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Angiogenesis and bone regeneration by mesenchymal
stem cell transplantation with danshen in a rabbit
model of avascular necrotic femoral head
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Abstract. The present study aimed to explore the potential
of combined treatment with mesenchymal stem cells (MSCs)
and danshen for angiogenesis and bone regeneration in a rabbit
model of avascular necrosis of femoral head (ANFH). A rabbit
model of ANFH was established using the Shwartzman reac-
tion with methylprednisolone and Escherichia coli endotoxin
injection. Magnetic resonance imaging (MRI) and histopatho-
logical examination were used to evaluate the rabbit model of
ANFH. The rabbits were randomly divided into the danshen
group, the MSCs group, the danshen combined with MSCs
group and the model group (treated with physiological saline).
The expression level of monocyte chemoattractant protein-1
(MCP-1) and stromal cell-derived factor-1 (SDF-1) were
determined by reverse transcription polymerase chain reac-
tion (RT-PCR). The expression level of bone morphogenetic
protein-2 (BMP-2) and vascular endothelial growth factor
(VEGF) were detected by immunofluorescence and the mRNA
expression of BMP-2 and VEGF were detected by RT-PCR.
Typical osteonecrosis occurred in the rabbit model of ANFH,
which indicated that the model was successfully established.
MCP-1 and SDF-1 were significantly increased in the model
group compared with the normal group (P<0.05). Following
the administration of MSCs and Salvia miltiorrhiza (danshen),
MSCs labeled with 5-bromo-2-deoxyuridine were observed
to be gathered in the necrotic area. The increased migration
of MSCs to the necrotic area may be due to the upregulated
expression of the chemokines MCP-1 and SDF-1. ANFH
treated with danshen combined with MSCs may promote
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revascularization by increasing the expression of VEGF and
BMP-2 in the femoral head, promoting re-ossification and
revascularization. Danshen combined with the transplantation
of MSCs may be regarded as a novel therapy for the treatment
of ANFH in a clinical setting.

Introduction

Avascular necrosis of the femoral head (ANFH) is one of the
most diagnosed osteoarthritic diseases worldwide (1), it is a
chronic disease that typically leads to destruction of the hip
joint in patients aged 30-60. It has been estimated that there are
10,000-20,000 new cases of ANFH each year in the USA (2-5).
ANFH may be induced by a number of risk factors, including
vascular compression, hypertension, thrombosis, alcoholism,
chemotherapy and excessive glucocorticoid treatment;
however, the pathophysiology of ANFH remains unclear (6-8).
Without effective and prompt treatment, progression of the
disease may worsen joint dysfunction and even lead to perma-
nent disability (6). The majority of patients exhibit dysfunction
of the hip joints within 1-4 years of disease development (9).
Once the articular surface of the femur collapses, treatment is
extremely challenging and usually ineffective.

Mesenchymal stem cells (MSCs) are adult stem cells
that are capable of self-renewal and divergence into multiple
lineages, including bone, cartilage, adipose tissue, muscle,
tendon and stroma (10). The ability of MSCs to overcome
cellular senescence demonstrates a resolution to prolong life
span and supports the study of MSC biogenesis on ANFH.
MSCs have been isolated from almost every tissue or organ of
the human body, including fat, bone marrow, blood, umbilical
cord, placenta, lung, skin and skeletal muscle (11). MSC based
treatments are regarded as novel methods of ANFH therapy
due to the differentiation potential of MSCs and the ease with
which they are prepared (12).

Salvia miltiorrhiza (danshen) is a widely used Chinese
herbal medicine (13). Danshen may hold promise as a sensi-
tizing agent for chemotherapy and radiotherapy to enhance
the cytotoxic effects of anti-cancer agents (14). A number of
previous studies have reported that danshen performs a variety
of biological activities, including antithrombous, antiplatelet
aggregation, moluscicide, antioxidant, antiviral and antitumor
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actions (14-17). However, the underlying mechanisms behind
how the active components function still require clarifica-
tion (15). The present study was performed to investigate the
potential therapeutic effect of danshen in ANFH.

