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Abstract

Objective: Corn Cervi Pantotrichum, a traditional Chinese medicine, has been used to treat
postmenopausal osteoporosis for a long time, but the mechanism is not clear. This study aimed to
examine in detail the effects of Corn Cervi Pantotrichum on the bone of postmenopausal osteoporosisrat
model.
Materials and methods: forty female rats were randomly divided into groups of: Sham operated (Sham),
ovariectomized control, ovariectomized with Corn Cervi Pantotrichum and ovariectomized with ERT
(Climen). The Corn Cervi Pantotrichum and ERT were administered through the route of oral gavage
daily at the dose of 0.4 g.kg-1 and 0.2 mg.kg-1 respectively. Following 12 weeks of treatment, rats were
anesthetized. The blood and the distal of left femur were for bone biomarker using Elisa. The right
femur was measured for BMD (bone mineral density) and histopathological evaluation. The head of left
femur were used for quantitative real-time PCR and Western blot.
Results: Compared to the OVX group, supplementation of Corn Cervi Pantotrichum could not only
increase the BMD of femur, but also increase the expression of bone formation maker. Photomicrograph
of femur showed that Corn Cervi Pantotrichum can restore the normal architecture. Both Elisa, the
quantitative real-time PCR and the Western blot results showed that Corn Cervi Pantotrichum may
upregulates BMP-2/Smad1, 5/Runx2 expression in OVX rats.
Conclusion: This confirmed that Corn Cervi Pantotrichum could be used for the prevention of
postmenopausal osteoporosis.
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Introduction
Osteoporosis, characterized by loss of bone mass and
deterioration of the architecture of bone tissue, resulting in
increased bone fragility [1], has several subtypes, including
gerontal osteoporosis and post-menopausal osteoporosis.
Estrogen deficiency is considered as the major determinant of
bone loss in postmenopausal women. Menopause results in
elevated bone turnover, an imbalance between bone formation
and bone resorption and net bone loss [2]. Hormone
Replacement Therapy (HRT) was the effective treatment in
preventing bone loss and reducing the incidence of skeletal
fractures in postmenopausal women [3]. However, long-term
HRT use has been proved to increase the risk of breast cancer,
endometrial cancer, thromboembolic events and vaginal
bleeding and it is a less desirable option for many women [4].

Corn Cervi Pantotrichum has been one of the most prized
health tonics in traditional oriental medicine for over 2,000
years. Corn Cervi Pantotrichum, warm in nature, sweet and

salty in flavour, was used as supplements for kidney, for
strengthening bones, boosting the bone marrow and for
nourishing the blood. As it has a unique natural model of rapid
and complete bone regeneration, Corn Cervi Pantotrichum has
received increasing attention because of its possible role in
bone formation. The studies have found that Corn Cervi
Pantotrichum growth factor could promote the viability and
proliferation of primary human alveolar osteoblast cells in vitro
[5]. Corn Cervi Pantotrichum extract may be a useful remedy
for the treatment of bone-resorption diseases such as
osteoporosis [6]. Zhou et al. have shown that a polypeptide
from deer velvet accelerates fracture healing in laboratory mice
by stimulating bone and cartilage formation [7].

But since now no studies have been carried out to evaluate
whether Corn Cervi Pantotrichum has an antiosteoporosis
activity either in a clinical or in an experimental study. The
present research was conducted to investigate the effect of
Corn Cervi Pantotrichum on postmenopausal osteoporosis in
Ovariectomized (OVX) rats and explore the molecule
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mechanism of Corn Cervi Pantotrichum in treating
postmenopausal osteoporosis.

