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Abstract
Background: Recent studies have shown that rapamycin (Rapa) rescues cancellous bone loss of
osteoporosis models, but its effects on cortical bone and the biomechanical properties remain uncertain.
This study was aimed to determine whether rapamycin improve the quality of long bones in ovariectomy
(OVX)-induced osteoporosis.
Methods: Thirty female C57BL/6J mice were randomly divided into Sham, OVX and OVX+Rapa group.
Mice in the OVX+Rapa group were injected intraperitoneally with 1.5 mg/kg rapamycin daily after
ovariectomy. After 12 weeks, the microstructures of femurs and the vascular canal porosity tibiae were
analyzed by micro-CT. The compressive stiffness of the distal femurs was calculated with the micro-finite
element method, and the bending strength of the tibiae was evaluated with a three-point bending test.
Western blot of LC3, P62 was used to assess autophagy activity of bone. The number of osteoclasts was
quantified by tartrate-resistant acid phosphatase (TRAP) staining. ELISA detected the concentration of
bone-specific alkaline phosphatase (BALP) in serum.
Results: OVX led to a decrease in cross-sectional areas of the mid-diaphyses and distal femoral cortical
bones, increasing the cortical bone vascular canal porosity from 1.42% to 4.79%. The rapamycin reduced
cancellous bone loss and decreased cortical bone vascular canal porosity by 3.9%, but further reduced
the thickness of the distal femoral cortical bone by 16.7%, with no significant effect on the cortical bone
in the mid-diaphyses. Compared to the Sham group, OVX mice showed a decrease in distal femoral
stiffness to 6497 N/mm and a decrease in tibial maximum load to 6.08 N, while rapamycin intervention
did not significantly improve the decreased biomechanical properties. Moreover, rapamycin remarkably
reduced the TRAP-positive osteoclasts and the concentration of serum BALP by 80.6% and 30.8%,
respectively. Autophagy was activated in the OVX group compared with the sham group.
Conclusions: This study has demonstrated that rapamycin ameliorates cancellous bone loss and cortical
bone porosity in ovariectomized mice but partly reduces the size of cortical bone, while has no effect on
improving the biomechanical performance. Additionally, the present study also proved that OVX led to
both cancellous and cortical bone loss, with attenuated biomechanical properties of long bones.

Introduction
Rapamycin (Rapa), also known as sirolimus, is a macrolide compound initially discovered in a soil
sample from Easter Island. Rapamycin is widely used in the clinic as an immunosuppressor, especially
for preventing rejection of kidney transplants. Growing interest is attracted by rapamycin nowadays in
treatment for certain diseases such as cancer, tuberous sclerosis complex, lymphangioleiomyomatosis
and neurological diseases [11]. Rapamycin also functions as a specific inhibitor of the mammalian target
of rapamycin complex 1 (mTORC1) and effectively activates autophagy [25], which is an evolutionarily
conserved process in eukaryotes that degrades damaged proteins and organelles [10], also identified as
type Ⅱ programmed cell death.
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Researches have demonstrated that rapamycin has a significant effect on rescuing cancellous bone loss
by activating autophagy in osteoporosis animal models, including senile rats [16], chronic high dose
alcohol-treated mice [15] and ovariectomized (OVX) mice [18]. However, rapamycin may not have the
protective effect on cortical bone, Wu et al. indicated that rapamycin increases cancellous bone mass in
OVX mice with iron accumulation, but it makes no difference to cortical bone [23]. Moreover, in the study
for OVX mice treated with everolimus, the second novel rapamycin analogue, Kneissel et al. suggested
similar results [9]. Taken together, rapamycin provides protection to cancellous bone, but the protection to
the cortical bone has not been observed. It is also unclear whether treatment with rapamycin improves
the mechanical properties of long bones, especially in OVX mice. Therefore, effects of rapamycin on
cortical bone of OVX mice and on the quality of long bone as a whole deserve further study.
In addition, it is generally accepted that OVX results in cancellous bone loss. However, whether cortical
bone loss or attenuated biomechanical properties occur in OVX mice is still controversial[1, 3, 17, 19-21].
Sharma et al. suggested that increased vascular canal porosity in the cortical bone of OVX mice could be
detected by high-resolution micro-CT[21]. Therefore, it is necessary to study the changes in cortical bone
and biomechanical properties of mice after the long-term effect of OVX.
The primary objective of the present study was to evaluate the effect of rapamycin treatment on
microstructure of cancellous and cortical bones in ovariectomy (OVX)-induced osteoporosis, and the
overall biomechanical performance of long bones. The secondary objective was to investigate the effects
of OVX on the cortical bone and biomechanical properties of long bones.