The aim of the present study was to establish a rabbit
model of methylprednisolone (MP)-induced ANFH using
the Shwartzman response and to explore the mechanism of
MSCs migration to the necrotic area of the femoral head. The
local Shwartzman response has traditionally been produced in
rabbits using an intradermal injection of endotoxin followed by
an intravenous injection of an agent which activates neutrophils
24 h later (16). Initially, pathological changes in the femoral
head region were detected using imaging and histopathology
techniques, including magnetic resonance imaging (MRI) and
hematoxylin and eosin (H&E), Sudan III and phosphotungstic
acid hematoxylin (PATH) staining, then the number of MSCs
in the femoral head necrotic area was detected. The mRNA
expression of monocyte chemoattractant protein-1 (MCP-1)
and stromal cell-derived factor-1 (SDF-1) was measured using
reverse transcription polymerase chain reaction (RT-PCR).
The expression of bone morphogenetic protein-2 (BMP-2) and
vascular endothelial growth factor (VEGF) was also measured
to determine the ability of danshen in combination with MSCs
to promote bone re-ossification and revascularization for the
treatment of ANFH. These results were analyzed and the
feasibility of clinical treatment using danshen combined with
MSC:s transplantation for ANFH was evaluated.

Materials and methods

Experimental animals. A total of 72 male New Zealand
rabbits (age, 24 weeks; weight, 2.5+0.2 kg) were purchased
from the Experimental Animal Center of Zhejiang University
of Traditional Chinese Medicine (Hangzhou, China). The
animals were bred and maintained under a 12 h light/dark
cycle with ad libiutm access to food and water. Room tempera-
ture and relative humidity were set at 25+3°C and 60+15%,
respectively. All procedures and animal care were approved
by the Institutional Animal Care (Hangzhou, China) and Use
Ethical Review Committee of Wenzhou Medical University
(Wenzhou, China).

Isolation, culture, identification and labeling of MSCs.
MSCs from rabbits were isolated and cultured as previously
described (17). Briefly, bone marrow was extracted from the
rabbit femur and purified by density gradient centrifuga-
tion (1,600 x g; 4°C; 25 min) using Percoll solution (Sangon
Biotech Co., Ltd., Shanghai, China). The cells were cultured
in Dulbecco's Modified Eagle medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine
serum (Gibco) and incubated at 37°C in humidified air with
5% CO, for 24 h. Non-adherent cells were discarded when the
medium was refreshed, which was performed every 3-4 days.
Following culturing for three passages in vitro, the cells were
detached and incubated with the anti-rabbit antibodies, CD34
(1:300; cat. no. bs-2042R) and CD44 (1:300; cat. no. bs-0521R)
at 4°C overnight. All antibodies were purchased from BIOSS
(Beijing, China). Cells were then observed under an inverted
fluorescence microscope following immunofluorescence
staining at a magnification of x200. Following 3-4 passages,
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the MSCs were harvested and used for cell implantation.
Cultured MSCs were labeled with 5-bromo-2-deoxyuridine
(BrdU; 10 mg/l; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) overnight at 37°C according to the manufacturer's
protocol prior to transplantation. Following labeling, the cells
were washed five times with PBS to remove all excess unbound
BrdU. The MSCs were subsequently harvested (~1x107 cells
per implantation) and resuspended in IMDM media for further
use.

Establishment of a rabbit model of ANFH. A rabbit model of
ANFH was established according to the Shwartzman response
method with modifications: 20 pug/kg Escherichia coli
endotoxin (LPS) was utilized instead of the 50 ug/kg dose
utilized in the literature (18). Healthy New Zealand rabbits
were separated randomly into the normal (n=3) and model
groups (n=7; 4 of 7 rabbits succumbed). A total of 20 ug/kg LPS
(Sigma-Aldrich) was injected through an ear vein to induce
bone necrosis and this process was repeated after 24 h.
Following the second administration of LPS, 20 mg/kg MP
(Pharmacia and Upjohn; Pfizer Inc, NY, USA) was injected
through the gluteus muscle three times with an interval of 24 h
between each dose.

