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Abstract

Purpose: Ghrelin is an endogenous ligand for growth hormone secretagogue receptor. The current
study was aimed at examining the effect of ghrelin on avascular necrosis of the femoral head (ANFH)
induced by steroids in a rabbit model and also exploring the underlying mechanism.

Methods: Experimental rabbits were separated into three groups: Control, Vehicle and Ghrelin. We
established a steroid-induced ANFH model in rabbits. Then, MRI scanning and hematoxylin-eosin
staining (HE) were conducted to see ANFH. The mRNA levels of Vascular Endothelial Growth Factor
(VEGF) and Bone Morphogenetic Protein 2 (BMP-2) were evaluated using real-time qRT-PCR.

Results: Rabbits in the Vehicle group showed increased empty bone lacunae, reduced bone trabecula
in femoral head; the number of hematopoietic cells in the bone marrow was reduced, whereas number
of adipocytes increased with evident fusion phenomenon in comparison with the Control group. All of
the changes induced in Vehicle group were attenuated in Ghrelin group. MRI scanning showed obvious
necrosis of femoral head in the Vehicle group and less in the Ghrelin group. The mRNA levels of VEGF
and BMP-2 were raised in Vehicle group and further enhanced in Ghrelin group.

Conclusion: Ghrelin attenuates steroid-induced avascular necrosis in femoral head in rabbit model. A
possible mechanism may be through VEGF/BMP-2 axis.
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INTRODUCTION

dyslipidemia, and

imbalance between osteo-

Avascular necrosis of the femoral head (ANFH)
is a progressive and disabling illness, which
eventually results in femoral head collapse and
hip arthroplasty [1]. Corticosteroid and alcohol
are among the most common risk factors for
ANFH. To date, multiple mechanisms have been
proposed for the pathogenesis of ANFH,
including local microvascular  disturbance,

blasts and osteoclasts activities [2]. So far, no
effective therapy is available for the treatment of
ANFH, except prosthetic replacement.

Ghrelin is a gut-derived peptide hormone, which
is initially discovered as the ligand for growth
hormone secretagogue receptor. Apart from its
ability to promote growth hormone, ghrelin plays
an important role in food intake regulation and
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energy metabolism [3-6]. Increasing evidence
displays the functions of ghrelin in bone
metabolism. In vitro studies have shown that
ghrelin stimulates osteoblast proliferation and
differentiation, although, it has an inhibitory effect
on murine osteoclast differentiation [7,8]. It is well
known that growth hormone plays an essential
role in postnatal bone growth [9], and thus
ghrelin may regulate bone metabolism indirectly
through stimulating growth hormone release.
Moreover, recent studies showed that ghrelin
benefited cardiovascular system [10], and
protected heart from ischemia-reperfusion injury
[11]. An experimental study showed ghrelin
protection against ischemic necrosis in
musculocutaneous tissues and improved local
microcirculation [12].

Given the above evidence, we hypothesized that
ghrelin may play a role in the avascular necrosis
of the femoral head. In this study, we examined
the effect of ghrelin on steroid-induced ANFH in
a rabbit model, and explored the possible
mechanism.

EXPERIMENTAL

Reagent used for the study

Ghrelin  was purchased from Biovision
(BioVisionInc; San Francisco, USA). Solu-
Mdrol™  Methylprednisolone (Pharmacia &

Upjohn, Belgium), Horse serum (Sigma, USA);

RNAios Plus (Takara Biotechnology, Dalian,
China); PrimeScript RT reagenKit (Takara
Biotechnology, Dalian, China) and SYBR

Premmix EX TaqTM (Takara Biotechnology,
Dalian, China) were purchased from standard
suppliers.

Establishment of avascular necrosis of
femoral head model

All the animal experiments were conducted
according to the Principles of Laboratory Animal
Care (NIH Publication No. 86-23, revised in
1985) and approved by the Ethics Committee of
Shandong University, China. Healthy male New
Zealand rabbits, 2.5kg to 3.0kg, were provided
by Shandong University Animal Center (Jinan,
China). To establish the model of ANFH, the
rabbits were injected with horse serum (10ml/kg)
at the first and third weeks via the ear vein. At
the fifth week, the animals were injected with
methylprednisolone (40mg/kg) intraperitoneally
one time every day for three consecutive days.
Ten (10) rabbits were used as normal controls,
which received injections with equal volumes of
saline. The model rabbits were then split into two
groups: Ghrelin group (10) and Vehicle group

(10). Rabbits in the Ghrelin group were injected
with Ghrelin (25ug/kg/day) intraperitoneally for 2
weeks; rabbits in Vehicle group were injected
with equal volumes of saline. After 2 weeks, the
rabbits were sacrificed by air embolism, and
femoral heads were collected for analysis.
Successful model establishment was confirmed
by MRI scanning of the femoral heads.

