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Effects of porcine bone protein on serum phosphorus level
and bone mineral density in a rat model of osteoporosis**

An Yu-hui, He Si-yu, Song Dan, Li Feng-chun, Zhang Chao, Mao Hong-li, Zhang Qian

Abstract

BACKGROUND: Several studies have demonstrated that many American women who are at high risk of developing osteoporosis
have higher levels of serum phosphorus. This indicates that some substances which can lower the serum level of phosphorus will
supply a new and effective method to prevent and treat osteoporosis.

OBJECTIVE: To observe the influences of porcine bone protein on bone mineral density (BMD) and serum levels of calcium and
phosphorus in a rat model of osteoporosis.

METHODS: Wistar rat models of osteoporosis were established by intramuscular injection of dexamethasone. Rat models were
randomly divided into physiological saline, Jiegu Qili tablet, 50, 100, 200 mg/kg porcine bone protein groups. Rats that did not
receive any treatments served as normal controls. After 12 weeks of treatment, serum was collected and serum levels of
phosphorus and calcium were determined by biochemistry method. At the same time, tibia sections were made to determine tibial
DMD by QDR-400 dual energy X-ray absorptiometry and to observe tibia marrow cavity by hematoxylin-eosin staining.
RESULTS AND CONCLUSION: There was no significant difference in serum level of calcium among groups (P > 0.05).
Compared with the physiological saline group, serum level of phosphorus in the 50, 100, 200 mg/kg porcine bone protein groups
was significantly decreased (P < 0.05). BMD was significantly higher in the 50, 100, 200 mg/kg porcine bone protein, Jiegu Qili
tablet groups than in the physiological saline group (P < 0.05). The tibia marrow cavity was smallest in the normal control group
and largest in the physiological saline group. The tibia marrow cavity was larger in the 50, 100, 200 mg/kg porcine bone protein,
Jiegu Qili tablet groups than in the physiological saline group. These results indicate that porcine bone protein cannot change the
serum level of calcium, but it lowers serum level of phosphorus, and increases BMD, in a rat model of osteoporosis. However, the
dose-dependent effect of porcine bone protein was not observed within the present experimental dosage. In addition, porcine

bone protein can also reduce the marrow cavity of the tibia of rats with osteoporosis.

INTRODUCTION

Osteoporosis, a major public health problem, is
becoming increasingly prevalent with the aging of the
world population. This kind of disease is a skeletal
disorder characterized by the reduction of bone
strength, which increases the risk of fractures of the
hip, spine, and other skeletal sites. Many risk factors
are associated with osteoporotic fracture, including
low peak bone mass, hormonal factors, the use of
certain drugs (e.g., glucocorticoids), cigarette
smoking, low physical activity, low intake of calcium
and vitamin D, race, small body size, and a personal
or a family history of fracture!.. Osteoporosis results
in more than 1.5 million fractures in the United States
each year, leading to substantial health care costs
and loss of quality of life®. There are more than
200-million osteoporotic subjects in the world.
Osteoporosis easily develops in the people over 50
years of age. Only one quarter of cases of
osteoporosis are cured®. The main features of this
disease is low bone mineral density (BMD), which
results in increased susceptibility to bone fracture!®.
Calcitonin secretion in young women is gradually
increased with age. After the menopause, calcitonin
deficiency is an important factor in the pathogenesis
of postmenopausal bone loss, and induces excessive
bone resorption®®. Lower levels of endogenous sex
steroids or declines may contribute to the increased
rate of bone loss, and have been observed in older
adults experiencing weight loss'®. Insufficiency of
25-OH vitamin D is very common in older population.
Despite calcium and vitamin D supplement, 25-OH
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vitamin D concentrations fail to reach the normal level
in a significant proportion. Maintaining vitamin D and
calcium intake at the current recommended doses
may not be sufficient to ensure adequate 25-OH
vitamin D stores!..

Phosphorus is an important component in bone tissue.
However, osteoporosis may be the consequence of
progressive dissolution of bone apatite crystals. So, it
is necessary to maintain normal or sub-normal blood
phosphorus level®. Evidence exists that many
American women who are at high risk of developing
osteoporosis is typically high in serum level of
phosphorus and low in calcium!®. It indicates that
osteoporosis can be prevented and cured by
decreasing the level of phosphorus and increasing the
level of calcium in serum.

The osteoclast is a kind of cell that is unique in its
ability to resorb bone, and can expose to unusually
high millimolar Ca?" concentration, and can “sense”
changes in their ambient Ca* concentration. This
triggers a sharp cytosolic Ca®* increase through both
Ca*" release and Ca®* influx. The change in cytosolic
Ca?" is transduced finally into inhibition of bone
resorption!"®.