MRI. All rabbits were examined using a GE Signa EXCITE
1.5T MRI machine (GE Healthcare, Chicago, IL, USA). At
3 weeks an orthogonal head coil was placed on the rabbits
while they were anesthetized, with its center located on the
femoral head. The layer thickness was 3 mm and the field of
view was 240 mm?. The changes in femoral head signal and
the surrounding soft tissue were observed.

Histopathological assay. The rabbits were anesthetized using
intravenous administration with 3% sodium pentobarbital
(30 mg/kg) in an ear vein and the animals were subsequently
sacrificed via air embolism. The left femoral head was divided
into two parts along the coronal plane of the central hole and
fixed in 10% formaldehyde solution (Sangon Biotech Co., Ltd.,
Shanghai, China) at 4°C for 48 h, decalcified for 3 months with
0.27 mol/l EDTA-2Na (Sangon Biotech Co., Ltd.) at 25°C with pH
7.4.H&E and Sudan III (performed on 5 ym and 20 pm sections
obtained from the same part of the femoral head, respectively, at
room temperature for 15 min), and PATH staining (performed on
7 pm sections at room temperature for 24 h; all Sigma-Aldrich;
Merck KGaA) was performed to observe histopathological
changes using a light microscope (Olympus Corporation, Tokyo,
Japan). Following H&E staining, the number of empty bone cells
were counted at a magnification, x400 to calculate the empty
bone trap rate. Following Sudan IIT staining, the fat embolism
number (number of blood vessels with fat embolization in the
femoral head cartilage) was counted by eye using a microscope at
magnification, x200. Following PATH staining, the thrombosis
number was observed and the thrombosis rate was calculated
(thrombosis number/total blood vessels).

RT-PCR. The rabbits in the model group were sacrificed at 1,
2 and 3 weeks following the final injection of MP. RNA was
extracted from the right femoral head using a Qiagen RNeasy
Mini kit, which included the RNA buffer (cat. no. 74104,
Qiagen, Inc., Valencia, CA, USA) after the bone was milled
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Table I. Primer sequences for reverse transcription-quantitative
polymerase chain reaction.

Gene Direction Sequence (5'-3")
MCP-1 F CCGCCAGGTGGGCTAATA
R AGCAAGCAGAGCGAGGGT
SDF-1 F CCCACCATCTACTCCATCA
R GAAATCGGGAATAGTCAGC
VEGF F ATGGCAGAAGAAGGAGACA
R GCCCTGGTGAGGTTTGAT
BMP-2 F GGAAGAACTGCCAGAAAC
R GACCTGCTAATCCTCACG
[-actin F TCCTGCGTCTGGACCTGG
R GCCCGACTCGTCATACTCC

F, forward; R, reverse; MCP-1, monocyte chemoattractant protein-1;
SDEF-1, stromal cell-derived factor-1; VEGF, vascular endothelial
growth factor; BMP-2, bone morphogenetic protein-2.

(SPEX 6870 Freezer Mill; SPEX SamplePrep, Metuchen,
NIJ, USA) in liquid nitrogen. Samples were obtained from
the femoral heads of the normal group and animals were
sacrificed at the same time points as the model group. The
sequences of rabbit MCP-1, SDF-1, BMP, VEGF and -actin
genes were obtained from GenBank (https://www.ncbi.nlm.
nih.gov/nuccore). The primer sequences used are listed in
Table I. The corresponding primers were synthesized by
Sangon Biotech Co., Ltd. (Shanghai, China).

