinetic and Reversibility Studies in Growing and Adult
Rats. J Bone Miner Res. 2016; 31: 98-115.

Cao J. Effects of obesity on bone metabolism. J Orthop
Surg Res. 2011; 6:30.

Pfeilschifter J, Koditz R, Pfohl M, Schatz H. Changes in
proinflammatory cytokine activity after menopause. En-
docr. Rev. 2002; 23(1):90-119.

Mussig K, Remer T, Maser-Gluth C. Brief review: gluco-
corticoid excretion in obesity. J Steroid Biochem Mol Biol.
2010; 121(3-5):589-593.

Van Dielen F, van’t Veer C, Schols A, Soeters P, Buurman
W, Greve J. Increased leptin concentrations correlate with
increased concentrations of inflammatory markers in mor-
bidly obese individuals. Int J Obes Relat Metab Disord.
2001; 25(12):1759-1766.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

(381)

Cao J, Sun L, Gao H. Diet-induced obesity alters bone
remodeling leading to decreased femoral trabecular bone
mass in mice. Ann N 'Y Acad Sci. 2010; 1192(1):292-297.

Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuri-
yama H, Hotta K, Nishida M, Takahashi M, Muraguchi M,
Ohmoto Y, Nakamura T, Yamashita S, Funahashi T, Matsu-
zawa Y. Adiponectin, an adipocyte-derived plasma protein,
inhibits endothelial NF-kappaB signaling through a cAMP-
dependent pathway. Circulation 2000; 102(11):1296-1301.

Oshima K, Nampei A, Matsuda M, Iwaki M, Fukuhara A,
Hashimoto J, Yoshikawa H, Shimomura I. Adiponectin
increases bone mass by suppressing osteoclast and acti-
vating osteoblast. Biochem Biophys Res Commun 2005;
331(2):520-526.

Oryan A, Alidadi S, Moshiri A. Platelet-rich plasma for
bone healing and regeneration. Expert Opin Biol Ther.
2016; 16(2): 213-232.

Zhang N, Wu Y, Qian S, Teng C, Chen S, Li H. Research
progress in the mechanism of effect of PRP in bone defi-
ciency healing. Sci. World J. 2013; 2013: 1-7.

Civinini R, Macera A, Nistri L, Redl B, Innocenti M. The use
of autologous blood-derived growth factors in bone regenera-
tion. Clin Cases Miner Bone Metab. 2011; 8(1):25-31.

Intini G. The use of platelet-rich plasma in bone recon-
struction therapy. Biomaterials. 2009; 30(28):4956-4966.

El-Sharkawy H, Kantarci A, Deady J, Hasturk H, Liu H,
Alshahat M, Van Dyke TE. Platelet-rich plasma: growth
factors and pro- and anti-inflammatory properties. J Peri-
odontol. 2007; 78: 661-669.

Jacobs, J, Adkins, J, Qian, W, Liu, T, Shen, Y, Camp, D, Smith
R. Utilizing human blood plasma for proteomic biomarker
discovery. J. Proteome Res. 2005; 4 (4): 1073-1085.

Bidar M, Bahlakeh A, Mahmoudi M, Ahrari F, Shahmo-
hammadi R, Jafarzadeh H. Does the application of GaA-
1As laser and platelet-rich plasma induce cell proliferation
and increase alkaline phosphatase activity in human dental
pulp stem cells?. Lasers Med Sci 2021; 36: 1289-1295.

Wei B, Huang C, Zhao M, Li P, Gao X, Kong J, Niu Y,
Huang R, Quan J, We J, Chu J. Effect of Mesenchymal
Stem Cells and Platelet-Rich Plasma on the Bone Healing
of Ovariectomized Rats. Stem Cells Int. 2016; 2016: 1-11.



