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Abstract

Purpose: To study the anti-osteoporotic effect of Shengu'an in rats, and elucidate the mechanism of
action involved.

Methods: Forty healthy female SPF mice were randomly divided into control group, saline-treated
group, TGFBR I receptor inhibitor group, and shengu'an group. The expressions of type I collagen
(Co1-1l) and platelet endothelial cell adhesion factor (CD-31) were determined. The expressions of
transforming growth factor 81 (TGF-1), p-smad2/3, matrix metalloproteinase-9 (MMP-9) and osteoblast
specific transcription factor (osterix) were assayed by western blotting.

Results: The expression of Co1-ll in the vertebral body was significantly lower in model mice than in
control mice, but was significantly higher in shengu'an mice when compared with model mice (p < 0.05).
In shengu'an mice, Col-l was markedly upregulated, relative to model mice, and the expressions of
CD31 in TGFBR Ireceptor inhibitor group and shengu'an group were lower than in model group (p <
0.05). There were significantly lower expressions of TGF-81 and p-smad2/3 in the vertebral body of
shengu'an group than in model mice, but osterix was upregulated relative to model mice (p < 0.05).
Conclusion: Shengu'an exerts anti-osteoporotic effect by downregulating TGFB/smad signal pathway.
There is thus a potential for its clinical application in the management of osteoporosis.
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INTRODUCTION bone pain and susceptibility to fracture as the
key characteristics [2]. Lumbar injury increases
Vertebral osteoporosis, an osteopathy the risk of osteoporosis, and about 25 % of

characterized by low bone mass and destruction
of bone tissue microstructure, is the main
manifestation in chronic spinal degeneration [1].
There is a steady increase in the number of
osteoporosis patients, mostly among
postmenopausal women and elderly men, with

lumbar joint injury occurs in male population, with
the incidence positively correlated with age [3].

Vertebral compression fracture caused by
osteoporosis is a bone pathology which seriously
impairs the well-being of the elderly. Clinical
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research shows that traditional Chinese medicine
effectively mitigates cervical and lumbar pain
caused by intervertebral disc degeneration, and
the curative effect is definite [4]. Studies have
confrmed that the kidney-tonifying method
regulates bone metabolism [5].

Although shengu'an is traditional Chinese
medicine which promotes bone formation, there
are so far very little investigations on the drug [6].
Transforming growth factor B 1 (TGF-p1) -
Smad2/3 signal participates in the regulation of
cartilage metabolism, and maintains stable
metabolism and structural integrity of cartilage
[7]. Under external stimulation, the cartilage
matrix activates TGF- in the matrix and repairs
the tissue. However, it is not in all cases that
TGF-B can effectively repair the tissue [8].
Sufficient TGF-B in cartilage formation and
development can accelerate cartilage maturation,
and low level of TGF-B is needed in mature
resting cartilage. Therefore, appropriate amount
of TGF-B is the key to maintenance of normal
metabolism of cartilage [9].

Advances in osteoporosis research,
improvements in medical devices, and the
emergence of new drugs have led to a large
number of repeatable animal models of
osteoporosis. However, there are many
limitations in the establishment of this model.
There is need to make a model of vertebral
osteoporosis in a short period of time. Therefore,
this study investigated the anti-osteoporotic
effect of shengu'an in relation to the TGFB1-
Smad?2/3 signal pathway.

EXPERIMENTAL
Animals and groups

Forty healthy female SPF mice were purchased
from Beijing Weitong Lihua Animal Experimental
Center (production batch number SCXK (Beijing:
2019-01129). Two groups of mice were used:
control mice (sham-operated, 10 mice) and
model mice (n = 30). In the control group, the
ovaries were exposed without treatment. In the
model group, bilateral ovaries and lumbar-to-
spine were excised to make the mice lose
balance between dynamic and static forces. The
model mice were randomly divided into model
group, TGFBR I receptor inhibitor group and
shengu'an group, with 10 mice in each group.
The mice in the control group and model group
were given the same volume of normal saline,
while those in the TGFBR I receptor inhibitor
group were given sb505124 (TGFBR I receptor
inhibitor) at a dose of 0.2 ml/10g, twice a day.
The shengu'an group received stomach infusion

of concentrated decoction of shengu‘an at a dose
of 0.2ml/10g, twice a day. After 12 weeks, all
mice were sacrificed and L4/5 vertebral bodies
were excised.

The study received approval from the Animal
Ethical Committee of The Third Affiliated Hospital
of Zhejiang Chinese Medical University (approval
no. 20197873), and it was carried out in line with
the "Principles of Laboratory Animal Care" (NIH
article no. 85-23 [10].