Following RNA extraction from the right femoral head a
PrimeScript™ 1st Strand cDNA Synthesis kit (Takara Bio,
Inc., Otsu, Japan) was used to reverse transcribe the RNA into
c¢DNA according to the manufacturers' protocol. RT-PCR was
performed according to the following thermocycling condi-
tions: 94°C for 3 min, followed by 40 cycles of 94°C for 30 sec,
52°C for 30 sec and 72°C for 20 sec. The relative quantification
of each gene mRNA was calculated relative to the [-actin
mRNA.

Immunohistochemistry assay. The 24 model rabbits were
randomly divided into the following four groups (n=6 in each):
Danshen (cat. no. Z33020177-2009; lot no. 0908213; Chiatai
Qingchun Bao Pharmaceutical Co. Ltd., Hangzhou China)
injection group (2 ml per rabbit), the MSCs group (1x107 cells
per rabbit), the danshen combined with MSCs group (2 ml
danshen + 1x10” MSCs per rabbit) and the model group, which
were administered physiological saline (2 ml per rabbit). The
BrdU-labeled MSCs were extracted from rabbits through
density gradient centrifugation and adherence screening
at the third generation as described above. BrdU has been
previously confirmed to have no inhibiting effect on MSC
proliferation (19). The rabbits were administered their respec-
tive treatments in two sides of the femoral artery at 4 weeks
following the final injection of MP. All rabbits were admin-
istered penicillin 3 days later to prevent infection following
treatment. At 3 and 6 weeks following treatment, 3 rabbits from
each group were sacrificed. Immunohistochemistry analysis
was used to determine the protein expression of VEGF and
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BMP-2 and the number of MSCs labeled with BrdU to evaluate
the ability of MSCs to migrate to the necrotic area. Femoral
head samples were fixed in 10% formaldehyde for 48 h at
room temperature, cut into 3-4 ym sections and embedded in
paraffin (Sangon Biotech Co., Ltd.). For VEGF, BMP-2 and
BrdU immunohistochemical staining, femoral head sections
were deparaffinized in xylene and dehydrated with graded
ethanol. After washing with distilled water, tissue peroxidase
was blocked using 3.0% hydrogen peroxide in methanol for
10 min at room temperature. For antigen retrieval using citric
acid buffer, slides were heated at 120°C for 20 min and then
cooled for 15 min at room temperature. Following washing
with PBS solution, slides were incubated with VEGF (1:100;
cat no. SC-7269; Santa Cruz Biotechnology, Inc., Dallas, TX,
USA), BMP-2 (1:100; cat no. SAB1411278) and BrdU (1:100;
cat. no. B2531; both Sigma-Aldrich; Merck KGaA) antibodies
at 37°C for 1 h. Samples were then washed with PBS in trip-
licate and incubated with anti-mouse horseradish peroxidase
(HRP) conjugated immunoglobulin G (IgG; cat. no. 7076)
or anti-rabbit HRP-conjugated IgG antibodies (cat. no. 7074;
both CST Biological Reagents Co., Ltd., Shanghai, China)
diluted (1:2,000) by Antibody Diluent Reagent Solution (cat.
no. 1956331A; Thermo Fisher Scientific, Inc.) for 30 min
at 37°C. Any immune reaction was detected using 3,3'-diami-
nobenzidine. Sections were then counterstained at room
temperature for 10 min using Meyer's hematoxylin, dehydrated
and mounted. The known positive samples were then utilized
as positive controls. Following immunohistochemical staining
using the Histostain-Plus kit (Mai Bio Co, Ltd., China), the cell
number was counted under a light microscope at magnifica-
tion, x400.

Statistical analysis. All statistical analyses were performed
using SPSS software, version 13 (SPSS, Inc., Chicago, IL,
USA). Data are presented as the mean + standard deviation
and all tests were performed in triplicate. Statistical compari-
sons between two groups were made using Student's t-test.
One-way analysis of variance followed by a post hoc Tukey's
test was used to analyze differences among multiple groups.
P<0.05 was considered to indicate a statistically significant
difference.

