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This study aims to investigate the effect of ultra-short wave on hormone-induced ischemic necrosis of
femoral head in early stage by using an Avascular necrosis of the femoral head (ANFH) rabbit model.
Horse serum was administered to male rabbits via the marginal ear vein, whereas control rabbits
received saline. After five weeks, the rabbits with horse serum were injected with methylprednisolone.
Blood-lipoids and hemodynamic parameters were analyzed. Collagen type | was analyzed by using
immunohistochemistry. Pathological examination of femoral head was analyzed by hematoxylin-eosin
(HE) staining; Expression of vascular endothelial growth factor (VEGF) and BMP-2 mRNA was analyzed
by RT-PCR. Results revealed that when compared with control group, the difference in model group was
significant (P<0.05 or P<0.01), with regard to TXB2, 6-keto-PGF1a, blood fat level, T/P, and
hemodynamic parameters, while compared with model group, the difference of USW group was
significant (P<0.05 or P<0.01). The expression of collagen type | was significantly lower in the model
animals than that in the controls, while that of the USW diathermy group was significantly higher than
the control group (P<0.05). Pathology index was significantly different in the USW diathermy animals
than that in the controls (P<0.05). Real-time PCR showed that VEGF mRNA and BMP-2 mRNA levels in
the model group were higher significantly as compared to those in the control group (P<0.01), while that
in the diathermy group were significantly higher than those in the model group (P<0.01). The study thus
revealed that ultra-short wave has a positive curative effect on ANFH.

Key words: Ultra-short wave, Avascular necrosis of the femoral head (ANFH), Collagen Type |, VEGF mRNA,
BMP-2 mRNA.

INTRODUCTION

Avascular necrosis of the femoral head (ANFH) is a (Shi et al, 2010). Femoral head osteonecrosis is
pathologic process that results from interruption of blood common in China (Zhao and Wang, 2007). The etiology
supply to the bone which might lead to eventual collapse of femoral head osteonecrosis involves trauma and non-
of bone structure if there is no immediate intervention traumatic factors such as corticosteroid use, high alcohol
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intake, genetic predisposition, Gaucher’s disease,
radiation, chronic pancreatitis, HIV as well as idiopathic
causes (Miller et al., 2002). Hormone therapy is the most
common cause of non-traumatic ANFH (Assouline-Dayan
et al., 2002).

Hormone, especially corticosteroid, has been widely
used in clinic. Although corticosteroid can provide striking
effects on various diseases, it also could have adverse
effects including growth retardation, obesity, osteoporosis
hyperglycemia, osteonecrosis, cataract, and Cushing
syndrome, (Ahmed et al., 2012) particularly after high
dosages and long-term use (Gulati et al., 2003; Hougardy
et al., 2000). Recently, more cases of ANFH induced by
corticosteroid have been reported. The therapeutic effect
of ANFN is often not satisfactory, while patients with
ANFH usually end up with hip arthroplasty. So it is
worthwhile to prevent and cure ANFH before the lesion
reaches the stage when arthroplasty becomes an
inevitable option. In the early stage, there are several
options, such as anti-lipid drugs and Chinese medicine,
but the effect is often not satisfactory (Dotti et al., 2002).

The application of ultra-short wave (USW) therapy in
rehabilitation medicine has become more and more
extensive, especially in peripheral circulatory system
(Zhang et al, 2008). USW therapy can resolve
inflammatory  states, reduce swelling, promote
vasodilation, and ameliorate blood circulation (Pang et
al.,, 2013). Thus, USW was widely used in acute or
chronic inflammatory disease, and have a positive effect.
However, the effect of ultra-short wave on ANFN femoral
head injury was not completely understood. In this study,
we used horse serum and hormone to establish ANFN
rabbit model. Then, we evaluated the effects of USW on
ANFN femoral head injury in early stage. In addition, the
potential mechanism was also investigated.