Materials and Methods

Drugs and reagents
Corn Cervi Pantotrichum was purchased from Tianhuihonghe
Co., LTD (China), smashed into powder and filtered by the 80
mesh screen, prepared into suspension solution with water.
Climen tablets (Bayer Schering Pharma, Germany) which
contain 2 mg estradiol valerate and 1 mg Cyproterone acetate
was crushed, dissolved in water. Rat ALP Elisa kit, Rat
osteocalcin Elisa kit, Rat BMP-2 Elisa kit, Rat Smad1 Elisa kit,
Rat Smad5 Elisa kit, Rat Runx2 Elisa kit (All the Elisa kits
were all bought from AMEKO, Shanghai Lianshuo Biological
Technology Co., Ltd). Sheep polyclonal antibody anti-Osterix,
rabbit polyclonal antibody anti-IgG.

Animals and treatment
40 female SPF Sprague-Dawley (SD) rats weighing 200-220 g
were randomly divided into two groups, ten were for Sham
operated, the other thirty were ovariectomized. All the animals
were purchased from Liaoning Changsheng biotechnology co.,
LTD (China), and housed in a room at temperature of 21-25°C,
relative humidity of 50%-60% and a 12 h light/12 h dark cycle.
(All experimental designs and procedures had received
approval from the Animal Ethics Committee of Liaoning
university of traditional Chinese medicine). Animals had free
access to pellet food and tap water.

After 7 d of acclimation, the rats were ovariectomized or Sham
operated. The rats were anesthetized with 10% chloral hydrate
solution (0.35 ml.kg-1, i.p.), the ovaries were removed
bilaterally. Sham-operation was performed in the same manner
but only exposing the ovaries. They were administrated with
prophylactic penicillin (4000 IU kg-1, i.p.) for 4 d. A week
later, all the ovariectomized rats were randomly divided into
three groups, each group has ten rats. Sham and
Ovariectomized control (OVX) received the equivalence of
distilled water through gastric tube. The treatment groups were
given Corn Cervi Pantotrichum at the dose of 0.4 g.kg-1 body
weight, Climen at 0.2 mg.kg-1 daily for 12 w via oral gavages.
Climen group acted as the positive control group. Body
weights of all animals were measured weekly.

At the end of the 12 w trial, all the rats were deprived of food
for one night. On the next day, the animals were anesthetized
with 10% chloral hydrate solution (0.35 ml.kg-1, i.p.), and
blood were taken from abdominal aorta. The blood samples
were centrifuged at 3000 rpm (revolutions per minute) for 10
min to extract the serum and preserved at -70°C for baseline
bone biomarker measurements. After the collecting of blood,
some selected organs (liver, spleen, kidney, and uterus) were
carefully removed, cleaned and weighed. The femurs were
isolated and after the removal of muscle and tendons, then
washed with sterile normal saline. The right one was stored at
-70°C for bone mineral density detection. The left caput

femoris was cut into pieces, half was put into 1mL trizol for
further RNA experiment, and half was stored at -70°C for
further protein experiment. The left femur was fixed in 10%
formalin for histopathological evaluation. The tailbones were
stored at -70°C for ELISA.

Bone mineral density
Bone mineral density of the right femur was measured using
dual-energy X-ray absorptiometry (Norland, USA) with the
Small Subject Scout Scan. BMD was automatically calculated.

Serum and femur biochemical analysis
The serum was used for determining the activities of ALP,
TRAP, E2, OT, BMP-2. The distal femur (the quarter from the
aspect of the knee of the femur) were smashed and
homogenized in PBS containing 0.05 mg.ml-1 trasylol. The
homogenate was centrifuged at 3,000 rhm for 10 min. After
centrifugation, the bone extracts (supernatant fractions) were
used for the activities of ALP, OT, BMP-2, Smad1, Smad5 and
Runx2.All the activities were assayed with commercial kits
and prepared using established protocols. The absorbance was
read at 450 nm by multifunctional microplate reader (TECAN
Infinite M200, Austria).

Table 1. The PCR primer sequences for rats.

