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Abstract. Platelet‑rich plasma (PRP) is autologous and multi-
functional. Platelet concentrate from blood contains highly 
concentrated platelets and various types of cells, including 
growth factors. PRP promotes the recovery of cell prolifera-
tion and differentiation. Osteonecrosis of the femoral head is 
a disease caused by femoral head damage or an insufficient 
blood supply, which leads to the death of bone cells and 
abnormal bone marrow composition. The subsequent repair 
of bone cells may result in changes to the structure of femoral 
head, femoral head collapse and joint dysfunction. PRP may 
promote the repair of injured articular cartilage in patients 
with joint diseases through the removal of harmful inflam-
matory factors. In the present study, the therapeutic effects 
and primary mechanism of PRP action were investigated 
using a glucocorticoid‑induced femoral head osteonecrosis 
mouse model. Dexamethasone (DEX) and phosphate‑buffered 
saline were used as controls. The therapeutic efficacy of 
PRP to treat osteonecrosis in murine femoral heads was 
evaluated by assessing clinical arthritis scores. The present 
study indicated that mice with osteonecrosis of the femoral 
head treated with PRP exhibited downregulated expres-
sion of interleukin (IL)‑17A, IL‑1β, tumor necrosis factor‑α, 
receptor activator of nuclear factor κ‑B ligand, IL‑6 and 
interferon‑γ in the inflammatory tissue. In addition, the levels 
of hepatocyte growth factor, intercellular adhesion molecule‑1, 
osteopontin, platelet‑derived endothelial cell growth factor, 
vascular endothelial growth factor, platelet‑derived growth 
factor, insulin‑like growth factor‑1 and transforming growth 
factor‑β were increased following treatment with PRP. Joint 
tissue histological staining demonstrated that PRP alleviated 
osteonecrosis of the femoral head and reduced humoral and 
cellular immune responses that promoted beneficial effects on 

the histological parameters. Furthermore, the concentration of 
glucocorticoids were significantly decreased in the serum of 
PRP‑treated mice with osteonecrosis compared with the DEX 
group (P<0.01). Notably, PRP promoted beneficial effects in 
mice with osteonecrosis of the femoral head by stimulating 
angiogenesis. Therefore, the present study indicated that treat-
ment with PRP promotes beneficial effects by preventing joint 
inflammation, cartilage destruction and bone damage, and 
stimulating the repair of joint tissue in mice with osteonecrosis 
of the femoral head. These preclinical data suggest that PRP 
may be developed as a novel method of treating osteonecrosis 
of the femoral head.

Introduction

Osteonecrosis of the femoral head is an autoimmune disease 
manifesting primarily as a type of inflammatory arthritis that 
seriously threatens human health and quality of life (1,2). The 
causes of femoral head necrosis are diverse and complex, 
which means that it is challenging to devise a classification 
system and determine the pathogenesis associated with this 
disease (3‑5). Osteonecrosis of the femoral head generally 
occurs following trauma, or drug and alcohol abuse (1,6). The 
symptoms of osteonecrosis of the femoral head include pain, 
stiff joints that limit activity, lameness and different degrees 
of femoral head necrosis (2,7). In recent years, the incidence 
of osteonecrosis of the femoral head has increased and the 
majority of patients with osteonecrosis of the femoral head 
are now diagnosed in the clinic (7,8). Currently, treatments for 
osteonecrosis of the femoral head include non‑weight‑bearing 
therapy, physical support, the promotion of osteoclast apoptosis 
and the reduction of osteoblast and osteocyte apoptosis (9‑11). 
Therefore, further research into potential novel treatments of 
the disease is required.