MATERIALS AND METHODS

Animal experiments were conducted in accordance to the Principles
of Laboratory Animal Care (NIH Publication No. 86-23, revised
1985) and the Regulations of the Committee on the Use and Care
of Animals of Shandong University in Jinan, China. This study was
approved by the Ethics Committee of the Second Hospital of
Shandong University in Jinan, China.

Chemicals and reagents

Methylprednisolone was purchased from US (Chinese Drug
Approval Number: H20040338). Horse serum was purchased from
US. Immunohistochemical kit of streptavidin biotin-peroxidase
complex (SABC) and collagen Type | polyclonal antibody of rabbit
were both purchased from Tianlai Biotechnology Co. Ltd (Beijing,
PRC)

Animals and experimental proceeding

Male New Zealand rabbits aging 24 weeks and weighing 2.5 to 3.0
kg were provided by the Laboratory Animal Center of Shandong

University (Jinan, Shandong, China). Prior to the experiments,
animals were adapted to new environment for one week. In the
present study, animals were housed in separate cages under
diurnal lightning conditions with free access to food and water.

After acclimatization, the animals were randomly divided into 3
groups: blank control group (group A), model group (group B) and
experiment group (group C) (n =10 in each group). Rabbits in
model and experiment group were injected with horse serum (15
ml/kg) via the ear vein in the first and third week. Meanwhile, the
control rabbits received saline. After five weeks, the rabbits
receiving horse serum were injected with methylprednisolone (40
mg/kg) intraperitoneally daily for three days. Rabbits in control
group received the same dose of saline. The rabbits in experiment
group were treated with USW diathermy treatment from the sixth
week. The USW therapy apparatus is floor-type LDT-CD31
electrotherapy machine (Shanghai, China). It has a frequency of
40.68 MHz, the wavelength of 7.3 m, the utmost output power of
200w and two electrodes of 20 cm multiplied by 15 cm. The
electrodes are put both sides of the hip of a controlled rabbit with a
gap of 2 to 3 cm between the electrode and the skin. Tiny quantity
of heat is needed. Continuous treatment lasts 3 weeks, 15 min once
per day, to an end in the 9th week.

Observation of general condition

The weight changes, color and luster of hair and tail, and activity of
all the rabbits were recorded.

Blood-lipoids and hemodynamic parameters

In the 10th week, 3 ml venous blood was obtained from marginal
ear vein of each rabbit. Then blood was centrifuged at 3000 rpm for
10 min to collect serum. Total cholesterol (TCH) and triglyceride
(TG) were detected by the blood cell analyzer using partial serum,
and the rest was reserved at -20°C. Serum thromboxane B2 (TXB2,
the stable metabolites of TXA2) and 6-Keto prostaglandin F1 alpha
(6-keto-PGF1a, the stable metabolites of PGI2) were detected with
the EIA kit (Cayman co. Ltd). TXB2/6-keto-PGF1a (T/P)
representing balance of TXA2-PGI2 was calculated. Venous blood
(4 ml) was obtained from the opposite side of marginal ear vein,
mixed with heparin to prevent blood coagulation. Hemodynamic
parameters were detected using fully automatic blood rheometer
(FASCO-3010A).

Immunohistochemistry for collagen Type |

At the end of the 12" week, the rabbits were sacrificed through air
embolism. Then bilateral femoral head of rabbit tissue was taken
immediately. Femoral head tissues were stored in 10% formalin,
fixed at room temperature for 36 ~ 72 h. The fixed tissue was
decalcified with 20% EDTA (ethylene diamine tetraacetic acid) for
preparation of paraffin section. The section was dewaxed and
washed with phosphate buffer solution (PBS) flushing to repair
tissue antigen. The first antibody, biotinylated sheep-anti-rabbit
horseradish peroxidase (HRP) polymer and avidin-biotinylated-
enzyme complex (ABC) were added, and colored using hydrogen
peroxide after PBS flushing. The reaction was terminated until the
orange-yellow granules occurred under microscope. The sections
were stained with hematoxylin, dehydrated with alcohol, and sealed
with neutral resins. We observed the immune complex deposition
area and strength of immune response. The orange-yellow flake or
granular staining was considered as standard positive reaction. The
collagen Type | level was positively related to the intensity of
immunohistochemical staining grading five levels.
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Table 1. Oligonucleotide sequences of primers.