Instruments and reagents

The major instruments used, and their sources
(in  brackets) were: positive fluorescent
microscope  (Shanghai  Wanheng  Jingmi
Instrument Co. Ltd); automatic tissue dehydrator
(Jinhua Shenzhou centrifuge Co. Ltd); paraffin
tissue embedding machine (Beijing Keyu Xingye
Technology Development Co. Ltd); paraffin
tissue slicer (Jinhua Huiyou Instrument Co. Ltd);
multifunctional automatic dyeing machine
(Beijing dingyong Huatai Technology Co. Ltd);
magnetic  stirring instrument (Shanghai
Yuezhong Instrument Equipment Co. Ltd);
constant temperature blast drying oven
(Shanghai Binglin Electronic Technology Co.
Ltd); toothed tweezers (Shandong shipol
Biomedical Co. Ltd); ultrapure water system
(Shandong hangaolian Environmental
Technology Co. Ltd); enzyme standard
instrument (Huataihe he Commerce and Trade
Co. Ltd); electrophoresis instrument (Beijing Bole
Life Science Development Co. Ltd); membrane
transfer instrument (Jiangsu Saions Co.); and
laser image scanning detection system
(Guangzhou Electronic Technology Co. Ltd of
Chinese Academy of Sciences).

The reagents used, and their sources (in
brackets) were: protein extraction kit (Shanghai
Zhennuo Biotechnology Co. Ltd); BCA protein
concentration test kit and first antibody diluent
(Beijing  Solabo  Technology Co. Ltd);
immunohistochemistry  two-part method kit
(Shenyang Wanke Biotechnology Co. Ltd);
protein  electrophoresis  molecular  weight
standard (Beijing taizeruida Technology Co. Ltd);
PVDF membrane (Biotechnology Co. Ltd) and
ECL luminescent detection kit (Xi'an Dongao
Biotechnology Co. Ltd).

Immunohistochemical assay

The L4/5 segment tissues of mice in each group
were decalcified, dehydrated, embedded and
sectioned to slices of thickness 4um which were
soaked in water at 40 °C. The sections were then
oven-dried, dewaxed in xylene, dehydrated with
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gradient alcohol, and put into EDTA antigen
repairing solution at 90 °C. This was followed
with washing in distilled water and immersion in 3
% H202. After rinsing with PBS solution, they
were incubated overnight with the primary
antibodies Co1-1l (1:400), Co1-1 (1:400), and
vascular endothelial growth factor (VEGF, 1:400)
at -4 °C, followed by incubation with secondary
antibody at room temperature for 20 min. The
expressions of typeIcollagen (Co1-1) and
platelet endothelial cell adhesion factor (CD31)
were examined under the microscope and
recorded.

Western blotting

Total protein in the vertebrae of mice was
extracted, and after determination of the protein
concentration with BCA assay kit, the sample
protein was transferred to Heart EP tube and
subjected to SDS polyacrylamide gel
electrophoresis. The bands were transferred to
PVDF membrane which was blocked with skim
milk solution for 1 h. The membrane was then
incubated with primary antibodies for p-smad2/3,
matrix  metalloproteinase-9  (MMP-9) and
osteoblast specific transcription factors (osterix).
This was followed with incubation with secondary
antibody at room temperature. The relative
protein expressions were determined using
chemiluminescence.

Statistical analysis

Results are presented as mean = SD.
Comparison between two groups was performed
with t-test. Multiple group comparison was done
with one-way ANOVA and LSD test. Statistical
significance was assumed at p < 0.05. The data
were analyzed using SPSS 16.0 (IBM, USA).

RESULTS
Expression of Co1-ll in vertebrae of mice

The expression of Co1-Il in the vertebral body of
model mice was markedly lower than that in
control mice, but was significantly higher in the
vertebral body of the shengu'an group than in
model mice (p < 0.05). The expression level of
Co1-ll was comparable between TGFBRI
receptor inhibitor and model groups (p > 0.05).
These results are shown in Figure 1.

Co1-1 expression in vertebrae of mice

The expression of Co1-1 in model mice was
marked increased, when compared to control
mice, while Co1-1 expression in TGFBRRI
receptor inhibitor mice was markedly reduced,

relative to model mice (p < 0.05). Moreover, Co1-
1 expression in shengu'an-treated mice

increased, relative to that in model mice (p <
0.05), as shown in Figure 2.

Figure 1: Co1-ll expressions in vertebrae of mice
among the groups. A: control mice; B: model mice; C:
TGFBRI receptor inhibitor mice; D: shengu‘an mice

Figure 2: Expression of Col-l in vertebrae of mice
among the groups. A: Control mice; B: Model mice; C:
TGFBRI receptor inhibitor mice; D: shengu'an mice

CD-31 expression in vertebrae of mice

As shown in Figure 3, the expression of CD-31 in
model group was markedly higher than that in
control mice, but was significantly lower in
TGFBR O receptor inhibitor and shengu'an
groups than in model mice (p < 0.05).
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Figure 3: CD31 expression in vertebrae of mice
among the groups. A: control mice; B: Model mice; C:
TGFBR I receptor inhibitor mice; D: shengu'an mice

Expressions of related proteins in TGF-
B1/smad pathway in vertebrae of mice

The expressions of p-smad2/3, TGF-B1 and
MMP-9 in the vertebral body of the model group
were significantly higher than those of the control
group (p < 0.05). Moreover, the expressions of p-
smad2/3, TGF-B1 and osterix in the vertebrae of
the mice in the TGFBR I receptor inhibitor group
were markedly upregulated, relative to model
mice (p < 0.05). The level of expression of MMP-
9 was comparable between mice in TGFERI
receptor inhibitor and model groups. However, p-
smad2/3 and TGF-f1  were markedly
downregulated in the vertebral body of
shengu'an group, while osterix expression was
markedly upregulated, relative to model mice (p
< 0.05). The expression level of MMP-9 in
vertebral body was similar in shengu'an and
model groups (p > 0.05). These results are
shown in Figure 4.