Methods

Study Design
Thirty female C57BL/6J mice were purchased from the Laboratory Animal Centre of Southern Medical
University. After two weeks of adaptive feeding, the 8-week-old mice with an average weight of 18.17 g
were randomly divided into three groups (ten in each group) including Sham group, OVX group and
OVX+Rapa group. Mice in OVX group and OVX+Rapa group received bilateral ovariectomy under general
anesthesia by isoflurane. For activation of autophagy, a dose of 1.5 mg/kg Rapa (Solarbio Science &
Technology Co., Ltd, Beijing, China) was administered daily by intraperitoneal injection to mice in
OVX+Rapa group. All mice were housed under 12 h light-dark cycles with free access to food and water,
and at the temperature of 23 ± 1℃ and humidity of 50%. Weighed and recorded the body weight of mice
every two weeks. After feeding for 12 weeks, mice were anesthetized by isoflurane, and then femurs and
tibias were harvested after sacrifice and fixed in 4% paraformaldehyde or frozen at -80℃ directly. Seven
mice in each group were selected for micro-CT scanning on the same side of the femurs, the other side of
the femurs for histological staining, and the remaining femurs for Western blot analysis. In addition, the
ipsilateral tibia of each group of seven mice was used for the three-point bending test, and one tibia was
used for high-resolution micro-CT scanning.
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Micro-CT Scanning and Analysis
Femurs were scanned by the micro-CT system (μCT 80, Scanco Medical, AG, Switzerland) with an
isotropic voxel size of 12 μm, and at a voltage of 55 kV and a current of 145 μA. Referring to our previous
study, distal femurs and mid-diaphyses of femurs were defined as the region of interest for analysis [14].
The parameters of cancellous bone included bone volume/tissue volume (BV/TV), connection density of
trabecular (Conn.D), trabecular number (Tb.N), trabecular thickness (Tb.Th), trabecular separation
(Tb.Sp) and tissue mineral density (TMD), while the cortical bones from both distal femurs and middiaphyses of femurs were assessed by cross-sectional bone area (Barea), total cross-sectional area
(Tarea), cross-sectional bone area/total cross-sectional area (Barea/Tarea), cortical thickness (Ct.Th) and
tissue mineral density (TMD).
Besides, tibiae were scanned by the high-resolution micro-CT system (MultiScale Voxel-1000, Sanying
Precision Instruments Co., Tianjin, China) at a resolution of 2.48 μm, and at a voltage of 60 kV and a
current of 40 μA. The region of interest was defined as the starting 1 mm from the most distal end of the
growth plate in proximal tibial. The porosity, diameter and volume of vascular canal were calculated.

Simulated Compressive Test by the Micro-Finite Element
In order to assess the biomechanical properties, distal femoral models were established by highresolution bone microstructure images. Built on the three-dimensional structures, the simulated
compressive test was conducted using micro-finite element analysis (SCANCO Medical AG, Version 1.13)
[14]. Axial compressive test in the elastic range was simulated by homogeneous and isotropic elastic
materials. Parameters of the materials were Poisson’s ratio ν = 0.3 and Youngs modulus E=10,000 MPa.
The tests were conducted by “z-directional high friction compressive test”, i.e. along the femoral
longitudinal direction to evaluate the compressive stiffness of femoral bone.