Gene Sequence

VEGF Forward primer 5-AATGATGAAAGCCTGGAGTGTG-3’
Reverse primer 5-TCACATTTGTTGTGCTGTAGGAAG-3

BMP-2 Forward primer 5-TTTGGTCAACTCCGTGAACTCTAA-3
Reverse primer 5-ACACCCACAACCCTCCACA-3

B-actin Forward primer 5-TGCGGGACATCAAGGAGAA-3’

Reverse primer

5-AGGAAGGAGGGCTGGAACA-3’

Pathological examination of femoral head

The fixed tissue was decalcified in 5% salpeter solution for one
week, dehydrated using graded ethanol, wrap with wax immersion,
and embedded in paraffin. Then it was sliced into sections up to
about 5 pm thick using a microtome, and the sections were
dewaxed, stained by routine HE staining. Morphological changes of
osteoblast and osteoclast, the empty cartilage cell lacunae, and the
density of blood vessels under the cartilage were observed.
Meanwhile, the thickness of femoral head cartilage, the width of
bone trabeculae, the diameters of fat cells and the adipocyte area
rates were analyzed using image analysis system.

Real-time PCR analysis of the femoral head tissues

Femoral head was frozen quickly through liquid nitrogen and
reserved in cryogenic refrigerator. The expression of VEGF and
BMP-2 mRNA in the femoral head was detected by quantitative
real-time PCR. The oligonucleotide sequences of the primers were
synthesized by TaKaRa Bio (China) (Table. 1). And all the reagent
kits used bellow were provided by TaKaRa Bio (China). Total RNA
was extracted with Trizol reagent (Invitrogen, USA). Then the
purified RNA was diluted up to 500 ng pl™" and 3 ul RNA was utilized
to synthesize cDNA with Prime-Script RT reagent kit. Following
manufacturer’s instruction, the mixture was incubated at 37°C for
45 min, 85°C for 5 s and 4°C for 7 min. Real-time PCR was
performed with SYBR1Premix Ex Tag TM kit and qPCR system.
The cycling parameters were set as follows: initial denaturation at
95°C for 30 s, followed by 40 cycles at 95°C for 5 s and 60°C for 30
s, and final melting curve analysis for distinguishing main PCR
products from primer dimers. The cycle number where the
amplification curve crossed the threshold line was noted as the
critical threshold (CT) and the gene expression was calculated by
the comparative Cr (222°™) method, using B-actin as the control
housekeeping gene for normalization.

Statistical analysis

All data were presented as means + SD and analyzed with one-way
analysis of variance (ANOVA) and Student’s t-test. P value < 0.05
was considered statistically significant.

RESULTS
General condition

After induction of ANFN, all ANFN groups showed less
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Figure 1. The ultra-short wave improved the weight following
ANFN. The weight was measured as described in “Materials and
Methods”. The aggregate score represents the average weight
per animal (n=20 for each group). *P < 0.01 vs. Group A, AP <
0.05 vs. Group B. Group A: control; Group B: vehicle treated
ANFN; Group C: ultra-short wave treated ANFN.

weight growth as compared with control group. After
USW therapy, weight of rabbits grew more as compared
with the model group (Figure 1). Rabbits of model group
were depressed, and had fluffy lackluster fur, awkward
hind limbs, short bounce distance and height. In contrast,
the rabbits after treatment, which had glossy fur, sensitive
activity, and long bounce distance and height, were
active. The USW therapy significantly improved the
weight and motility.

Effect of USW on blood-lipoids and hemodynamic
parameters

When compared with control group, the difference of
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Table 2. TXB2, 6-keto-PGF1q, T/P, blood fat level analysis (meantSD).