Gene Primer sequence

BMP2 F 5’-CTGCGGTCTCCTAAAGGTCG-3’

R 5’-ACTCAAACTCGCTGAGGACG-3’

Smad1 F 5’-GCAGTTGCTTACGAGGAACC-3’

R 5’-GGTGGACTCCTTTCCCGATG-3’

Smad5 F 5’-AGCAGAGATGTTCAGCCTGT-3’

R 5’-GCCTGGTGTTCTCGATGGTT-3’

Runx2 F 5’-GCCTTCAAGGTTGTAGCCCT-3’

R 5’-TGAAACTCTTGCCTCGTCCG-3’

β-actin F 5’-CGCGAGTACAACCTTCTTGC-3’

Quantitative real-time PCR
Total RNA was extracted from head of left femur using Trizol
reagent (Invitrogen, Carlsbad, CA, USA). Real-time
quantitative PCR analysis was performed on Stratagene
Mx3000p (Agilent, German) by Brilliant III Ultra-Fast SYBR®

Green QPCR Master Mix (Agilent Technologies, USA). The
reactions were assembled following the manufacturer’s
recommendation. Briefly, 25 μl of reaction mixture contain 1X
buffer (iQ SYBR Green Supermix, Bio-Rad), 200 nM forward
and reverse primers, and the cDNA template from the sample.
The PCR conditions are 3 min at 95°C, followed by 40 cycles
of 10 s at 95°C, 30 s at annealing temperature, and 30 s at
72°C. The specificity of PCR was verified by measuring the
melting curve of the PCR product at the end of reaction.
Fluorescent data are specified for collection during primer
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extension. The relative cDNA ratio was calculated using the
value of threshold cycles [8]. The PCR primer sequences for
mouse are shown in Table 1.

Western blot
The total protein of the femur was extracted and the protein
concentration was determined by lowry. The sample amount
was 30 μg. After SDS-PAGE gel electrophoresis, the
membranes were blocked for 2 h at room temperature with a
blocking solution (5% non-fat milk in Tris buffered saline with
Tween 20 (TBST) and incubated overnight at 4°C with sheep
polyclonal antibody anti-Osterix (1:3000), then added the
secondary antibodies (1:5000, Beyotime Technology Inc.) for 2
h at room temperature. Finally, the Immunoreactive proteins
were visualized by enzyme show method using the automatic
digital gel imaging system. The electrophoretic bands were
analysed with Scion Image software. The results of the graphs
were expressed by target gray-scale value of straps/β-actin
gray-scale value of straps.

Histopathological evaluation
The femur was fixed in 10% formalin for 24 h, decalcified in
20% Ethylene Diamine Tetra Acetic Acid (EDTA) for 7 d, and
embedded into paraffin. The block was then cut into slices
along the sagittal plane passing through the lengthways axis of
the femur. The sections were stained with Hematoxylin and
Eosin (HE), and examined for morphology under a light
microscope [9].

Statistical methods
All of the data were expressed as mean values ± Standard
deviations. Statistical analysis was performed with one-way
Analysis of Variance (ANOVA) using SPSS 16.0 software. The
arithmetic means, Standard Deviations (SD) and 99%
confidence intervals were calculated for each experimental
group.

Results

Bone mineral density
The effects of Corn Cervi Pantotrichum on the BMD of the
femur were presented in Figure 1. The BMD of femur was
significantly lower in OVX group than in Sham group at 12 w

after the operation. The BMD of the femurs in the groups
treated both with Corn Cervi Pantotrichum and Climen
increased significantly compared with that in OVX group.
There was no significant difference between the groups treated
both with Corn Cervi Pantotrichum and Climen.

Figure 1. Effect of treatment of Corn Cervi Pantotrichum on BMD of
femur for 12.

Biochemical markers
The effect of Corn Cervi Pantotrichum on biochemical
parameters both in serum and in femur were presented in Table
2. OVX rats showed significant lower levels of serum ALP,
OT, BMP-2 and E2 compared with Sham rats, but has a higher
level of TRAP than the sham rats. Administration of Corn
Cervi Pantotrichum had remarkable influence on serum
biochemical markers. Compared to the OVX group, the levels
of ALP, OT, BMP-2 and E2 were higher in both the OVX
+Corn Cervi Pantotrichum groups and the OVX+Climen. The
levels of ALP, OT, and BMP-2 were much higher in OVX
+Corn Cervi Pantotrichum groups than in the OVX+Climen
(P<0.01), but the level of TRAP and E2 was significantly
lower (P<0.01).