TGFﬁiIE‘]'E[._I;?'?g;:lol
T R  —

contrel maddel shengu'an

TGEfil
T S ——  —— ]S
. . — A
A  —— A S 51011

(S S — (AP

Figure 4: Expressions of related proteins in TGF-
B1/smad pathway in vertebrae of mice

DISCUSSION

The vertebral endplate is a semi permeable
membrane  barrier which  connects the
intervertebral disc and adjacent upper and lower

vertebrae. It is involved in mechanical
conduction. Moreover, it is a key channel for
gathering nutrients and excreting wastes. If the
structure and function of the vertebral endplate
are compromised, degenerative diseases of the
intervertebral disc result [11]. The control of
mechanical force on the metabolism of
osteochondral is realized by mechanical
conduction. Changes in mechanical stimulation
cause abnormal activation of the molecular
pathway of osteochondral cells, leading to
related pathological changes [12].

It has been reported that TGFB1/smad signaling
pathway plays an important role in the
pathological remodeling of articular cartilage in
the OA mice model of joint imbalance. Inhibition
of TGFB1/smad signaling pathway significantly
suppresses subchondral bone remodeling
caused by joint imbalance, and protects articular
cartilage [13]. The content of TGF-B1 in the
embedded bone matrix is very high. If
pathological bone remodeling occurs, a large
number of TGF-B1 will be produced, which will
lead to the damage of subchondral bone [14].

Shengu'an is a popular Chinese medicine used
for clinical prevention and treatment of
intervertebral disc degeneration. Some studies
have shown that Yiqi Huayu Bushen recipe
reduces the clinical symptoms in patients with
cervical disc degeneration. Other studies have
shown that shengu'an, a Chinese medicine for
tonifying the kidney, regulates bone metabolism
and bone remodeling. Many studies have
confirmed that kidney-tonifying herbs affect the
activation of TGFB1/smad pathway [15]. The
TGFB1/bone morphogenetic protein (BMP)
pathway is similar to balance in kidney yin and
yang in traditional Chinese medicine, indicating
that kidney tonifying Chinese medicine for
improving bone metabolism may be based on the
TGFB1/smad pathway, and so may be beneficial
in the prevention and treatment of vertebral
osteoporosis [16].

In model mice, the expression of Co1-ll in the
vertebral body was markedly downregulated,
relative to control, but it was markedly increased
in the shengu'an-treated mice, relative to model
mice. This suggests that shengu'an promoted the
expression of Co1-ll. The expression of Co1-1
was markedly upregulated in model mice,
relative to control, but it was significantly lower in
TGFBR O receptor inhibitor mice than in model
mice. There was higher level of Co1-l in
shengu'an-treated mice than in model mice.
These results suggest that shengu'an promoted
the expression of Co1-1. The expression of CD-
31 was higher in model mice than in control
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mice, but was significantly lower in TGFRRI
receptor inhibitor and shengu'an groups than in
model mice. These results show that shengu'an
inhibited vascular erosion.

There were higher expressions of p-smad2/3,
TGF-B1 and MMP-9 in the vertebral body of
model mice than those in control mice, and
osterix level was markedly lower than that in
control mice. The expressions of TGF-f1 and
osterix in the vertebrae of mice in the TGFRR I

receptor inhibitor group were markedly
increased, while p-smad2/3 expression was
downregulated, relative to model mice.
Moreover, p-smad2/3 and TGF-f1 were

markedly downregulated in vertebral body of
shengu'an-treated mice, while osterix expression
was markedly upregulated, relative to model
mice. These results indicate that inhibition of
osteoclast significantly suppressed the
production of TGF-B1, leading to downregulation
of the TGF-B 1-Smad2/3 pathway. Shengu'an
regulated the expressions of p-smad2/3, TGF-1
and MMP-9 in TGFB/smad signal pathway, and
inhibited the TGFB/smad signal pathway. The
inhibition of the signal pathway and osteoclast
mitigated osteoporosis. The effect of shengu'an
was similar to that of TGF1 receptor inhibitor, to
a certain degree.

These results indicate that the TGFp/smad signal
pathway which was activated in osteoporosis,
was inhibited by shengu'an. Thus, shengu'an
may be effective in the treatment of osteoporosis.

CONCLUSION

Shengu'an exerts an anti-osteoporotic effect
through downregulation of the TGFf/smad signal
pathway. Therefore, it has potential for clinical
application in the treatment of osteoporosis.
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