Results

MRI. There was no clear abnormality observed in the normal
group femoral heads (Fig. 1A). In T2 weighted imaging, MRI
revealed a normal joint space of the femoral head in the rabbit
model and an infusion in the joint cavity. The right femoral
head exhibited scattered spots in the medium-high signal
region and inhomogeneous low signal mixing. MRI images
of the model group revealed that the femoral head was not
smooth (Fig. 1B).

Histopathology results. H&E staining revealed that in the
normal group, the trabecular bone was complete and arranged,
the bone marrow was rich in hematopoietic cells and osteo-
blasts were observed on the surface of the trabecular bone
(Fig. 1C). Cancellous bone near the femoral neck had under-
gone bone necrosis at week 4 in the model group; this was
accompanied by neutrophil aggregation (Fig. 1D).
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Figure 1. Histopathology of the rabbit tissue in the normal group and the model group. Magnetic resonance imaging scans were performed on rabbits in the
(A) normal and (B) model group and representative images are presented. Hematoxylin and eosin staining was performed on tissue from the (C) normal group
(arrows indicate osteoblasts) and the (D) model group (arrows indicate empty bone cells). (E) Sudan III staining was performed on tissue from the model group
(arrows indicate fat emboli). (F) Phosphotungstic acid hematoxylin staining was performed on tissue from the model group (arrows indicate fibrin emboli). All

the images were obtained at a magnification, x100.

Sudan III staining demonstrated that there was no notable
steatosis or lipid embolism in the liver and kidneys in the model
group (Fig. 1E). Lipid droplets filled with cellular fluid were
observed and the nucleus appeared misshapen under pres-
sure. In the normal group, the lipid droplets in the bone cells
were not clear, the fat cells in the bone marrow were smaller
compared with the model group and the hematopoietic cells
were observed in the voids of the bone marrow (data not shown).

The model group exhibited a large number of fibrin
embolus in the femoral head cartilage, which was observed by
PATH staining (Fig. 1F). The presence of fibrin embolus was
less common in the control group (data not shown).

The empty bone rate, fat embolism rate and thromboem-
bolism rate were calculated according to the aforementioned
results and are presented in Fig. 2. The empty bone, fatembolism
and thromboembolism rates were all significantly increased in
the model group compared with the normal group (P<0.05).

BrdU-labeled MSCs are increased in the model group
compared with the normal group. At 3 weeks, few
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Figure 2. Proportion of empty bone, fat emboli and thromboembolism were
compared between the groups. Using the stained tissue, the proportion of
empty bone, fat emboli and thromboembolism was determined in the normal
and model groups. “P<0.05 vs. normal group.

BrdU-labeled MSCs were detected in the normal group
(Fig. 3A), whereas a greater number of BrdU-labeled MSCs
were observed in the model group (Fig. 3B). The nuclei were
stained brown. There was a significantly higher number
of MSCs observed in the model group compared with the
normal group (P<0.05; Fig. 3C).
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Figure 4. Relative MCP-1 and SDF-1 mRNA expression. The chemokine
expression of MCP-1 and SDF-1, normalized to 3-actin was measured at
weeks 1,2 and 3 following the final injection of methylprednisolone to develop
the rabbit model of avascular necrosis of femoral head. “P<0.05 vs. the
normal group. MCP-1, monocyte chemoattractant protein-1; SDF-1, stromal
cell-derived factor-1.

Expression of MCP-1 and SDF-1 are significantly increased in
the model group. RT-PCR revealed that the chemokine expres-
sion of MCP-1 and SDF-1 was significantly increased in the
model group compared with the normal group at all time points
measured (P<0.05; Fig. 4). These results suggest that in the
necrotic femoral head MCP-1 and SDF-1 mRNA expression
was increased and continued for an extended period of time.