Group TXB2(pg/ml) 6-keto-PGF1a(pg/ml) T/IP TG(mmol/L) TCH(mmol/L)
A 170.5+39.8 241.6452.3 0.6£0.2 0.7£0.2 1.5+0.5
B 450.1+£108.6* 140.3+£25.2* 3.2+0.5* 3.0+0.8* 4.1+£0.4*
C 227.1+52.5*A 235.64£71.8*A 0.9+0.2*A 1.3£0.4*A 2.6+0.6"A

*P < 0.05 vs. Group A; AP < 0.05 vs. Group B. Group A: control; Group B: vehicle treated ANFN; Group C: ultra-short wave

treated ANFN.

Table 3. Hemodynamics analysis (meanSD).

Group WBLSV (mPa.s) WBHSV (mPa.s) PV (mPa.s) Equation K value EDI
A 6.33+0.58 4.21+0.32 1.56+0.21 13.91+4.18 0.79+0.09
B 11.27+0.75* 6.98+0.50" 2.02+0.46* 38.16+£1.79* 0.90+0.03
C 8.70£0.71*A 5.03+0.38*A 1.70£0.32 30.12+2.01*A 0.93+0.11

*P < 0.05 vs. Group A; AP < 0.05 vs. Group B. Group A: control; Group B: vehicle treated ANFN; Group C: ultra-short wave treated
ANFN. WBLSV: whole blood low sheathed viscosity; WBHSV: whole blood high sheathed viscosity; PV: plasma viscosity;

EDI:erythrocyte deformability index

Table 4. Immunohistochemistry staining analysis (number).

immunohistochemistry staining intensity

Group Number
++++ +++ ++ + -
A 20 0 3 17 0 0
B 20 0 0 2 18 0
C 20 2 15 3 0 0
Total 60 2 18 22 18 0

Comparison between groups was statistically significant (P<0.05).++++: super strong
positive reaction; +++: strong positive reaction; ++: moderate positive reaction; +:

weakly positive reaction; -: negative reaction.

model group was significant (P<0.05 or P<0.01), with
regard to TXB2, 6-keto-PGF1a, blood fat level, T/P, and
hemodynamic parameters. Compared with model group,
the difference of USW group was significant (P<0.05 or
P<0.01). They improved the 6-keto-PGF1a of cases, and
decreased TXB2, blood fat level, T/P, (Table 2) and
hemodynamic parameters (Table 3) respectively. The
animals in the model group were found with ANFN
manifesting avascular necrosis of femoral head bone
cells, decrease of bone marrow cells, high blood viscosity
and imbalance of TXA2-PGI2. The USW diathermy group
demonstrated significant improvement of blood supply,
TG level and blood viscosity, as well as PLT activity and
the TXA2-PGI2 ratio.

Effects of USW therapy on collagen Type |

The expression of collagen Type | was significantly lower
in the model animals than that in the controls as indicated

by the stronger immunohistochemistry staining for rabbits
collagen type, while that of the USW diathermy group
was significant higher than the control group (P<0.05)
(Table 4) USW diathermy can promote the expression of
collagen Type I.

Effect of USW therapy on pathological changes of
femoral head

The amount of osteoblast in the model group was
significantly lower than control group, while in the
diathermy group it was significantly increased compared
with the model group (P<0.01). The amount of osteoclast
in the model and diathermy group was significantly higher
than in the control group, and in the diathermy group it
was significantly higher than in the model group (P<0.05).
The empty cartilage cell lacunae ratios of the model and
diathermy groups were significantly higher than in the
control group, and the diathermy group showed significant



Table 5. Pathology of femoral head indexes analysis (meanSD).
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Osteoclast The em il 1l Densi f bl \" |
Group  Osteoblast (number) "' lacunae ratios (%) under the cartilage (numbe)
A 21.00+3.63 4.75+1.59 6.51+1.47 11.55+2.16
B 14.75+3.68* 13.06+£2.79* 20.29+2.64* 6.69+1.62*
C 36.00+6.02*A 8.61+2.45*A 9.18+1.85*A 14.06+£2.15*A

*P < 0.05 vs. Group A; AP < 0.05 vs. Group B.