Three-Point Bending Test
Reference to the previous study [24], biomechanical properties of tibiae were evaluated by three-point
bending test with materials testing machine (Electropuls E1000, Instron Inc., MA, USA). After being
thawed at room temperature for 1 h, tibiae were placed on two supports with a span of 10 mm on a slider
(Fig. 1). A compressive force was applied to the sample at a constant speed of 2 mm/min until it was
broken. The maximum load was determined by the displacement-load curves.

Histological Evaluation and Histochemical Staining
Femurs were decalcified by 15% EDTA for 4 weeks and then embedded in paraffin. The samples were cut
into sections of 4 μm in thickness and followed by being deparaffined in xylene and rehydrated by graded
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concentration of ethanol. To observe the morphologic changes of trabecular and the presence of
osteoclasts, hematoxylin-eosin (HE) staining (Fude Biological Technology Co., Ltd, Hangzhou, China) and
tartrate-resistant acid phosphatase (TRAP) staining (Nanjing Jiancheng Bioengineering Institute, Nanjing,
China) were performed as described by manufacturers’ protocols, respectively. Numbers of TRAP-positive
osteoclasts were counted with Image J 1.52 software (National Institutes of Health, USA) for semiquantitative analysis. The area from the growth plate to epiphysis was defined as the region of interest.

Western Blot Analysis
Intact femurs were frozen in liquid nitrogen and lysed in RIPA buffer (Beyotime, Shanghai, China)
containing PMSF, protease inhibitor and protein phosphatase inhibitor. After being ground in tissue
homogenization, samples were centrifuged at 4℃ and then the supernatant was collected. Lysates were
added with loading buffer and boiled at 100℃ for 5 min, saved at -80℃ for Western blot analysis.
According to the molecular weight, proteins were separated by 12% or 15% SDS-PAGE gels and
transferred to PVDF membranes. The membranes were blocked in 5% BSA for 1 h and followed by
incubating with primary antibodies against LC3B (1:500, Cell Signaling Technology, USA), P62 (1:1000,
Cell Signaling Technology, USA) or GAPDH (1:10000, abcam, UK) at 4℃ overnight. After three washes in
TBST (5 min each time), membranes were incubated with secondary antibodies (1:5000, Beyotime,
China) for 1 h at room temperature. The signal was finally determined by enhanced chemiluminescence
(ECL) system and quantified by Image J 1.52 software (National Institutes of Health, USA).

ELISA Assay
The level of bone-specific alkaline phosphatase (BALP) in serum was detected using BALP ELISA kit
(CUSABIO, E11914m, US). The procedure was performed according to the introductions of manufacture.

Statistical Analysis
Statistical analysis was performed by SPSS v.23.0 software. One-way analysis of variance was used to
analyze the difference between the whole three groups. Multiple comparisons were analyzed by the
Student-Newman-Keuls test. P＜0.05 was considered statistically significant.

Results

Body Weight
Because the mice were not born in the same litter, the initial body weight of the mice in the OVX+Rapa
group was lower than that of the other two groups (Fig. 2). To exclude the influence of body weight on the
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results, data were adjusted for initial body weight. After 12 weeks of feeding, there was no significant
difference in body weight between three groups.

Micro-CT Measurements of Cancellous and Cortical Bone
Micro-CT was used to determine the effects of ovariectomy and/or rapamycin on the bone. The data of
micro-CT show that significant bone loss was occurred both in cancellous bone and cortical bone due to
ovariectomy (Fig. 3, Fig. 4, Table 1). Of note, the cross-sectional cortical bone areas, recorded as Barea, of
both mid-diaphyses and the distal femurs in OVX mice were lower than that of the sham group (the OVX
group vs. the Sham group: 0.71 mm2 and 0.73 mm2 vs. 0.78 mm2 and 0.81 mm2 in the mid-diaphyses
and distal femurs, respectively, both P＜0.05, Table 1).
Table 1
Micro-CT analysis of cortical bone from distal end and mid-diaphyses of femurs
Segments

Groups

Barea
(mm2)