Expression of BMP-2 and VEGF. At 3 weeks following the
final administration of MSCs and danshen, the mRNA expres-
sion of BMP-2 and VEGEF in the femoral head and surrounding
area was significantly increased in the groups treated with

MSCs, danshen, or a combination of the two compared with
the model group (P<0.05; Fig. 5), Similar results were observed
at 6 weeks. There was no significant difference observed
between the results at 3 weeks and the results at 6 weeks.
These results suggest that the expression of BMP-2 and VEGF
mRNA is increased by treatment with danshen or MSCs, but
this difference is not time-dependent. The group that received
MSC in combination with danshen demonstrated a significant
increase in the level of BMP-2 compared with the single treat-
ment groups (P<0.05). The mRNA expression results were
consistent with the immunohistochemistry results.

Protein expression of MCP-2 and VEGF in the femoral head.
Immunohistochemistry staining was performed on tissue
samples from each treatment group at 3 and 6 weeks following
treatment (Fig. 6) The immunohistochemistry results revealed
that the protein expression rates of BMP-2 and VEGF in
the femoral head at 3 and 6 weeks following treatment were
significantly higher in all groups treated with MSCs and/or
danshen compared with the model group (P<0.05; Fig. 5B).
However there was no significant difference between the BMP-2
and VEGFexpressioninall of the groups at week 3 compared with
week 6. This suggests that the expression of BMP-2 and VEGF
may be increased by the injection of danshen and MSCs, either
individually or in combination, but this is not time-dependent.
The positive expression rate of BMP-2 and VEGF in the MSCs
and danshen group was significantly increased compared with
that of the MSCs or danshen only groups (P<0.05). At week
6 the MSCs with danshen group had a significantly increased
BMP-2 expression compared with week 3 (P<0.05), however
this was not observed for VEGF expression. This suggests
that the effect of danshen combined with MSCs was higher
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Figure 6. Immunohistochemistry of VEGF and BMP-2. Tissue samples underwent immunohistochemistry staining to detect the expression of VEGF and
BMP-2 at different time points following treatment with danshen and MSCs alone or in combination. Representative images are presented (magnifica-
tion, x100). BMP-2, bone morphogenetic protein-2; VEGF, vascular endothelial growth factor; MSC, mesenchymal stem cell.

compared with a single administration of either danshen or
MSCs and that BMP-2 expression increased over an extended
period of time.

Discussion

The rabbit model of hormone-induced ANFH has been used to
study ANFH for a number of years. At present, there are many

different types of model available to study ANFH including
the serological necrosis model and Shwartzman response
model (18-21). As ANFH is not reversible it is important to
develop novel therapeutic agents for its early diagnosis and
treatment. Previously, hormones have been used to induce
ANFH with limited success (22). In the present study, the
improved Shwartzman response model (18) was used to
develop ANFH via administration of MP following LPS,



EXPERIMENTAL AND THERAPEUTIC MEDICINE 18: 163-171, 2019

which induced experimental femoral head necrosis with a low
mortality rate. These aforementioned improved models are
of great value in the future study of the ANFH. In clinical
practice, MRI is the most accurate imaging method available
and is particularly useful to diagnose ANFH at its early stage
when changes are only visible in the bone marrow (23). In the
present study MRI scans revealed an edema and a spot-like
high level signal in the right femoral head. These results are
consistent with the image characteristics of ANFH (24). The
histopathological methodologies used in the present study,
including H&E, Sudan III and PATH staining revealed that the
rabbit model of ANFH was successfully established.

Chemokines are small molecular weight proteins (8-13 kDa)
and are categorized into four different families (CC, CXC,
CX3C and C) based on the presence of NH, terminal cysteine
motifs (24). Chemokine receptors are typical G protein-coupled
transmembrane proteins (24). When the associated chemokine
ligand binds with the chemokine receptor, Gal and Gf3-y
subunits dissociate and activate phosphatidylinositol 3-kinase
and small Rho guanosine triphosphatase, which leads to cellular
calcium influx (25). Chemokine receptors are typically expressed
by leukocyte subsets and immune cells generally carry different
sets of chemokine receptors (26). The roles of chemokines
relevant to orthopedic implant debris includes pro-inflammatory
cytokine production, pyroptosis, apoptosis, angiogenesis and
collagen production, which act together to product aseptic bone
reabsorption around implants (27). In the present study RT-PCR
revealed that the expression of MCP-1 and SDF-1 mRNA was
significantly increased in the model group compared with the
normal group, which may be associated with the repair of the
femoral head as a previous study revealed that MCP-1 mRNA
and SDF-1 may attract MSCs to the necrotic area by chemotaxis
and then use the MSCs to repair injury (25). However, the specific
repair mechanisms require further study to be fully understood.