MRI scanning

MRI scanning was conducted 2 weeks after the
last methylprednisolone injection at the end of
the experiments before the rabbits were
sacrificed. The scanning was done using midfield
magnetic field strand of 1 Tesla following general
anaesthesia (pre-anaesthesia: ketamine 20-40
mg/kg + Diazepam 1-5 mg/kg im; induction:
propofol 3-10 mg/kg iv; maintenance: 1-4%
inhalation).

Histochemical examination

After the rabbits were sacrificed, the femoral
heads were collected quickly and fixed by 10%
formalin for 24 hours, followed by decalcification
in nitric acid solution (5%) for 7 days. After
paraffin—-embedding, slices of 5um were made
for hematoxylin-eosin staining (HE) staining.
Histochemical examination was conducted under
a microscope (Olympus CX31, Japan). Ten (10)
randomly selected fields from each slice were
observed and photographed.

Real time qRT-PCR

After washing with PBS, femoral head sample
was frozen in liquid nitrogen, and then grinded in
a mortar until it became powder. Total RNA was
extracted using RNAios Kit (Takara, Shanghai,
China) following the manufacturer's guide. An
aliquot of 1ug of RNA was reverse-transcribed
into cDNA at 42°C for 40 min with 200 U of M-
MLV reverse-transcriptase (MBI) and 0.5ug of
oligo (dT) primers in a 20ul reaction mixture.
Aliquot of 2 yl cDNA was added to 1x TagMan
buffer (Takara, Shanghai, China). The PCR was
done at the following conditions: pre-denaturation
for 3min at 95°C, and then 40 cycles of
denaturation for 60s at 93°C, annealing for 60s at
55°C, elongation for 60s at 72°C. The
corresponding melting curve analysis was done
at 95°C. The mRNA levels were analysed using a
comparative Ct method (Applied Biosystems;
CA, USA). The target gene expressions were
normalized to f-actin. The primers were
designed on Primer Express® software (Applied
Biosystems) and the sequences are: B-actin,
Forward: 5’-tgcgggacatcaaggagaa-3’; Reverse
5’-aggaaggagggctggaaca-3’; Vascular endothe-
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lial growth factor (VEGF), Forward, 5-aatgatg
aaagcctggagtgtg-3’; Reverse: 5'-tcacatttgttgtgctgt
aggaag-3’; Bone Morphogenetic Protein 2 (BMP-
2), Forward, 5'-tttggtcaactccgtgaactctaa -3’;
Reverse, 5'- acacccacaaccctccaca-3'.

Statistical analysis

All data were presented as mean + SEM.
Comparison of mean was done using analysis of
variance (ANOVA) and Newman-Keuls test.
SPSS 13.0 software was used for all statistical
analysis. A p value less than 0.05 was
considered statistically significant.

RESULTS

Evaluation of the avascular necrosis of
femoral head

MRI scanning was conducted to evaluate the
avascular necrosis of the femoral head upon the
establishment of ANFH model and after ghrelin
treatment. The Control group displayed schistic
signal in T1 weight imaging and normal signal in
T2 weight imaging, and no liquid signal was
detected in the hip joint cavity. In the Vehicle
group, it displayed schistic long signal in T1
weight imaging and slightly long signal in T2
weight imaging. Obvious liquid signal was
detected in the hip joint cavity, suggestive of
bilateral avascular necrosis. Compared with the
Vehicle group, all of these changes were
attenuated in Ghrelin group (Figure 1).

Effect of ghrelin on femoral head avascular
necrosis

To further evaluate the effect of ghrelin on
femoral head avascular necrosis, histochemical
staining was conducted after treatment and the
results obtained are shown in Figure 2. In the
control group, bone trabecula were arranged
regularly and tightly. The cells in cortical bone
and bone trabecula were clearly visible with
nucleus in the center. Blood vessels were
affluent and the adipocytes were sparse in the
bone marrow without fusion phenomenon. In
Vehicle group, the hierarchy of cartiiage was
generally normal. The nucleus of cells in cortical
bone and bone trabecula were concentrated, and
located on one side. Empty bone lacunae were
increased. Bone trabecula was sparse, slender
and incomplete. In the bone marrow, the number
of hematopoietic cells were reduced, whereas
the number of adipocytes was increased with
evident fusion phenomenon. Compared with the
vehicle group, all of these changes were
improved in Ghrelin group.