Tarea
(mm2)

BA/TA

Ct.Th (mm)

TMD (mg
HA/ccm)

Middiaphyses

Sham

0.78±0.03

1.76±0.06

0.44±0.02

0.18±0.01

967±19

OVX

0.71±0.03 a

1.72±0.08

0.42±0.01 a

0.17±0.00 a

955±17

OVX +
Rapa

0.71±0.03 a

1.81±0.04

0.43±0.01 b

0.17±0.01 a

1020±31 a, b

Sham

0.81±0.09

0.95±0.09

0.85±0.06

0.12±0.01

874±15

OVX

0.73±0.04 a

0.85±0.06

0.86±0.02

0.12±0.01

844±19 a

OVX +
Rapa

0.66±0.04 a

0.80±0.04 a

0.92±0.03 a,

0.10±0.01 a,

894±35 b

Distal end

a

b

b

Data are presented as mean ± standard deviation
a

P<0.05，compared with Sham group

b

P<0.05，between OVX and OVX + Rapa group

As for cancellous bone, the OVX+Rapa group showed significantly higher BV/TV, Conn.D, Tb.N, Tb.Th,
TMD with lower Tb.Sp than that in the OVX group (P＜0.05). Even comparing with the Sham group, the
OVX+Rapa group had striking increases of BV/TV, Conn.D, Tb.Th and TMD (P＜0.05, Fig. 3, Fig. 4).
However, for cortical bone from mid-diaphyses of femurs, Barea and Ct.Th in the OVX+Rapa group were
not significantly different from the OVX group (P＞0.05, Table 1). Furthermore, compared to the OVX group,
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the cortical bone of distal femur in the OVX+Rapa group had a 9.6% decrease in Barea, a 5.9% decrease
in Tarea, and a 16.7% significant decrease in Ct.Th (the OVX group vs. the OVX+Rapa group: 0.12 mm vs.
0.10 mm, P＜0.05, Fig. 3, Table 1).
Moreover, as shown in Fig. 5, high-resolution micro-CT scans of the proximal tibia indicated that the
vascular canal porosity in the OVX group was higher than that of the Sham group (the OVX group: 4.79%,
the Sham group: 1.42%), while the porosity in the OVX+Rapa group was reduced to 0.89%. Both in the
Sham group and the OVX+Rapa group, canals with diameters less than 5 μm were the most in number,
while those with diameters greater than 80 μm accounted for the largest volume, at 43.76% and 28.20%
respectively. In the OVX group, the number of canals with a diameter greater than 100 μm was the largest
and accounts for 70.37% of the volume of the canals.

Biomechanical Properties of Long Bones
In a simulated compressive test by the micro-finite element, the data show that the stiffness of the distal
femur in the OVX group and OVX+Rapa group were declined considerably to 6497±376 N/mm and
6098±357 N/mm (Fig. 6A, both P＜0.05) respectively, compared to the stiffness in the Sham group
(7414±732 N/mm). Compared with the Sham group, the stiffness of distal femurs in the OVX group was
decreased by about 12.0% while the treatment of rapamycin made a further decrease of 6.1%.
Similarly, the three-point bending test of the tibiae showed a sharp decline by 24.8% in maximum load in
the OVX group (6.08±0.91 N) compared to the Sham group (8.08±1.04 N, Fig. 6B, P＜0.05). Moreover,
rapamycin intervention (6.35±0.77 N) could not significantly increase the maximum load reduced by
ovariectomy (Fig. 6B, P＞0.05).