Osteoblasts have bone-forming function, and they are
either entrapped in bone matrix and become
osteocytes or remain on the surface as lining cells.
Osteoblasts can undergo apoptosis. However, the
process can be modulated by growth factors and
cytokines (some protein molecules), which are
produced in the bone microenvironment!""!. In bone
tissue, some proteins and peptides also influence the
function of osteocytes. In porcine bone tissue, there
also exists a protein!'?. To confirm several
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uncertainnesses that whether protein can change the serum
levels of calcium, phosphorus, and BMD in a rat model of
osteoporosis, the preliminary research results are reported here.

MATERIALS AND METHODS

Design: A controlled animal experiment.

Time and setting: The experiments were performed at the
Department of Biochemistry and Molecular Biology, Basic
Medical College of Zhengzhou University from September
2007 to June 2009.

Materials

Animals

A total of 60 healthy Wistar rats, equal number of males and
females, aged 3 months old, weighing (200+£20) g, were
provided by Henan Laboratory Animal Center, China (license
No. SYXK (Henan) 2005-0012).

Preparation of porcine bone protein

Following three distilled water washes, the fresh porcine
bones were broken into small pieces and extracted by saline.
The extract solution was dehydrated by freeze-drying method,
and the extracted protein was purified on Sephadex G-25 and
G-50 columns, respectively. The collected solution containing
porcine bone protein was dehydrated by freeze-drying. Thus,
the purified powder of porcine bone protein was obtained!'?.

Methods

Establishment of rat osteoporosis models

According to previously method!™®, 60 rats were randomly
divided into 6 groups (n = 10): normal control group: rats did
not receive any treatments; physiological saline group, rats
were daily administered 2 mL physiological saline; Jiegu Qili
tablet group, rats were daily given 300 mg/kg Jigu Qili tablet,
a composition recipe of Chinese herbs(Hunan Jinsha Drug
Co.Ltd., Lot No. 041208); 50, 100, 200 mg/kg porcine bone
protein groups: rats daily received porcine bone protein at
corresponding dosages. All rats were injected with 2.5 mg/kg
dexamethasone (Xizheng Branch of Tianjin Drug Co.Ltd.,
China; Lot No. 050621) twice a week, with the exception of
the normal control group. Six weeks later, osteoporosis was
successfully induced. Rats in each group were interfered
according to above-mentioned medications. After 12-week
treatment, all rats were sacrificed, and the blood samples
were collected. The serum levels of calcium and
phosphorus were detected by biochemistry method. At the
same time, the tibias were also harvested to determine BMD
by dual energy X-ray absorptiometry and hematoxylin-eosin
staining.

Determination of serum level of calcium

In accordance with the method from Wang et all'¥, serum
level of calcium was detected through the use of calcium
detection kit (Beijing Zhongshen Beikong Biology Science
and Technology, China). The underlying mechanism of
calcium detection is that calcium ion can react with
o-cresolphthalein complexone and form a red complex
compound, which has a specific absorption at 600 nm. The
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procedures are as follows: Monoethanolamine buffer was
mixed up with 0.175 mmol/L o-cresolphthalein complexone and
7.80 mmol/L 8-hydroxyquinoline at the same volume. Standard
reagent should be 2.5 mmol/L calcium solution. The mixture of
reagents was incubated in a detecting cup with an aperture of
1cmat 37 °C for 5 minutes. Then the absorbance of the
sample was measured at 600 nm, and the serum level of
calcium was calculated by the formula: Serum level of calcium
= Absorbance sample/Absorbance standard calcium solution %X

2.5 mmollL..

Determination of serum level of phosphorus

According to a previously published method!"®, serum level of
phosphorus was detected by ammonium molybdate-
phosphorus method. The underlying mechanism is that
ammonium molybdate reacts with phosphorus in serum, and
forms a kind of blue compound. The compound had a special
light absorption at 340 nm. Higher serum level of phosphorus
leads to higher absorption to light. The procedures were: (O
13 mL of solution 1 (including 23.8 mmol/L sulphuric acid and
1.06 mmol/L ammonium molybdate), 0.5 mL of solution 2
(Toween 80). @According to above procedure, the standard
phosphorus solution was replaced by serum sample, and the
absorbance of serum sample was also detected at 340 nm.
Phosphorus level in serum sample was calculated by the
following formula. Serum level of phosphorus =

Absorbance sampie/ Absorbance standard phosphorus solution *1.29 mmol/L.