Table 6. Pathology of femoral head indexes analysis (meanSD).

Thickness of femoral head Width of bone

Group cartilage (um) trabeculae (um) Diameters of fat cells (um) Adipocyte area rates (%)
A 518.46+62.31 127.55+13.51 43.8516.24 12.54+3.52
B 229.44+4591* 73.06+16.61 63.44+7.33* 25.79+4.61*
C 334.50+49.22*A 102.89+10.17* 52.1145.80*A 20.91+2.51*

*P < 0.05 vs. Group A; AP < 0.05 vs. Group B.

Figure 2. Pathological changes of femoral head were observed. (a):group A: amount of hematopoietic cell
was observed in medullary canal, and the ratio of fat cells was normal; (b):group B: bone trabecular was
sparse, and the number and size of fat cells was increased;(c):group C: Osteoblasts were observed in bone
trabecular, and new vessels were increased.

degradation compared to the model group (P<0.05). The
density of blood vessels under the cartilage in the model
group was significantly less compared with the control
group, while in the diathermy group it was significantly
increased compared with the model group (P<0.01)
(Table 5).

The thickness of femoral head cartilage in the model
and diathermy group was reduced compared with the
control group, while it was thicker in the model group than
in the diathermy group (P<0.05). The width of bone
trabeculae in the model and diathermy group was
significantly less compared with the control group, while
they were significant wider in the diathermy compared
with the model group (P<0.01). The diameters of fat cells
in the model and diathermy group were increased
compared with the control group, while they were
significantly smaller in the diathermy group compared
with the model group (P<0.05). The adipocyte area rates
in the model and diathermy group were significantly

elevated compared with the control group, and rates in
the model group were significantly elevated compared
with the model group (P<0.05) (Table 6) (Figure 2).

The effects of USW on the expression of VEGF and
BMP-2 mRNA

Real-time PCR showed that in femoral head VEGF
mRNA and BMP-2 mRNA levels in the model group were
higher significantly as compared to those in the control
group (P<0.01). Meanwhile, VEGF mRNA and BMP-2
mRNA levels in the diathermy group were significantly
higher than those in the model group (P<0.01) (Figure 3).

DISCUSSION

Hormone-induced ANFN will occur when femoral head
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Figure 3. The ultra-short wave induced the expression of VEGF mRNA and BMP-2 mRNA. The weight was

measured as described in “Materials and Methods”. The mRNA expression was calculated by the 2722

CT

method using B-actin as the reference gene (mean+SD). The relative mRNA levels were represented as the
ratios by comparing the expression of each group (n=20 for each group). *P < 0.01 vs. Group A, AP < 0.01 vs.
Group B. Group A: control; Group B: vehicle treated ANFN; Group C: ultra-short wave treated ANFN.

component (osteocyte, bone marrow hematopoietic cells,
and fata cells) is dead caused by large dose hormone
application. In this study, we have taken the advantage of
an ANFN animal model to investigate the effects of USW
on hormone-induced femoral head injury. It has been
reported that horse serum could induce fat metabolism
disorder and mild small arteritis in bone (Wang et al.,
2011, Andersen et al.,, 2013). The hormone could
aggravate the potential vasculitis (Zhang et al., 2013).
The vasculitis of animal was caused by horse serum, and
then a large dose of hormone was used to induce the
typical model of osteonecrosis (Song et al., 2010). In the
present study, we successfully induced ANFN in rabbits
by intravenous injectio of horse serum and
methylprednisolone as confirmed by the appearance of
osteonecrosis in the femoral head. Loss of weight, poor
mental state and declination of exercise capacity were
apparent after ANFN. USW improved the weight, mental
state and exercise capacity.

