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Thirty six 56-week-old ISA cage layers were divided into two groups randomly. The cage layers in control
group (12 birds) and experiment group (24 birds) were respectively injected with 300 µL sodium chloride
and 300 lg eucaryon recombinant plasmid pcDNA3.1(+)-chOPG. Eighty 56-week-old ISA cage layers
were divided into group A, B, C and D randomly. Group A is for control group, while plasmid
pcDNA3.1(+)-chOPG was injected to B, C, D groups in muscle at the dosage of 200 lg, 400 lg, 600 lg
at 57, 59, 61, 63th weeks respectively. After the detection on the expression of chOPG protein after
3 h, it reached the peak at 7 d and then fell down. After 28 d, nothing was detected in the injected skeletal
muscles. The other organs did not express exogenous chOPG protein. Plasmid in liver had the fastest
metabolism. The pathological effects in main organs were not observed by histological section. The con-
centration of plasma calcium in B, C and D groups significantly decreased, while the activity of alkaline
phosphatase was significantly improved, compared to control group. The total average value of abnormal
and broken eggs of group C, D was significantly higher than those of group A. The bone biomechanical
property and bone radiographic density of tibia and femur in experiment group were significantly higher
than control group. Therefore, one conclusion is drawn that the expression of chOPG from foreign plas-
mid pcDNA3.1(+)-chOPG have contribute to bone formation, chOPG can increase bone density and
strength by inhibiting bone resorption. Nevertheless, it was cleared out from cellular system in a
short-term after intramuscular injection and cannot integrate into host chromosome genomic in cage
layers. There were no pathological effects observed in the main tissues. It is believed that 200 lg plasmid
pcDNA3.1(+)-chOPG should be within the safe range for application, because it can improve bone meta-
bolism and will not affect the production of cage layer during the post cycle.
� 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Osteoporosis is one of common diseases in laying hens, which
can lead to progressive losses of bones. Osteoporosis always result
in increasing bone fragility and higher vulnerability to fracture,
under commercial conditions fracture of laying hens induced over
30% in this period and commonly lead to depopulation (Whitehead
and Fleming, 2000). Caged layer fatigue is an extreme consequence
of structural bone losses. Sometimes the spinal degeneration can
result in the paralysis of hens, but the transient irregularities of
calcium metabolism in intracellular may inhibit muscular activity
(Gao et al., 2017a, 2017b; Whitehead, 2004). Osteoporosis is one
of significant problems in poultry farm and have caused lots of eco-
nomic loss in yield of eggs and animal welfare. Even worse, the
main motivation is to seek the interest in finding out some medi-
cine and cytokines, which can increase mineral density and break-
ing strength instead of affecting laying performance. Some kinds of
nutrition, such as macrominerals (Ca, P) and vitamin D3, were
demonstrated that can influence quality of bone in many previous
studies. As is known, mineralization of some enzymes related with
microelements play important roles in bone formation, but there
are only a few researches aimed to explore the relationship
between trace elements and bones quality (Gao et al., 2017a,
2017b; Swiatkiewicz and Koreleski, 2008).
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In recent years, the study of bone biology made a major advance
in identifying the system as a dominant, final mediator of osteo-
clastogenesis (Feng et al., 2019; Alaam and Hussien, 2016; Han
et al., 2015; Sacco et al., 2017). In many tissues and cells including
osteoblasts, OPG is usually known to be expressed as a secreted
soluble receptor. In osteoclasts, OPG is a decoy receptor for RANKL
(receptor activator of NF-kappa B ligand) which can interact with
RNAK and the interaction can be inhibited by OPG. OPG can further
inhibiting osteoclasts differentiation, apoptosis and bone resorp-
tion (Findlay and Atkins, 2011; Boyce and Xing, 2008; Crockett
et al., 2011). Therefore, OPG may be a promising drug for treating
bone resorptive diseases like osteoporosis (Ulrich-Vinther et al.,
2005). Therefore, OPG is used for studying new therapeutic strate-
gies in a number of investigations. In osteopetrotic mice, OPG was
confirmed that can inhibit osteoclastogenesis and tumor growth
(Clohisy et al., 2000). In human, the bone resorption may be
reduced when treated with human OPG in osteoporotic patients,
as well as in patients with breast carcinomarelated bone metas-
tases, multiple myeloma or prostatic cancer. (Bolzoni et al., 2013;
Ney et al., 2016; Ibrahim et al., 2011). In other studies, OPG was
believed that can relieve advanced bone cancer pain (Jung et al.,
2001). In prostate cancer, serum OPG is also a marker to detect dis-
seminating bone metastatic (Luger et al., 2001). However, in
human clinical trials, the potential side effects and short half-life
of OPGmake which cannot play a great role in some human clinical
trials. (Widschwendter et al., 2015). In prior studies, Adenoassoci-
ated virus (AAV) vector with OPG expression elements were used
for delivering consistently at therapeutic levels for clinical therapy.
(Yang et al., 2002; Ulrich-Vinther et al., 2002; Kostenuik et al.,
2004).