Platelet‑rich plasma (PRP) is a blood product that may 
be effective at treating osteonecrosis of the femoral head, 
cartilage disorders and rheumatoid arthritis (10). It has been 
demonstrated that PRP alleviates osteonecrosis of the femoral 
head without triggering side effects and treatment‑related 
adverse events of PRP were not reported in a clinical investi-
gation (12). The therapeutic outcomes of treatment with PRP, 
which is isolated from autologous peripheral blood mono-
nuclear cells and is composed of cytokines, growth factors 
and other bio‑active molecules, is efficient and innovative 
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treatment protocols have been devised (13). Previous studies 
have demonstrated that intravenous injection of PRP repairs 
tendon and articular bone damage and contributes to the 
elimination of the inflammatory response; thus it may serve 
an important role on morphological properties and collagen 
microarchitecture (13‑15). Furthermore, it has been suggested 
that PRP stimulates significant clinical improvements in 
patients with symptomatic osteoarthritis of the hip joints (16). 
Osteonecrosis of the femoral head is an intractable and 
chronic inflammatory autoimmune disease characterized by 
the release of inflammatory cytokines, which may promote 
degradative mediators, subsequent infiltration of autoimmune 
cells into the synovium and joint damage (17).

Previous studies have indicated that innate and adap-
tive immune responses have essential roles in regulating 
the expression of inflammatory cytokines, which target the 
synovium and subsequently result in the development of 
joint diseases (17,18). Osteonecrosis of the femoral head is an 
autoimmune disease characterized by chronic inflammation 
of the joint (17). Furthermore, osteonecrosis of the femoral 
head is associated with chronic inflammation of the synovial 
joints, predominantly in the hands and feet, as well as systemic 
extra‑articular inflammation (19). A previous study reported 
that the use of concentrated bone marrow aspirate and PRP 
resulted in significant pain relief and halted the progression 
of disease in the majority of patients with osteonecrosis of the 
femoral head (19). These data suggest that PRP may be effec-
tive at treating osteonecrosis of the femoral head.

In the present study, the efficacy and mechanism of PRP 
was investigated using a glucocorticoid‑induced femoral 
head osteonecrosis mouse model. Inflammatory factors were 
analyzed in PRP, dexamethasone (DEX) and phosphate buff-
ered saline (PBS)‑treated groups. The therapeutic efficacy of 
PRP for mice with osteonecrosis of the femoral head was then 
evaluated by assessing clinical arthritis scores. The effects of 
PRP on the immune and inflammatory responses were also 
analyzed.

Materials and methods

Animal study. A total of 60 male C57BL/6J mice (6‑8 weeks 
old; weighing 30‑35 g) were purchased from Shanghai SLAC 
Laboratory Animals Co., Ltd., (Shanghai, China). All mice 
were housed in a temperature‑controlled facility at 23±1˚C 
with a relative humidity of 50±5% and a 12‑h light/dark cycle. 
All mice were identified by ear punching and were used to 
establish a glucocorticoid‑induced (100 mg/kg) femoral head 
mouse model. The induction of glucocorticoid was achieved 
as described previously (20) via the subcutaneous injection of 
100 mg/kg glucocorticoid (methylprednisolone, ModiQuest 
Research, Oss, The Netherlands) per mouse. The mice were 
divided into three groups and given a normal schedule and 
free access to a standard diet and water (n=20 in each group). 
On day 7 after model establishment (visible dead in cartilage 
area and partial necrosis and collapse of the cartilage surface), 
mice received treatment with PRP (10 mg/kg; Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany), dexamethasone (DEX; 
10 mg/kg, Sigma‑Aldrich; Merck KGaA) or the same volume 
of PBS by tail vein intravenous injection. Body weights of 
experimental mice were measured prior to each injection. 

Treatments were conducted seven times, once every 3 days. 
All mice were decapitated under 50 mg/kg of intraperitoneal 
injection of sodium pentobarbital (3%, Sigma‑Aldrich; Merck 
KGaA) on day 32 for histological analysis and measurement 
of spleen weight loss. Clinical femoral head osteonecrosis 
scores were evaluated using a scale of 0‑2, as previously 
described (0, health; 0.5, one leg disabled in action; 1.0, two 
legs disabled in action; 1.5, three legs disabled in action; and 
2.0, four legs disabled in action) (21). The present study was 
performed in strict accordance with the recommendations of 
the Guide for the Care and Use of Laboratory Animals of the 
Shanghai Jiaotong University (Shanghai, China). All animal 
procedures were reviewed and approved by the Shanghai 
Jiaotong University Animal Care Committee. All surgeries 
and euthanasia were performed using sodium pentobarbital 
anesthesia and efforts were made to minimize the suffering of 
experimental mice.