Control group

Vehicle group

Ghrelin group

Figure1: MRI scan of the femoral head of rabbits.
After treatment, femoral head avascular necrosis was
evaluated by MRI scanning. Representative photos
from each group were shown. T1: T1 weight imaging
(left panel); T2: T2 weight imaging (right panel)

Control group

Vehicle group

Figure 2: Histochemical analysis of femoral head
tissues of rabbits. After treatment, femoral head
avascular necrosis was evaluated by histochemical
staining. Representative photos from each group were
shown. (Magnification 400X)
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Figure 3: Effects of ghrelin on mRNA expressions of
VEGF and BMP-2. After treatment, the mRNA
expressions of VEGF and BMP-2 were determined by
real time RT-PCR. (A) VEGF mRNA expression in
each group (n=3). (B) BMP-2 mRNA expression in
each group (n=3). *P<0.05, vs. Control group, *P<
0.01, vs. Control group; 4p <0.05, vs. vehicle group
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Effects of Ghrelin on VEGF and BMP-2 mRNA
expression

Compared with the control group, the mRNA
levels of VEGF and BMP-2 in the femoral head
tissues were significantly increased in vehicle
group. In Ghrelin group, the mRNA levels of
VEGF and BMP-2 were further increased
compared to Vehicle group as shown in Figure 3.

DISCUSSION

Avascular necrosis of the femoral head (ANFH)
is a common and disabling disease in older
people, especially those with exposure to
corticosteroid and alcohol abuse. So far, the
effectiveness of available therapeutic measures
for ANFH is unsatisfactory. Ghrelin is a 28-
amino-acid peptide that is primarily produced in
the stomach, where it is synthesized and
secreted from a distinct endocrine cell types in
the submucosal layer [3,13-15]. Ghrelin is a
natural ligand of the growth hormone
secretagogue receptor [3] through which ghrelin
stimulates the release of growth hormone
[16,17].

In the present study, we examined the effect of
ghrelin on steroid-induced ANFH in a rabbit
model. After the establishment of the Control,
Vehicle and Ghrelin groups, the observations
from the MRI scan revealed certain cellular and
anatomical features, which suggested bilateral
avascular necrosis in the vehicle group, but there
was significant improvement of these changes in
the Ghrelin group. A similar trend was also
observed for the histochemical analysis. The
results obtained suggested that ghrelin had
beneficial effects in the repair process following
femoral head avascular necrosis.

To date, multiple mechanisms have been
proposed for the pathogenesis of steroid-induced
ANFH. VEGF is one of the most potent
proangiogenic growth factors identified so far. A
previous study showed that VEGF produced by
the chondrocytes in human neonatal growth plate
cartilage plays a role in the regulation of vascular
invasion of the growth plate [18]. In addition to its
effect on blood vessel formation, VEGF has been
shown to promote the repair of bone by
enhancing osteoclastic bone resorption and
survival of mature osteoclasts [19]. Bone
morphogenetic protein-2 (BMP-2) is another
growth factor that has been implicated to be
produced in the bone tissues, which can
stimulate the proliferation and differentiation of
bone precursor cells in autocrine and paracrine
manners. Both in vitro and in vivo studies
showed that BMP-2 plays important roles in bone

formation, growth and repair [20,21]. In BMP-2-
deficient mice, the earliest steps of bone fracture
healing is often blocked [22].

To explore the possible mechanism, we
examined the effect of ghrelin on BMP-2 and
VEGF expressions. In the present study, our
results showed that ghrelin treatment significantly
increased BMP-2 and VEGF expressions in the
femoral head. BMP-2 expression was up-
regulated 2 weeks after the induction of ANFH. In
spite of this, the precise mechanism is unclear. It
is possible that the up-regulation of BMP-2 after
ANFH induction could be a physiological
response to initiate bone repair.

The up-regulation of BMP-2 following ANFH was
further enhanced by ghrelin treatment. Similarly,
VEGF expression was also up-regulated
following ANFH, which was enhanced by ghrelin
treatment. These results are in line with a
previous study which showed that ghrelin up-
regulated VEGF expression in the skin capillary
endothelial cells in mice. These findings suggest
that ghrelin may promote bone repair after
ANFH, at least partly through the up-regulation of
VEGF and BMP-2.

CONCLUSION

Our results indicated that ghrelin has a beneficial
effect on the healing process of steroid-induced
ANFH. A possible mechanism may be through
the induction of VEGF and BMP-2 expression.
These findings raise the possibility of using
ghrelin as a drug in the treatment of ANFH in
clinical setting.
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