So far, few reports have been reported on the use of OPG in the
caged layer. Give the important role of osteopontin in bone meta-
bolism, in this study, pcDNA3.1 (+)/chOPG expression vector was
first constructed and introduced into chicken embryo fibroblasts.
Cellular expression of chOPG had been demonstrated and were
proven to inhibit osteoclast function as extracellular regulators
(Hou et al., 2011). Our study aimed at studying the effects of
pcDNA3.1(+)-chOPG on chOPG protein expression, biosafety, egg
laying performance. Also bone metabolism in cage layers were
examined after intramuscular administration in vitro. Also, it was
used to determine a suitable dosage of the pcDNA3.1(+)-chOPG
and to evaluate the possibility of gene therapy for cage layer
osteoporosis.

The study described that different doses of plasmid pcDNA3.1
(+)-chOPG were injected intramuscular in layer hens. The tran-
scription of chOPG gene and the expression of chOPG protein were
detected by RT-PCR and Western Blot, respectively. PCR was used
to test the distribution of plasmid pcDNA3.1(+)-chOPG. The tissue
section was used to evaluate the histopathological changes. The
effect of biochemical indicator, egg laying performance and bone
metabolism were experimented by measure index. Results indi-
cated that the appropriate dosage of chOPG (200 lg) could
improve bone metabolism and not affect the performance of cage
layer during the late cycle. The aim was to provide new solution
to find the mechanism of cage layer osteoporosis.
2. Materials and methods

2.1. Cage layers, Husbandry, and treatments

Thirty six 56-week-old ISA cage layers (Animal Husbandry
Industry Co., Nanjing, China) were divided into two groups ran-
domly, 12 birds were in control group while 24 birds were in
experiment group. Control repeats and experiment repeats were
respectively injected with 300 µL sodium chloride and 300 lg
eucaryon recombinant plasmid pcDNA3.1(+)-chOPG (Nanjing Agri-
cultural University, Nanjing, China). After 3 h, 1 d, 7 d, 14 d, 21 d
and 28 d, the injected skeletal muscles, contralateral skeletal mus-
cles, kidney, spleen, liver and heart were separated and collected.
Eighty 56-week-old ISA cage layers (Animal Husbandry Industry
Co., Nanjing, China) were randomly assigned to 4 groups, each con-
taining 20 hens. Group A is control, pcDNA3.1(+)-chOPG was intra-
muscular injected to B, C, D groups at the dosage of 200 lg, 400 lg,
600 lg at 57, 59, 61, 63th weeks. At 58, 59, 60, 61, 62, 63, 64, 65th
week, 5 mL wing vein blood samples were taken. After taking the
blood sample, heparin was immediately added. Then, the mixture
of blood sample and heparin was sent for centrifuge, and serum
was stored at �20 �C. Laying eggs were counted, the abnormal
and broken eggs were recorded every day. Every week twenty eggs
from each group were collected and the eggshell quality parame-
ters including the shell thickness and density were measured. At
last, cervical dislocation and femur, tibia were used for executing
layers so as to clean off muscle and soft tissue and then were stored
to be frozen (�20 �C). Throughout the experiment, the laying hens
were fed with standard fowl diet (Animals were fed with diet of
GB/T 5916-2004, General Administration of Quality Supervision,
Inspection and Quarantine of the People’s Republic of China, Stan-
dardization Administration of the People’s Republic of China). All
protocols of animal experiments were supplied by the Care and
Use of Laboratory Animals.