ELISA. Interferon (IFN)‑γ, interleukin (IL)‑6, IL‑17A, tumor 
necrosis factor (TNF)‑α, IL‑1β and receptor activator of 
nuclear factor κ‑B ligand (RANKL) concentrations in the 
spleen of experimental mice were analyzed using ELISA. 
On day 32, spleens were harvested and homogenized in a 
commercialized buffer (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Subsequently, splenocytes were 
purified by centrifugation (4x1,000 x g) at 4˚C for 15 min 
and the homogenates were quantified using a cell counter 
(Vi‑CELL XR; Beckman Coulter, Inc., Brea, CA, USA) 
according to previous study (20). IFN‑γ (ERIFNGALPHA), 
IL‑6 (29‑8061‑65), IL‑17A (EMIL17A), TNF‑α (CMC3013), 
IL‑1β (ERIL1B) and RANKL (EMTNFSF11) concentrations 
were measured using ELISA kits (Thermo Fisher Scientific, 
Inc.) according to the manufacturer's instructions. In addition, 
glucocorticoid serum concentration level was also analyzed 
using an ELISA kit (EIACORT; Bio‑Rad Laboratories, Inc.) 
according to the manufacturer's instructions.

RNA isolation and RT‑qPCR. Total RNA from murine spleens 
and synovial cells was extracted using an RNA isolation 
kit (AM1912M; Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's instructions. All gene primers 
were synthesized and listed in Table I. The concentration of 
RNA was quantified by spectrophotometry at 260 nm (Smart 
Spec TM 3000; Bio‑Rad Laboratories, Inc.). Quantified RNA 
was subjected to reverse transcription into cDNA using a 
reverse transcription kit (Qiagen Sciences, Inc., Gaithersburg, 
MD, USA) and quality was confirmed by electrophoresis. 
cDNA was diluted 1:10 with distilled water and 10 µl was used 
for amplification. Specific primer sets for IFN‑γ, IL‑6, IL‑17A, 
VEGF, PDGF, IGF‑1, TGF‑β, TNF‑α, IL‑1β and RANKL, 
HGF, ICAM‑1, OPN and PD‑ECGF were conserved in our lab. 
RT‑qPCR was performed using a real‑time quantitative PCR 
kit (Roche Molecular Diagnostics, Pleasanton, CA, USA) with 
a SYBR Green Master Mix system according to the protocol 
provided with the parameter‑specific kits (K0241; Roche 
Diagnostics, Basel, Switzerland). A total of 45 amplification 
cycles were performed, including 94˚C for 30 sec, denaturation 
at 96˚C for 5 sec, primer annealing at 68˚C for 5 sec with 
touchdown to 58˚C for 15 sec and applicant extension at 72˚C 
for 10 sec. Relative gene expression levels were calculated by 
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2-ΔΔCq method (22). The results were presented as the n‑fold 
way compared with β‑actin. All experiments were repeated 
three times.

Histopathological analysis. Mice with osteonecrosis of the 
femoral head were sacrificed using pentobarbital anesthesia 
(50 mg/kg) on day 32 and the hips joints were separated, and 
4‑µm thick sections were fixed in 10% formalin for 12 h at 
25˚C. The joints were subsequently decalcified and embedded 
in paraffin. The hips joints from experimental mice were 
stained with hematoxylin and eosin. The therapeutic effects 
of PRP, DEX and PBS were analyzed in mice with glucocor-
ticoid‑induced osteonecrosis of the femoral head. The severity 
of osteonecrosis of the femoral head in the joints was scored 
on a scale of 0‑5 (0, no joint inflammation arbitrary unit; 1, 
1 joint inflammation arbitrary unit; 2, 2 joint inflammation 
in arbitrary unit; 3, 3 joint inflammation arbitrary unit; 4, 4 
joint inflammation arbitrary unit; and 5, 5 joint inflammation 
arbitrary unit) as previously described (23).