Determination of BMD
According to the method from Lei et all'®, tibia BMD (g/cm?)
was detected by dual energy X-ray absorptiometry.

Stainings of the tibias

Preparation of tibia paraffin sections: after sacrifice, the left tibias
of rats were taken, fixed with 10% formalin for 48 hours, and
decalcified with 8% nitric acid overnight. Thereatter, the tibias
were washed with distilled water 5 times, dehydrated with a
series of ethanol (70%, 80%, 90%, and 100%) for 12 hours,
respectively. Then, the tibias were immersed in
dimethylbenzene, embedded with paraffin, and sliced into 5 pm
sections. Subsequently, sections were placed on the glass slide
and treated with egg albumen and glycerol. The slide with the
sections was stored at 60 ‘C overnight for staining!"”).

Hematoxylin-eosin staining

The glass slides with the sections were immersed in
dimethylbenzene for 3 minutes, in 95% ethanol for 3 minutes,
and in 80% ethanol for 3 minutes. Subsequently, sections
were stained with hematoxylin for 8 minutes, immersed in 1%
chlorhydric acid-ethanol for 30 sections, and placed in LizCO3;
for 1 second. There were tap water washes between each
step. Thereafter, sections were stained with eosin for 25
minutes, immersed in a series of ethanol (80% for 3 minutes,
95% for 3 minutes, and 100% for 3 minutes), and treated with
dimethylbenzene for 3 minutes. Finally, the marrow cavity of
the tibias was observed.

Statistical analysis
All data were processed by hand using SPSS 13.0 software
and were expressed as Mean + SD.
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RESULTS

General conditions of experimental rats

Prior to experimentation, rat conditions were normal. After test,
all rats survived and exhibited normal activities, water and
food intake.

Measurements of serum levels of calcium and
phosphorus

The measurement results of serum calcium and phosphorus
are shown in Table 1.

it

Figure 2 Physiological saline group, showing very big marrow

cavities of the tibia (Hematoxylin-eosin staining, x 200)

Table 1 Serum levels of calcium and phosphorus (x£s, mmol/L)
Group Calcium Phosphorus
Normal control 2.54+0.18 2.37+0.22
Physiological saline 2.47+0.19 2.61+0.23%
Jiegu Qili tablet 2.60+0.18 2.20+0.31°
50 mg/kg porcine bone protein 2.58+0.21 2.28+0.35"
100 mg/kg porcine bone protein 2.48+0.20 2.34+0.32° Figure 3 Jiegu Qili tablet group, presenting smaller marrow
200 mg/kg porcine bone protein 2.51+0.24 2.29+0.30° cavities of the tibia (Hematoxylin-eosin staining, x 200)
compared with the physiological saline group
P < 0.05, vs. normal control group; °P < 0.05, vs. physiological saline
group; °P < 0.01, vs. physiological saline group
Measurements of BMD
The BMD of rat tibias is listed in Table 2.
Table 2 Bone mineral density of the rat tibias (x&s, glcm?)
Group Bone mineral density Figure 4 50 mg/kg porcine bone protein group, presenting
smaller marrow cavities of the tibia (Hematoxylin-eosin
Normal control 0.16140.014 Strz:)iS;)ng, x 200) compared with the physiological saline
Physiological saline 0.1360.012%
Jiegu Qili tablet 0.153+0.016"
50 mg/kg porcine bone protein 0.150+0.015"
100 mg/kg porcine bone protein 0.152+0.015"
200 mg/kg porcine bone protein 0.148+0.013"
P < 0.01, vs. normal control group; °P < 0.05, vs. physiological saline
group
Hematoxylin-eosin staining results
The tibia marrow cavity was smallest in the normal control
group (Figure 1) and largest in the physiological saline group Figure 5 100 mg/kg porcine bone protein group, presenting
(Figure 2). The tibia marrow cavity was larger in the 50, 100, smaller marrow cavities of the tibia (Hematoxylin-eosin
200 mg/kg porcine bone protein, Jiegu Qili tablet groups than in Zt:)'S;Jng’ X 200) compared with the physiclogical saline
the physiological saline group (Figures 3-6).
Figure 6 200 mg/kg porcine bone protein group, presenting

Normal control group, presenting small marrow cavities
of the tibia (Hematoxylin-eosin staining, x 200)

Figure 1
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smaller marrow cavities of the tibia (Hematoxylin-eosin
staining, x 200) compared with the physiological saline
group
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