2.2. Transcript analysis of chOPG mRNA by RT-PCR

Total RNA was isolated from the injected skeletal muscles with
the TRIzol� Reagent (Invitrogen, Inc. Carlsbad, CA, USA). Purity of
isolated total RNA was detected according to the by the absorbance
at 260 nm and 280 nm while 1% agarose/formaldehyde gel elec-
trophoresis was performed to identify its integrity. To avoid con-
tamination of genomic DNA, DNase I (1 U/lg) (TaKaRa Bio Inc.)
were used for incubating with total RNA before RT. Then the RT
reaction mixture were subject to RT by Moloney murine leukaemia
virus (MMLV) reverse transcriptase (TakaRa Bio Inc. Japan) and
maintained at 42 �C for 60 min and 70 �C for 15 min. According
to the given nucleotide sequence of chicken OPG published
(chOPG, DQ098013), primers P1 (50-ATGAACAAGTTCCTGTGC-30)
and P2 (50-TTAGACACATCTTACTTT-30) were designed to amplify
the ORF of chicken OPG (10–1218, 1209 bp). The target gene were
amplified as the PCR procedure of denaturation, annealing and
extension at 94 �C for 30 s, 47 �C for 45 s and 72 �C for 50 s for 30
cycles respectively. The PCR products were examined by Sanger
sequencing by Invitrogen Inc. Based on the nucleotide sequence
published (b-actin, L08165), Primers P3 (50-CTTGGGTATG
GAGTCCTGTGGT-30) and P4 (50-GGTTTAGAAGCATTTGCGGTGG-30)
were designed to amplify b-actin sequence (866–1199, 334 bp).
The target gene was amplified as the procedure of denaturation,
annealing and extension at 94 �C for 30 s, 56 �C for 45 s, and
72 �C for 50 s for 30 cycles respectively. The PCR products were
performed to Sanger sequencing by Invitrogen Inc.

2.3. Protein isolation and western-blot analysis of chOPG protein

After experiments, tissues were quick frozen and collected
mechanically homogenized (about 100 mg) and being thawed in
icy cold RIPA buffer (Nanjing Agricultural University) (50 mM
Tris-HCl (pH 8.0), 0.1% SDS, 1% Nonidet P-40, 150 mM NaCl, 0.5%
sodium Deoxycholate, and 1% protease inhibitor PMSF/iso-
propanol). Then the samples were incubated on ice and centrifuged
at 25,000g at 4 �C for 30 min. Then the protein concentrations in
the supinate was quantified through using of the BCA Protein Assay
Kit (Wuhan Boster Biotechnology Company, China). Then the total
protein was mixed with SDS-PAGE loading buffer (Tiangen Biotech
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Co., Ltd) and denaturation by 5 min boiling and 80 lg of total pro-
tein were subjected to electrophoresed on 4% and 10% SDS-PGE gel
at 100 V 25–50 mA 4 �C for 80 min to separate the target protein.
Then, proteins on the gel was transferred onto nitrocellulose mem-
branes. The chOPG band (80 kDa-100 kDa) and b-actin band
(37 kDa) were separated from the cell membrane by cutting the
cell membrane according to prestained SDS-PAGE protein marker
(TakaRa Bio Inc.). Then the chOPG protein was blocked with 5%
skimmed milk in TBS (Tiangen Biotech Co., Ltd), the rabbit poly-
clonal anti-chOPG antibodies (1:200) (Nanjing Agricultural Univer-
sity) or mouse monoclonal anti-b-actin antibodies (1:10,000)
(Wuhan Boster Biotechnology Company) were used for primary
antibody incubation at 4 �C overnight. The membrane was
washed10 min for 4 times with TBS-0.1% Tween 20 (TBS-T) (Tian-
gen Biotech Co., Ltd). After that, HRP-conjugated goat anti-rabbit
IgG (1:5000) and HRP-conjugated goat anti-mouse IgG (1:10,000)
(Wuhan Boster Biotechnology Company) were used for secondary
antibody incubation for 1 h. Finally, after washing, the enhanced
chemiluminescence (ECL) (Tiangen Biotech Co., Ltd) were used
for visualizing the protein signals. The protein signals presented
on X-ray film and been captured by using of Kodak 1D Analysis
System for further anlysis.