The femur levels of ALP, OT, BMP-2, Smad1, Smad5, Runx2
were significantly lower in the OVX group than in the Sham
group (P<0.01). After given Corn Cervi Pantotrichum, all the
biochemical parameters in femur were significantly increased
(P<0.01).

Table 2. Effect of treatment of CCP on biochemical parameters in OVX rats for 12 w (n=10/group).

Sham OVX OVX+Climen OVX+CCP

Serum ALP (U/L) 227.18 ± 7.20 53.45 ± 4.73 124.02 ± 9.53** 178.03 ± 9.54**

TRAP (pg/ml) 63.78 ± 11.05 401.27 ± 15.99 199.29 ± 12.54** 126.85 ± 14.12**

OT (μg/L) 348.34 ± 12.27 86.76 ± 4.01 202.94 ± 32.41** 240.59 ± 18.57**

BMP-2 (μg/L) 20.39 ± 0.89 5.55 ± 0.54 11.85 ± 0.76** 16.23 ± 0.91**

E2 (Ng/L) 7.79 ± 0.53 1.36 ± 0.05 11.16 ± 1.37** 5.01 ± 0.31**
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Bone tissure BALP (U/L) 4971.04 ± 215.19 753.28 ± 82.52 2775.66 ± 181.17** 4225.25 ± 219.94**

OT (μg/L) 583.27 ± 49.12 92.94 ± 8.98 303.95 ± 15.85** 438.57 ± 20.53**

BMP-2 (μg/L) 37.29 ± 1.29 4.79 ± 0.52 20.95 ± 3.08** 25.13 ± 2.12**

Smad1 (pg/L) 164.88 ± 12.36 60.76 ± 6.68 180.07 ± 17.51** 202.07 ± 17.20**

Smad5 (pg/L) 53.7 ± 5.35 4.88 ± 1.91 24.94 ± 6.27** 34.07 ± 2.15**

Runx2 (μg/L) 13.95 ± 1.16 2.03 ± 0.03 11.02 ± 2.11** 9.86 ± 1.08**

Values have been indicated as mean ± standard deviation, *P<0.05 versus OVX; **P<0.01 vs. OVX; P<0.01 vs. Sham

Quantitative real time PCR
BMP-2/Smads/Runx2 signal transduction pathway is important
for osteoblast differtiation. Figure 2 represents the expression
level of BMP-2, Smad1, Smad5, Runx2 mRNA in different
groups rats. A marked decline in the expression level of
BMP-2, Smad1, Smad5, Runx2 mRNA was observed in the
OVX rats when compared to the sham group. Given Corn
Cervi Pantotrichum for 12 w increased the BMP-2, Smad1,
Smad5, Runx2 mRNA expression level in OVX+Corn Cervi
Pantotrichum group compared to that of OVX group. The
Smad1, Smad5 mRNA was significantly higher than the
positive group (OVX+Climen).These results showed that Corn
Cervi Pantotrichum may upregulates BMP-2/Smad1, 5/Runx2
expression in OVX rats. This might be one of mechanism of
Corn Cervi Pantotrichum promoting bone formation and
repairing bone injury.

Figure 2. The results of quantitative real time PCR in different
groups.

Western blot
BMP-2/Smads/Runx2 signal transduction pathway is important
for osteoblast differentiation. Figure 3 and Table 3 represents
the results of BMP-2, Smad1, Smad5, Runx2 in different
groups rats. A marked decline of BMP-2, Smad1, Smad5,
Runx2 mRNA was observed in the OVX rats when compared
to the sham group. Given Corn Cervi Pantotrichum for 12 w
increased the BMP-2, Smad1, Smad5, Runx2 mRNA

expression level in OVX+Corn Cervi Pantotrichum group
compared to that of OVX group. The Smad1, Smad5 mRNA
was significantly higher than the positive group (OVX
+Climen). These results are found to be in line with the PCR
experimental results.