Statistical analysis. All data were presented as mean ± stan-
dard deviation of triplicate results. Unpaired data were analyzed 
using Student's t test and comparisons of data between multiple 
groups were conducted using analysis of one‑way variance 
and a Tukey Kramer test. A Kaplan‑Meier curve was used to 
estimate the survival rate during the 120‑day long‑term obser-
vation to analyze the survival rate. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Functional analysis of PRP in synovial cells and spleens 
of mice with glucocorticoid‑induced osteonecrosis of the 
femoral head. To investigate the efficacy of PRP in mice with 
glucocorticoid‑induced osteonecrosis of the femoral head, the 
concentration of inflammatory cytokines in murine synovial 
cells and spleens were measured. It was determined that the 
levels of mRNA and concentrations of IL‑17A, TNF‑α, IL‑1β 
and RANKL were significantly downregulated in the DEX 
group compared with the PBS control group in synovial cells 
(P<0.01; Fig. 1A) and the spleen (P<0.01; Fig. 1B) respectively. 
PRP treatment significantly reduced levels of mRNA and 

concentration of IL‑17A, IL‑1β, TNF‑α and RANKL in the 
PRP group compared with the DEX group in murine synovial 
cells and spleens, respectively (P<0.01; Fig. 1A and B), contrib-
uting to the remission of osteonecrosis of the femoral head. 
Furthermore, the mRNA expression levels and concentrations 
of IFN‑γ and IL‑6 were significantly upregulated in the DEX 
group compared with the PBS group in murine synovial cells 
and spleens, respectively (P<0.05; Fig. 1C and D, respectively); 
moreover, PRP treatment significantly upregulated the mRNA 
expression levels and concentrations of IFN‑γ and IL‑6 in the 
PRP group compared with the DEX group in murine synovial 
cells and spleens, respectively (P<0.01; Fig. 1C and D, respec-
tively). These results suggested that PRP treatment effectively 
suppressed inflammatory cytokines IL‑17A, IL‑1β, TNF‑α and 
RANKL and promoted advantageous inflammatory cytokines 
IFN‑γ and IL‑6 for mice with osteonecrosis of the femoral 
head.

Therapeutic effects of PRP in mice with glucocorti‑
coid‑induced osteonecrosis of the femoral head. In order to 
evaluate the efficacy of PRP on the state of illness develop-
ment, the femoral head osteonecrosis mouse model was 
established. Experimental mice were injected with PRP, 
DEX or PBS. The arthritic score of mice in each group was 
recorded every 3 days. PRP treatment significantly amelio-
rated both the clinical symptoms and hind paw swelling, thus 
reducing arthritic scores of PRP‑treated mice compared with 
those of the DEX‑treated mice (P<0.01; Fig. 2A). In addi-
tion, the therapeutic effects of PRP were evaluated according 
to the humoral glucocorticoid concentration. Serological 
levels of anti‑glucocorticoid immunoglobulin (Ig)G prior 
to and following treatment were measured in experimental 
mice. The results demonstrated that a significant decrease in 
anti‑glucocorticoid IgG serum levels occurred in PRP‑treated 
mice compared with the DEX‑treated group (P<0.01; Fig. 2B). 
Vascular endothelial growth factor (VEGF), platelet‑derived 
growth factor (PDGF), insulin‑like growth factor‑1 (IGF‑1) 
and transforming growth factor (TGF)‑β mRNA expres-
sion levels were significantly increased in the DEX group 
compared with the PBS group in the synovial cells (P<0.01; 
Fig. 2C‑F, respectively). Furthermore, PRP treatment signifi-
cantly upregulated the mRNA expression levels of VEGF, 

Table I. Sequences of the primers used in the present study.

	 Sequence
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Gene name	 Reverse	 Forward

IL‑17A	 5'‑ATGCACAGCCACCGCGACTT‑3'	 5'‑CTTCATGACTGCCTCCAAGTAG‑3'
IL‑1β	 5'‑GGCTGCTTCCAAACCTTTGA‑3'	 5'‑GAAGACACGGATTCCATGGT‑3'
TNF‑α	 5'‑TCCAGACTTCCTTGAGACA‑3'	 5'‑GGCGATTACAGACACAACT‑3'
RANKL	 5'‑AAGGCGAGAGATTCTTTCCCTG'‑3	 5'‑ACTGGGGACAATTCACTAGAGC‑3'
IL‑6	 5'‑GTGAGGAACAAGCCAGAG‑3'	 5'‑TGACCAGAAGAAGGAATGC‑3'
IFN‑γ	 5'‑CACCCTCTGTCACCTGCTCAA‑3' 	 5'‑ATGGCGCTGAGAAGACTTGGT‑3'
β‑actin	 5'‑CGGAGTCAACGGATTTGGTC‑3'	 5'‑AGCCTTCTCCATGGTCGTGA‑3'