2.4. PCR analysis of pcDNA3.1(+)-chOPG in tissues

According to the product manual, total DNA was isolated from
injected skeletal muscles, contralateral skeletal muscles, kidney,
spleen, liver and heart with TIANcombi DNA Lyse&Amp PCR Kit
(Tiangen Biotech Co., Ltd). Primers P5 (50-CTGGCTAACTAGAGAACC
CAC-30) and P6 (50-TAGAAGGCACAGTCGAGG-30) were used for
amplification of pcDNA3.1 (+), PCRmix and DNA template were
mixed and performed to PCR procedure, the temperature for
denaturation, annealing and extension is 94 �C for 30 s, 49 �C for
45 s, and 72 �C for 50 s respectively. The PCR products were then
Sanger sequencing were performed by Invitrogen Inc after 1% agar-
ose electrophoresis.

2.5. Histological section

Tissues were fixed in 10% buffered formaldehyde (Bo Quan
Sci&Tech. Co. Ltd. Nanjing, China) for 7 d at room temperature.
PBS was used to wash tissues for twice and tissues were dehy-
drated through 50%, 75%, 85%, 95%, 100% and 100% ethanol (Bo
Quan Sci&Tech. Co. Ltd) for 1 h each. Tissues were then incubated
in xylol/ethanol 1:1 for 15 min, and pure xylol for 7 min at room
temperature. After being transferred to oven at 60 C, paraffin/xylol
ratio of 1:3, 1:2 and 1:1, and pure paraffin was applied, for one
hour each. The tissues were then embedded in fresh paraffin and
cooled down overnight at 4 �C. Serial sections of 5 lm were
mounted on glass slides, then keep them to an oven at 60 �C for
2 h. Glass slides coated with 1% poly-L-lysine (Tiangen Biotech
Co., Ltd) were used for improving adhesion between the sections
and the surface. Mounted sections were incubated in two different
xylols for 15 min and dehydrated through 100%, 95%, 85%, 75%, and
50% ethanol for 10 min each. Sections were histologically exam-
ined by conventional methods with hematoxylin and eosin (H&E)
stain (Tiangen Biotech Co., Ltd).

2.6. Measure index

Plasma calcium, plasma phosphorus and plasma AKP were
determined by kits (BioSino Bio-technology and Science Inc, Bei-
jing, China). Bone biomechanical property were measured by
three-point bending test (span = 60 mm). The strength of eggshell
was measured by egg quality meter, and the average thickness of
eggshell was calculated by vernier caliper. Bone radiography den-
sity method combined computer-assisted X-ray film was estab-
lished for measuring layers bone volume.

2.7. Statistical analysis

Differences of normally distributed of all measured date was
evaluated by one-way ANOVA test and Student’s t-test. Results
were shown as means ± the standard deviation (SD). The statistical
difference was accepted when the P < 0.05.

3. Results

3.1. Transcript analysis of the chOPG mRNA

Total RNA was extracted from injected skeletal muscle, with OD
260 nm/OD 280 nm of 1.87. Denaturing gel electrophoresis showed
28S rRNA, 18S rRNA and 5S rRNA (Fig. 1a). The results suggested
that the total RNA was integrated and highly pure. The results
showed the transcription of chOPGmRNAwas detected after trans-
fection 3 h pcDNA3.1(+)-chOPG in the injected skeletal muscles.
The maximum expression of chOPG appeared 7 d, and then fell
off. Finally, it was not detected (Fig. 1b).

3.2. The chOPG protein expression

The results showed after 3 h transfection pcDNA3.1(+)-chOPG
in the injected skeletal muscles, the expression of chOPG protein
was detected. The maximum protein quantity appeared at 7 d,
and then fell off. Finally, nothing was detected (Fig. 1c). The other
organs (contralateral skeletal muscles, kidney, spleen, liver and
heart) did not express exogenous chOPG protein (Fig. 1d).