Osteoblasts, osteoclasts and mesenchymal stem cells secrete
BMP-2 and VEGF for bone growth and repair. Previous studies
have demonstrated that the combined use of BMP-2 and VEGF
is superior to their use alone, as they have a synergistic effect
in promoting bone regeneration and vascularization (28-30). In
the present study, immunohistochemical detection and RT-PCR
revealed that BMP-2 and VEGF had a significantly increased
expression in groups administered the combined treatment of
danshen and MSCs compared with the single treatment groups.
The combined use of danshen and MSCs may have synergistic
effects in promoting the attachment, proliferation, osteogenic
and angiogenic activities of MSCs. It was observed that treat-
ment with MSCs or danshen separately induced a significant
increase in BMP-2 and VEGF expression compared with the
model group and the danshen and MSCs group had signifi-
cantly increased expression of BMP-2 and VEGF compared
with the single treatment groups. This indicates that the effect
of danshen combined with MSCs on femoral artery interven-
tion was better than danshen or MSCs treatment alone. The role
of BMP-2 and VEGF in promoting bone and vessel formation
in vivo may be due to its induction of the proliferation and
osteogenic and angiogenic differentiation in bone MSCs. High
expression of BMP-2 and VEGF may accelerate re-vasculariza-
tion and re-ossification in patients with ANFH.

Clinicians have suggested that an ideal treatment should
consider pain relief, preservation or restoration of the integrity of
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the femoral head and prevention of deterioration of the hip (31).
Several treatment methods and procedures have been performed
to try and cure ANFH, including core decompression (32-34),
electrical stimulation (35,36), transtrochanteric rotational oste-
otomy (37), non-vascularized structural grafting (38,39) and a
vascularized bone graft (40,41). However, none of these offer a
complete cure (42,43) and to the best of our knowledge there is
no treatment currently available that effectively reduces painful
necrotic bone without damaging native hip geometry. Therefore,
the development of a therapeutic treatment that is low risk, mini-
mally invasive, low cost, easily applied and effective is currently
of major focus in the orthopedic field. Due to developments in
tissue engineering, stem cell transplantation has become a good
alternative for tissue repair and is an applicable methodology
for ANFH due to the ability of MSCs to differentiate into osteo-
blasts, chondrocytes, muscle and fat cells (44). To improve the
therapeutic effect and reduce trauma, the present study treated
ANFH with the co-transplantation of MSCs and danshen injec-
tion. The aim of gene therapy for osteonecrosis disease is bone
and vessel regeneration and previous studies have confirmed that
bone and vessel regeneration is mediated by BMP-2 and VEGF,
which are critical for bone repair (28,45). Previous studies
have reported that BMP-2 and VEGF may promote self-repair
of necrotic femoral heads (46,47), in the present study, it was
observed that MSCs combined with Danshen promoted BMP-2
and VEGF expression, which is regarded as a critical factor to
promote revascularization and re-ossification.

In the present study it was confirmed that LPS and MP
induce ANFH in a rabbit model. Additionally, following the
administration of MSCs and danshen into the femoral artery,
a significantly increased number of BrdU-labeled MSCs were
observed and there was a significant increase in the expression
of MCP-1 and SDF-1, BMP-2 and VEGF compared with the
groups without treatment. When transferred to a clinical setting,
these results suggest that MSCs combined with danshen may
be used as a novel approach to treat ANFH, as they increase
the expression of BMP-2 and VEGF in the necrotic bone area
and therefore accelerate the process of revascularization and
re-ossification.
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