IL, interleukin; TNF‑α, tumor necrosis factor‑α; IFN‑γ, interferon‑γ.
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PDGF, IGF‑1 and TGF‑β compared with the DEX group 
(P<0.01; Fig. 2C‑F, respectively). These data suggest that PRP 
may induce the production of angiogenic factors, which may 
contribute to angiogenesis in femoral head osteonecrosis.

Body and spleen weight changes following PRP treatment. 
Body and spleen weight changes were evaluated following 
treatment with PRP DEX or PBS. The body weights of mice in 
the DEX group were significantly increased compared with the 
PBS group (P<0.01; Fig. 3A) and PRP‑treated mice exhibited 
a significantly increased body weight compared with the DEX 
group (P<0.01; Fig. 3A). It was determined that spleen weight 
loss in mice from the DEX group was significantly decreased 
compared with that of the PBS group (P<0.01) and that the 
spleen weight loss of mice in the PRP group was significantly 
decreased compared with that of the DEX group (P<0.01; 
Fig. 3B). The DEX group exhibited significantly increased 
mRNA expression levels of hepatocyte growth factor (HGF; 
P<0.01), intercellular adhesion molecule‑1 (ICAM‑1; P<0.01), 
osteopontin (OPN; P<0.05) and platelet‑derived endothelial 
cell growth factor (PD‑ECGF; P<0.05) compared with the 
PBS group (Fig. 3C‑F, respectively). Furthermore, PRP treat-
ment significantly increased the mRNA expression levels of 
HGF, ICAM‑1, OPN and PD‑ECGF compared with the DEX 
group (P<0.01; Fig. 3C‑F). The data suggest that PRP treat-
ment significantly increased body weight and promoted the 
mRNA expression levels of angiogenesis‑related factors.

PRP treatment is beneficial in mice with osteonecrosis of the 
femoral head. All synovial specimens from mice with femoral 
head osteonecrosis that were treated with PRP, DEX or PBS 
were investigated. Data indicated that hypertrophy and leuko-
cyte infiltration was significantly reduced following 4 weeks 
treatment with PRP compared with the DEX group (P<0.01; 
Fig. 4A and B). In addition, the therapeutic mechanism of PRP 
in synovial cells from mice with osteonecrosis of the femoral 
head was also analyzed. Histological staining indicated that 
PRP‑treated mice with osteonecrosis of the femoral head 
exhibited markedly improved synovial hyperplasia, inflamma-
tory cell influx, destruction of the cartilage and angiogenesis 
compared with the DEX group (Fig. 4C and D). Taken together, 
these preclinical data suggest that PRP may be an efficient 
agent for treatment of femoral head osteonecrosis.

Discussion

Osteonecrosis of the femoral head is a serious arthritic 
disease (24). It has been demonstrated that adjunct treatment 
methods for osteonecrosis of the femoral head, such as the 
combination of core decompression with bone morphogenic 
proteins, growth factors, bone grafting and stem cells produces 
effective results (25). PRP is a blood product that may be able 
to effectively treat osteonecrosis of the femoral head, cartilage 
disorders and rheumatoid arthritis (26). However, there have 
been few studies investigating the effectiveness of PRP for 