3.3. The distribution of pcDNA3.1(+)-chOPG in tissues

After 1 d transfection pcDNA3.1(+)-chOPG, the injected skeletal
muscles, contralateral skeletal muscles, kidney, spleen, liver and
heart could amplify specificity chOPG. As time went by, the plas-
mid concentration in 14 d and 21 d after transfection was less than
the plasmid concentration in 7 d after transfection. The plasmid
was not detected in all tissues in 28 d. Plasmid metabolism in liver
was the fastest (Fig. 2a).

3.4. Pathological change

PcDNA3.1(+)-chOPG transfection showed no pathological
changes in the main organs and tissues (Fig. 2b).

3.5. Plasma calcium concentration, plasma phosphorus concentration
and plasma AKP activity

The plasma calcium concentration (Fig. 3a) and plasma phos-
phorus concentration (Fig. 3b) showed a downward trend in differ-
ent experiment groups. However, compared with the layers
injected with 300 lL sodium chloride, the plasma calcium concen-
tration in layers from experiment group showed significant differ-
ence (P < 0.05), while the difference of plasma phosphorus
concentration had no significant (P > 0.05) statistically. In the
experiment groups, average changes of AKP activity were observed
to be positive in Fig. 3c. B, C, D groups were more obvious (P < 0.05)
than in the control A group.

3.6. Egg laying quantity, the abnormal egg and broken egg quantity

There were no differences in the average number of weekly eggs
laid in every experiment groups (P > 0.05) as shown in Fig. 4a.



Fig. 1. a Denaturinggel electrophoresis of total RNA from the injected skeletal muscles. b Gel electrophoresis of chOPG and b-actin mRNA transcription from the injected
skeletal muscles in different time; Fig. 2-2 Quantitative analysis of chOPG mRNA transcription from the injected skeletal muscles in different time. (Mean ± SD; n = 4). (**
P < 0.01) c Immunoreactive bands for chOPG protein and b-actin protein expression from the injected skeletal muscles in different time; Fig. 3-2 Statistical analysis of chOPG
protein values. (Mean ± SD; n = 4) (** P < 0.01). d Immunoreactive bands for chOPG protein from the main tissues. 1–6: the injected skeletal muscles, opposite side skeletal
muscles, kidney, spleen, liver and heart.

Fig. 2. a Result of amplification of genome from 3 h, 1 d, 7 d, 14 d, 21 d and 28 d in different tissues after transfection pcDNA3.1(+)-chOPG in different tissues. 1–6: the
injected skeletal muscles, opposite side skeletal muscles, kidney, spleen, liver and heart. M: marker. b Pathological change from 3 h, 1 d, 7 d, 14 d, 21 d, 28 d in different tissues
after transfection pcDNA3.1(+)-chOPG in different tissues. (�400).
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Fig. 3. a Total average of plasma calcium concentration in Group A, B, C and D (** P < 0.01, * P < 0.05). b Total average of plasma phosphorus concentration in Group A, B, C and
D (** P < 0.01, * P < 0.05). c Total average of plasma phosphorus activity in Group A, B, C and D. (** P < 0.01, * P < 0.05).

Fig. 4. a Total average week of egg laying quantity (** P < 0.01, * P < 0.05). b Total average week of abnormal and broken egg quantity (** P < 0.01, * P < 0.05). c Thickness of
eggshell in Group A, B, C and D (** P < 0.01, * P < 0.05). d Intensity of eggshell in Group A, B, C and D (** P < 0.01, * P < 0.05).

292 L. Hou et al. / Saudi Journal of Biological Sciences 27 (2020) 288–295
Compared to the control group, the abnormal quantity of eggs and
broken eggs increased (P < 0.05) in C, D group in Fig. 4b.
3.7. Eggshell thickness and intensity

The variation of eggshell thickness and intensity in different
groups is demonstrated in Fig. 4c and d. The result showed there
was no significant difference after intramuscular injection of differ-
ent doses of plasmid pcDNA3.1(+)-chOPG during any experimental
period (P > 0.05).
3.8. Bone biomechanical property

Fig. 5a showed the property results of bone biomechanical in
different groups. The peak load represented bone intensity and
the maximum energy absorption represented tenacity. As a result,
the peak load and maximum energy absorption of tibia in experi-
ment group were higher than those in the control group and the
maximum energy absorption of tibia was also significantly higher
in experiment group (P < 0.05). The result of femur was the similar
to tibia.