In this study, sensitization of rabbits was caused by
injection of horse serum, after that, the models were
made by the use of hormone. Then we found that the
blood-lipoids level was higher after the use of hormone
suggesting that hormone could cause hyperlipidemia
along with previous studies (Vuksanovic et al., 2006;
Grover et al., 2007; Jones, 1992). TXA2 and PGI2 were
metabolites of arachidonic acid in plaque lipid membrane.
TXA2 could promote platelet aggregation, while PGI2
could inhabit platelet aggregation and diastole blood

vessels. The balance of TXA2 and PGI2 was important in
regulation of platelet function and vascular tone (Wei et
al., 1998). In this study, we found that hormone could
increase platelet activity and TXAZ2 synthesis, decrease
the PGI2 synthesis, and increase TXA2/PGI2 ratio. That
would prompt thrombosis leading to osteonecrosis of the
femoral head. USW effectively inhibited aggregation and
activation of platelet in ischemia of tissue, and regulated
the balance of TXA2/PGI2; however, but the underlying
mechanism still requires further study. Through USW
therapy, the hemodynamic parameters were improved,
which indicated that ultra-short wave may improve
microcirculation, promote the blood flow, and prevent the
thrombosis.

The expression of collagen Type | mRNA, a specific
molecular marker of early differentiation of osteoblast,
was related with osteogenetic activity (Turner and
Spelsberg, 1991). Glucocorticoids could inhibit the
synthesis of collagen type | in a time- and concentration-
dependent way (Delany et al., 1994). In this study, the
immunohistochemistry staining of the collagen Type |
was significantly lower in the model animals than that in
the controls. We speculated that synthesis ability of
collagen Type | in controls was decreased, to cause
insufficient repair after osteonecrosis. The
immunohistochemistry staining of the collagen Type |
was significantly higher in the diathermy group than that
in the controls. USW could alleviate or reverse the inhibit
effect of methylprednisolone against collagen Type | to



maintain a good function of osteoblast.

It has been reported that USW could improve the blood
flow (Mlynarik et al., 2008), and the improvement of blood
flow was the ultimate aim of the treatment of femoral
head necrosis in the early stage. In this study, the density
of blood vessels under the cartilage in the diathermy
group was significantly increased compared with the
model group. We considered that the improvement of
blood flow increased the cartilage thickness, promoted
bone marrow stromal cells differentiate into preosteoblast
and osteoblast, increased the source of osteoblast, and
then broaden bone trabecular, reduced the
osteonecrosis, effectively improved necrotic bone
repairing, and prevented the femoral head necrosis.
Otherwise, USW could also prevent the bone marrow
stromal cells differentiate into fat cell, indirect inhibit
intramedullary fat accumulation, reduce the pressure in
the femoral head, improve the blood flow of femoral
head, and prevent bone ischemia. In this study, we
demonstrated that the thickness of femoral head
cartilage, the width of bone trabeculae, the diameters of
fat cells in the diathermy group than that in the controls.

It has been reported that VEGF and BMP-2 were the
two most important factors affecting the repair of femoral
head (Vadasz et al., 2004). Glucocorticoids may inhibit
the expression of VEGF mRNA, which may participate in
the pathological process of bone metabolic abnormalities
(Pufe et al., 2003). In this study, VEGF mRNA and BMP-
2 mRNA levels in the model group were elevated
significantly as compared to those in the control group.
That indicated that hormone was strongly inhibit the
VEGF synthesis, as it was reported (Li et al., 2005;
Gloddek et al., 1999). VEGF mRNA and BMP-2 mRNA
levels in the diathermy group were significantly higher
than those in the model group. That proved that the USW
could induce the expression of VEGF mRNA and BMP-2
mRNA, and enhanced the repair of femoral head after
ANFN.

Conclusion

In our study, these results showed that USW had a
positive curative effect on ANFH by promoting
biochemical metabolism of bone cells, promoting
osteoblastic proliferation and differentiation, improving the
blood flow, enhancing the repair of femoral head and so
on. USW may be a useful remedy for the treatment of
ANFH in the early stage. However, in this study, we used
microcalorimetry ultra-short wave therapy, and the
function of different dosage USW was unclear, so further
studies should be performed to provide more
experimental data to support its clinical application.
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