Table 3. The results of western blot in different groups (n=8/group).

Sham OVX OVX+Climen OVX+CCP

Bone
tissure

BMP-2 0.7640 ±
0.1397

0.5930 ±
0.0881

0.6410 ±
0.1062

0.7048 ±
0.0836*

Smad1 0.9235 ±
0.2188

0.4899 ±
0.0980

0.7545 ±
0.1337**

0.7911 ±
0.1831**

Smad5 0.7239 ±
0.1228

0.2987 ±
0.0753

0.4156 ±
0.0889**

0.5041 ±
0.1091**

Runx2 0.8857 ±
0.1060

0.4907 ±
0.0982

0.6605 ±
0.0717**

0.6295 ±
0.1291*

Values have been indicated as mean ± standard deviation, *P<0.05 vs. OVX;
**P<0.01 vs. OVX; P<0.01 vs. Sham

Figure 3. Morphology of the femur head in different groups.

Femur histological analysis
The Femur histological analysis results were showed in Figure
4 under the light microscope, the histology of the lumbar

Preventive and therapeutic effect of Corn Cervi Pantotrichum on bone tissue in ovariectomized rats through activation
of BMP-2/Smads/Runx2 signal transduction pathway

Biomed Res 2018 Volume 29 Issue 12 2605



vertebra of Sham rats revealed normal size, shape, density and
architecture of trabecular bone (A); OVX group sections
exhibited sparse, disrupted, spacing-enlarged and area-
diminished trabecular bone (B). After given Corn Cervi
Pantotrichum and Climen for 12 w, there was significant
restorative progress in the two groups. The result indicates that
the curative effect of Corn Cervi Pantotrichum was superior to
Climen (C and D).

Figure 4. The results of Western blot in different groups.

Discussion
This study is to evaluate the effect of Corn Cervi Pantotrichum
on osteoporosis induced by ovariectomy. It is known that
estrogen deficiency is an important risk factor in the
pathogenesis of osteoporosis. Ovariectomy in the rats results in
an increase in bone turnover rate and significant loss of
cancellous bone such as the proximal femur, vertebral bodies
and the metaphysis of long bones [10]. In our study,
ovariectomy rats for 12 w induced a decrease in femur BMD.
ALP, OT and BMP-2 are all bone formation markers. ALP is
known to be associated with bone metabolism and
differentiation of osteoblasts. TRAP has been used as a marker
enzyme of bone-resorbing osteoclasts. This enzyme is secreted
into the circulation by osteoclasts, and it has been suggested
that serum TRAP could be a useful marker of bone resorption.
The serum level of ALP, OT, BMP-2 were lower in the OVX
group than in the Sham group, but the TRAP level in the OVX
group was significantly increased. This indicated that
trabecular bone loss had occurred. After given Corn Cervi
Pantotrichum for 12 w, there was a marked increase in BMD.
The level of ALP, OT, BMP-2 were increased and the TRAP
was reduced. These results indicate that Corn Cervi
Pantotrichum play a positive role in the treatment and
prevention of osteoporosis in OVX rats, administration of Corn
Cervi Pantotrichum can inhibit bone absorption, and improve
bone remodeling.

Orlaith et al. detected that a continued increase in bone
resorption and relative reduction in bone formation, leading to
deterioration in bone microarchitecture according to estrogen
deficiency [11]. Estrogen deficiency during menopause causes

rapid bone loss, especially in the early years after menopause.
Previous studies have found that Corn Cervi Pantotrichum
contained six nature sex hormone such as estriol, 17β-estradiol,
estrone, corticosterone, testosterone, progesterone and so on. In
our research we have found that 17β-estradiol was lose much
in the OVX rats. Corn Cervi Pantotrichum contains hormone
which can help to complement the oestrogen level and the
serum level of E2 in OVX+Corn Cervi Pantotrichum group
was significantly higher than in the OVX group. The femur
histological analysis showed that Corn Cervi Pantotrichum
could prevent damages to bone tissue.