Fig. 5. a Bone biomechanical property (breaking strength and maximum energy absorption) of tibia and femur in Group A, B, C and D (** P < 0.01, * P < 0.05). b Bones X-ray
film of cage layers. c Bone radiographic density of tibia and femur in Group A, B, C and D (** P < 0.01, * P < 0.05).
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3.9. Bone radiographic density

X-ray film was established for measuring layers bone radiogra-
phy density in Fig. 5b. It was a upward tendency of bone volume in
tibia and femur. Bone radiography density of tibia and femur in
layers injected 300 lg eucaryon recombinant plasmid pcDNA3.1-
chOPGwas higher than those injected with 300 lL sodium chloride
as shown in Fig. 5c (P < 0.05).

4. Discussion

The severity of bone diseases in avian sometimes depend on
peak structural of bone mass and the subsequent loss of bone
structure, this is similar to women’s postmenopausal osteoporosis.
There are various drugs target to postmenopausal osteoporosis and
had been utilized to treating osteoporosis in hens’ laying stage
(Zhou et al., 2009). It had been reported that OPG was effective
in normal osteoclast development. Diseases characterized by the
presence of decreased osteoclast activity, may be neutralized by
rebalancing the RANKL/RANK/OPG system in bone environment
in favor of decreased bone resorption (Hofbauer and Schoppet,
2004; Noor et al., 2018; Macari et al., 2018; Liu et al., 2017;
Belibasakis et al., 2011). In osteoclast-dependent skeletal diseases
including arthritis and osteolysis, expression of foreign OPG gene
or delivery of OPG protein had been confirmed as an available ther-
apy (Doran et al., 2004; Lubberts et al., 2003; Shafiey et al., 2018).
However, due to the purify of protein always cost a lot, highly con-
centrated injections are need in treatment and it is difficult to
maintain an effective concentration for long time, the administered
protein was easily washed and restricted by circulating blood (Jin
et al., 2003). In this work, the local OPG gene transfer rather than
delivery of OPG protein directly were selected for relief of bone dis-
eases. The prior experiment demonstrated that the construction
and transfection of pcDNA3.1 (+)-chOPGwere brought into chicken
embryo fibroblasts and expressed bioactivity chOPG protein suc-
cessfully, for inhibiting osteoclast function as extracellular regula-
tors (Hou et al., 2011). In this study, RT-PCR was used for
demonstrating transcription of the mRNA for chOPG in the recom-
binant plasmid pcDNA3.1(+)-chOPG injected skeletal muscles of
cage layers. These data were consistent with the result: western-
blot was used to demonstrate expression of the chOPG protein
and the concentrations of chOPG could be sustained about three
weeks after a single intramuscular injection of pcDNA3.1(+)-
chOPG in the observation period. Regardless of blood circulation,
expression of protein from local gene transfer can be prolonged
and concentration of effective protein can maintain high enough.
Also, the integral effects can be avoided by expression at the local
site (Blesing and Kerr, 1996). Therefore, pcDNA3.1(+)-chOPG
injected skeletal muscles of cage layers may prolong treatment
intervals and decrease the number of repetitive treatments.

Although there are various viral and nonviral methods were
used and improved for gene transfer (Marshall, 1995; Ledley,
1995), some viral vectors such as adenoviral for gene transfer,
had been confirmed that have side effects including immunogenic-
ity and cytotoxicity (Raper et al., 2003). Non-viral vectors usually
have low cytotoxicity and immunogenicity in vivo or in vitro, how-
ever, these kinds of vectors have lower efficiency of gene transfer
than viral vectors. The pcDNA3.1 vector is finally chosen because
the cytomegalovirus (CMV) promoter contained in this vector can
increase expression level of foreign genes in different types of
mammalian cells. This vector also contains a polyadenylation
sequence of bovine growth hormone (BGH) for post-
transcriptional RNA stability. Thus, it has been confirmed that
delivery of OPG gene mediated by pcDNA3.1 vector into mice can
inhibit osteoclasteogenesis and reduced experimental tooth move-
ment (Kanzaki et al., 2004). The current study demonstrates that
the plasmid pcDNA3.1(+)-chOPG disappeared in all tissues at 28
d and no obvious pathological results were observed in the main
organ tissues. The safety of pcDNA3.1 vector still need to be eval-
uated in further studies of animal models. There are two possible
reasons maybe can explain this, one reason is that the blood flow
may diffuse the vector solution The other reason is that the soluble
OPG protein expressed by the pcDNA-OPG gene may be diffused by
interstitial (Kanzaki et al., 2004).