Figure 1. mRNA expression levels and concentration of inflammatory factors in spleens and synovial cells of mice with glucocorticoid‑induced osteonecrosis 
of the femoral head. (A) IL‑17A, TNF‑α, IL‑1β and RANKL mRNA expression levels in synovial cells were analyzed by RT‑qPCR. (B) IL‑17A, TNF‑α, 
IL‑1β and RANKL concentration levels in spleens were analyzed by ELISA. (C) IL‑6 and IFN‑γ mRNA expression levels in synovial cells were analyzed 
by RT‑qPCR. (D) IL‑6 and IFN‑γ concentration levels in spleens were analyzed by ELISA. Data are expressed as mean ± standard deviation. *P<0.05 and 
**P<0.01. RT‑qPCR; reverse transcription‑quantitative polymerase chain reaction; IL, interleukin; TNF‑α, tumor necrosis factor‑α; RANKL, receptor activator 
of nuclear factor κ‑B ligand; IFN‑γ, interferon‑γ; PRP, platelet‑derived plasma; DEX, dexamethasone; PBS, phosphate‑buffered saline.
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femoral head osteonecrosis therapy. The aim of the present 
study was to investigate the efficacy of PRP in the treatment 
of mice with glucocorticoid‑induced osteonecrosis of the 
femoral head using a tail vein injection technique. The present 
study determined that repeated administration of PRP signifi-
cantly relieved the pathogenesis of glucocorticoid‑induced 

osteonecrosis of the femoral head. Moreover, despite the 
fact that IL‑6 and IFN‑γ have not been indicated as effective 
inhibitors of osteoclastic activity, the present results suggest 
that IFN‑γ and IL‑6 were upregulated following PRP treat-
ment. Furthermore, mRNA expression levels of angiogenic 
factors including HGF, ICAM‑1, OPN and PD‑ECGF were 

Figure 2. Therapeutic effects of PRP on mice with glucocorticoid‑induced osteonecrosis of the femoral head. (A) Mice received subcutaneous injection of 
PRP (10 mg/kg), DEX (10 mg/kg) or the same volume of PBS. Arthritis scores were compared among non‑treated (n=20), DEX (n=20) and PRP‑treated 
(n=20) groups during the course of treatment. Data are presented as the mean ± standard deviation. (B) Serum concentrations of anti‑glucocorticoid IgG 
in experimental mice were determined by ELISA. mRNA expression levels of (C) VEGF, (D) PDGF, (E) IGF‑1 and (F) TGF‑β were detected in synovial 
tissue in experimental mice with osteonecrosis of the femoral head. Data are expressed as mean ± standard deviation of triplicate samples. **P<0.01. PRP, 
platelet‑derived plasma; DEX, dexamethasone; PBS, phosphate‑buffered saline; VEGF, vascular endothelial growth factor; PDGF, platelet‑derived growth 
factor; IGF‑1, insulin‑like growth factor‑1; TGF‑β, transforming growth factor‑β.

Figure 3. Effect of PRP treatment on body weight and proangiogenic factor expression. (A) Changes in body weight during treatment with PBS, DEX or PRP 
over a 30‑day observation period. Data are expressed as mean ± standard deviation. (B) Influence of PRP treatment on spleen weight loss in mice with osteo-
necrosis of the femoral head during the treatments. mRNA expression levels of (C) HGF, (D) ICAM‑1, (E) OPN and (F) PD‑ECGF were detected in murine 
spleens from mice with osteonecrosis of the femoral head. Results are expressed as the n‑fold difference relative to β‑actin. Data represent the mean ± standard 
error of the mean of triplicate samples. *P<0.05 and **P<0.01. PRP, platelet‑derived plasma; DEX, dexamethasone; PBS, phosphate‑buffered saline; HGF, 
hepatocyte growth factor; ICAM‑1, intercellular adhesion molecule‑1; OPN, osteopontin; PD‑ECGF, platelet‑derived endothelial cell growth factor.

https://www.spandidos-publications.com/10.3892/etm.2017.5655
https://www.spandidos-publications.com/10.3892/etm.2017.5655


TONG et al:  PLATELET-RICH PLASMA TREATMENT OF OSTEONECROSIS1786

significantly upregulated in PRP‑treated mice. The present 
results also indicated that PRP treatment improved synovial 
hyperplasia, inflammatory cell influx, destruction of the carti-
lage and angiogenesis.

PRP was first discovered in 1993 and was identified to be 
rich in platelets, thus provoking its potential application in the 
field of biomedicine (27,28). Current research has focused on 
the potential applications of PRP, as it contains high concen-
trations of PDGF, TGF‑β, IGF, VEGF and epidermal growth 
factor (29,30). Numerous studies have attempted to clarify the 
biological mechanism and effects of PRP on human diseases. 
However, the potency and limitations of PRP as a therapeutic 
agent to treat osteonecrosis of the femoral head has not been 
fully elucidated (31,32). In the present study, the efficacy of 
PRP in a femoral head osteonecrosis mouse model was inves-
tigated and alterations in the expression of inflammatory and 
angiogenic factors were analyzed to determine the therapeutic 
outcomes.