It is known that BMP signaling is transduced by the SMAD
family, including Smad1, Smad4 and Smad5 [12]. They form a
complex, move into the nucleus, and activate target genes [13].
Bone Morphogenetic Proteins (BMPs), with more than 20
members, belong to the TGF-β superfamily and were originally
identified by their unique ability to induce ectopic cartilage and
bone formation in vivo [14]. BMPs play important roles in
bone formation and bone cell differentiation by stimulating
alkaline phosphatase activity and synthesis of proteoglycan,
collagen, fibronectin, and osteocalcin [15]. Among BMP
family members, BMP-2 has been extensively studied and
demonstrated to play a crucial role in inducing osteoblast
differentiation and bone formation during embryonic skeletal
development and postnatal bone remodeling [16]. After
specific receptors binding, BMP-related effects are mediated
by different signaling pathways including the Ras/MAPK
system, different Smad proteins, Ca2+, cAMP, the Runx/Cbfa1
pathway, and the Wnt/β-catenin system [17,18]. The BMP-2/
Smads/Runx2 signal transduction pathway is important for
osteoblast differentiation.

Upon activation of the receptors by the cytokine, the type I
receptor phosphorylates specific intracellular proteins named
Smads. Smad1 and Smad5 are often referred to generically as
mediators of the BMP signaling pathway. It has been reported
that Smad1 is a mediator of the intracellular signaling of
BMP-2/4 for inducing ventral mesoderm in Xenopus [19-22].
Smad5, also termed dwarfin-C, is thought to act downstream of
BMP signaling pathways, because of the high homology with
Smad1, termed dwarfin-A (95% homologous). Smad5 induces
ventral mesoderm in Xenopus embryo, suggesting that Smad5
acts as a signal mediator of BMP-2/4 as well. BMP2 exhibits
this osteogenic action by activating Smad1/5/8 signaling and
regulating the transcription of osteogenic genes [23]. Runx2 is
transcriptionally regulated by various molecules, including
fibroblast growth factors, TGF-b and BMP [24]. BMP-2 is the
most potent osteogenic agents, which strongly promotes the
differentiation of pluripotent mesenchymal cells into
osteoblastic cells and is also involved in chondrogenic
differentiation [25,26]. Previous studies using pluripotent
mesenchymal cell lines have shown that Runx2 mRNA was
induced by BMP-2, and that Runx2 activity was reduced by
blocking BMP-2 [27-29]. In our study, we used Elisa to track
the expression of protein and used quantitative real-time PCR
to track the expression of mRNA in several osteoblast
phenotypic markers in the femur. We confirmed that Corn
Cervi Pantotrichum has a positive effect on post-menopausal
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osteoporosis by up-regulating BMP-2/Smad1,5/Runx2. The
experiment results showed that a marked decline in both the
protein expression level and the mRNA expression of BMP-2,
Smad1, Smad5, Runx2 mRNA was observed in the OVX rats
when compared to sham group. Given Corn Cervi
Pantotrichum for 12 w could increase the BMP-2, Smad1,
Smad5, Runx2 protein and mRNA expression level in OVX
+Corn Cervi Pantotrichum group compared to that of OVX
group. The Smad1, Smad5 mRNA was significantly higher
than the positive group (OVX+Climen). These results showed
that Corn Cervi Pantotrichum may upregulates BMP-2/Smad1,
5/Runx2 expression in OVX rats.

Conclusion
Corn Cervi Pantotrichum has potential as a safer alternative for
prevention of post-menopausal osteoporosis. It may be taken as
supplements by post-menopausal women who want to protect
themselves against osteoporosis but are afraid of the estrogens’
side-effects and Corn Cervi Pantotrichum could up-regulate
BMP-2/Smad1, 5/Runx2 expression. This might be one of
mechanism of Corn Cervi Pantotrichum promoting bone
formation and repairing bone injury.
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