Based on these in prior experiments, the different doses of plas-
mid pcDNA3.1(+)-chOPG were delivered into cage layers for fur-
ther clarifying its effects on egg laying performance and bone
metabolism in cage layers after intramuscular administration
in vitro. The results of plasma calcium concentration and alkaline
phosphatase activity revealed that obvious changes happened
when plasmid pcDNA3.1(+)-chOPG was injected in muscles. In
the later periods of egg formation in layers, Ca was transferred to
the eggshell, which gradually depleted the calcium stores in layers
(Clunies et al., 1992). During the process of egg formation,
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pcDNA3.1(+)-chOPG could express chOPG protein which inhibits
the activity of osteoclasts and promotes calcium absorption in
the intestine, satisfying the Ca’s needs for shell formation. The
mechanism of this reaction is not clear at present, more researches
are needed to clarify the relationship of OPG and Ca. Alkaline phos-
phatase, expressed in osteoblasts, can mineralize the matrix thus it
is considered to be associated with osteoblastic activity in osteoge-
nesis (Hsu et al., 1999). High level of plasma AKP reflected the
increased osteoblastic activity in the experiment. We demon-
strated that plasmid pcDNA3.1(+)-chOPG had no influence on egg
production, eggshell thickness and intensity in laying hens. How-
ever, the abnormal egg and broken egg quantity were increased
to over 400 lg plasmid, compared to control group.

Bone radiographic density reflected bone quality and the view
presumed that an increased mass always bring about better
mechanical properties. More recently, the conventional view has
been questioned. However, plenty of investigations had shown
that bone radiographic density exclusive standing for bone quality
was not scientific. According to evidences, bone strength signifi-
cantly declined, but bone radiographic density sustained constant
in the late cycle of egg production in cage layers (Whitehead,
2004). In fact, in some bone diseases, there is a disorder between
biomechanical properties and bone mineral content. Osteopetrosis
was the typical example. Although bone mineral content was
extremely high, vulnerability to fracture increased. In bones, some
inorganic and organic elements will influence its biomechanical
property (Oxlund et al., 1995). Under the same bone mineral con-
tent, the more reasonable bone trabecularism is, the better biome-
chanical properties are. Higher strength, more fracture resistance.
In this study, bone quality was evaluated by the method of bone
radiographic density related to biomechanical properties in cage
layers after intramuscular administration plasmid in vitro. The
result suggested effect of injected 200 lg pcDNA3.1 (+)-chOPG on
bone radiographic density and biomechanical properties were the
most significant.

In conclusion, this study demonstrates that chOPG protein
could be expressed by intramuscular injection of the recombinant
plasmid pcDNA3.1(+)-chOPG on cage layers, without bringing
about any systemic effects. Considering egg laying performance,
bone quality and bone metabolism, 200 lg plasmid pcDNA3.1(+)-
chOPG was thought to be the appropriate dosage. Our results also
demonstrated that pcDNA3.1 (+)-chOPG maybe a new target for
studying the mechanism of bone metabolism regulation in
osteoporosis.
5. Conclusions

Foreign plasmid pcDNA3.1(+)-chOPG can express chOPG which
can promote bone formation, chOPG can increase bone density and
strength, decrease bone resorption. Foreign chOPGwas cleared
from cellular system in short time after intramuscular injection
and cannot integrate into host chromosome genomic in cage lay-
ers. There were no pathological effects observed in the main tis-
sues. It is believed that 200 lg plasmid pcDNA3.1(+)-chOPG
should be within the safe range for application, because it can
improve bone metabolism and will not affect the production of
cage layer during the post cycle.
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