Recently, PRP has exhibited favorable effects in various 
clinical joint disease cases (33). In addition, a previous report 
suggested that the efficacy and feasibility of PRP treatment for 
rheumatoid arthritis and avascular necrosis was marked (34). 
In the present study, the effectiveness of PRP at relieving pain 
and healing cartilage injuries were analyzed in PRP‑treated 
mice (n=20). The results of the present study indicate that 
PRP promotes significant pain relief and halts the progression 
of disease in the majority of mice with osteonecrosis of the 
femoral head.

Inflammatory cytokines have been identified as complex 
regulatory signal network involved in osteonecrosis of the 

femoral head and are mediated by different intracellular 
kinase signaling pathways to regulate the recruitment, stimu-
lation, activation and performance of autoimmune cells (35). 
Although the causes of osteonecrosis of the femoral head are 
not fully understood, laboratory and clinical evidence suggests 
that inflammatory cytokines may contribute to its pathogen-
esis  (36,37). Theoretically, blocking inflammatory factor 
pathways may interrupt the inflammatory process to break 
the cycle of inflammation and limit joint damage  (38,39). 
The results of the present study suggest that the expression of 
inflammatory factors is decreased following PRP treatment, 
resulting in cartilage repair.

A previous study indicated that revascularization was 
beneficial in inducing the recovery of osteonecrosis of 
the femoral head and enhanced understanding regarding 
the mechanism of initiation, development and aggrava-
tion of osteonecrosis of the femoral head by revealing its 
role in mice with glucocorticoid‑induced osteonecrosis of 
the femoral head (40). Hence, PRP may be beneficial in the 
treatment of osteonecrosis of the femoral head by promoting 
the expression of pro‑angiogenic factors in spleen and synovial 
cells.

In the present study, PRP not only alleviated inflamma-
tion via humoral and cellular immune responses, but also 
led to beneficial effects, indicated by improvements in the 
histological parameters of joint tissue. These results were in 
accordance with those from a previous study concerning the 
pathology of osteonecrosis of the femoral head (41). In addi-
tion, since the overall PRP effect in the articular environment 
derives from interactions with the pre‑existing environment 

Figure 4. Histopathology of synovial grafts and femoral head in osteonecrosis of the femoral head mice. (A) PRP treatment reduced joint inflammation in 
mice with osteonecrosis of the femoral head. (B) PRP treatment reduced synovial degeneration in mice with osteonecrosis of the femoral head. (C) Analysis 
of destruction of the cartilage and angiogenesis revealed the effects of PRP in mice with osteonecrosis of the femoral head. Arrows indicated synovial 
hyperplasia and inflammatory cell influx. (D) Histological staining analysis indicated synovial hyperplasia and inflammatory cell influx in PRP‑treated mice 
with osteonecrosis of the femoral head. Arrowheads indicated destruction of the cartilage. Data are expressed as mean ± standard error of the mean **P<0.01. 
PRP, platelet‑derived plasma; DEX, dexamethasone; PBS, phosphate‑buffered saline.
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and other cells, and as some surgical protocols involve the 
application of both platelets and cells, a number of studies have 
investigated the effect of PRP on mesenchymal stem cells of 
different origins (42,43). Furthermore, the stimulatory effects 
of PRP treatment have been documented to promote prolifera-
tion and chondrogenic differentiation, which contributed to the 
production of IL‑6 and IL‑8 for the articular cartilage perform 
maintenance (23,44).

Although previous studies have reported various direct 
effects of pharmacological agents on chondrocytes of the 
femoral head, it is essential to investigate the overall role of 
PRP on cytokine homeostasis of the entire joint. The data from 
the current study indicate that PRP significantly enhances 
synovial cell activity and improves synovial angiogenesis. In 
conclusion, the results of the current study indicate that PRP 
treatment for osteonecrosis of the femoral head in mice results 
in beneficial effects, as it alleviates joint inflammation, carti-
lage destruction and bone damage.
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