Histological Characteristics and Bone Metabolism
The morphology of cancellous bone in distal femurs was observed by HE staining. As shown in Fig. 7A-C,
compared with the Sham group, the number of trabeculae in the OVX group reduced and the separation
increased, while the microstructure destruction in the OVX+Rapa group was alleviated.
To determine whether the process of autophagy is affected by ovariectomy, proteins extracted from
femurs were examined by Western blot. As can be seen in Fig. 8, the ratio of LC3-Ⅱ/LC3-Ⅰ was significantly
higher in OVX mice, with obviously lower expression of P62 (P＜0.05).
TRAP staining was performed to investigate how rapamycin act on osteoclasts in cancellous bone. In
comparison with the Sham group, the TRAP-positive osteoclasts in the OVX group were obviously
increased, while the rapamycin treatment reduced it dramatically (P＜0.05, data not shown, Fig. 7D-F).
ELISA was performed to detect the BALP concentration in serum as an indicator of osteoblast
differentiation. Compare with the Sham group (314.7 ng/mL) and the OVX group (303.9 ng/mL), BALP
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concentration of the OVX+Rapa group was significantly reduced (210.2 ng/mL, P＜0.05).

Discussion
Researches have shown that rapamycin has an advantageous impact on cancellous bone, but its effect
on cortical bone or overall biomechanical properties of long bones is rarely reported [9, 15, 16, 18, 23]. The
present study verified that rapamycin improved cancellous bone at the distal end of the femur, but we
also found a reduction in cortical bone of long bones. We further confirmed that rapamycin did not
ameliorate the biomechanical properties reduced by ovariectomy, either in the distal femur or in the tibia.
This may be related to the excessive autophagy caused by rapamycin and ovariectomy combined. In
addition, this study also confirmed that ovariectomy resulted in cortical bone loss in mice, a phenomenon
not observed in some studies of OVX induced osteoporosis, which may be related to the long-term
observation of OVX mice.
Studies have shown that rapamycin has a significant effect on reducing cancellous bone loss in
osteoporotic animal models, including age-related osteoporosis, alcohol-induced osteoporosis, and
postmenopausal osteoporosis [15, 16, 18]. The present study has also confirmed this effect of rapamycin
in OVX mice. However, as the treatment strategy of osteoporosis is mainly focused on cancellous bone,
there is still a lack of attention on the effect of cortical bone. A study by Wu et al. indicated that in OVX
mice with iron accumulation, rapamycin has no effect on cortical bone although it increases cancellous
bone mass [23]. Kneissel et al. suggested similar results in the study of OVX mice treated with rapamycin
analogue [9]. In the present study, we evaluated the cortical bone not only at the diaphyses, but also at the
distal femur as the same level of the cancellous bone. The results have shown that rapamycin has no
effect on cortical bone in mid-diaphyses, as had been found in previous studies. However, we did observe
further reductions in the area and thickness of the cortical bone in the distal femur. This suggests that
contrary to the superior effects on cancellous bone, rapamycin treatment could not alleviate cortical bone
loss in OVX mice. In addition, it also implies that the cortical bone from distal femurs responds more
rapidly to the intervention of rapamycin than that from mid-diaphyses.
Interestingly, although rapamycin further decreases the bone area and thickness of cortical bone at the
end of long bones, it reduced the vascular canal porosity in this section. This suggests that rapamycin
reduces the size of the cortical bone but improves its density. The effects of rapamycin on bone tissue
are therefore complex.
Since cancellous and cortical bone showed opposite trends under rapamycin treatment, it is necessary to
assess the effect of rapamycin on long bone in terms of overall biomechanical function. The results
indicate that rapamycin did not improve the biomechanical properties of the long bones of OVX mice,
either in terms of stiffness or maximum load. Here, the simulated compressive test was performed on the
distal femurs only. For mid-diaphyses of femurs, the biomechanical properties are mainly determined by
the cross-sectional bone area, showing no change after the rapamycin treatment.
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It is worth mentioning that whether cortical bone loss and attenuated biomechanical properties occur in
OVX mice remains controversial. The present study has demonstrated that cross-sectional bone area and
cortical bone thickness were decreased in the mid-diaphyses of femurs, which is consistent with the
investigation of tibial cortical midshafts from OVX mice [19]. Furthermore, reduced cortical bone crosssectional area and bone mineral density in the distal femurs were also observed. However, Pereira et al.
suggested that for rats 10 weeks after ovariectomy, cancellous bone was damaged but not cortical bone
in the distal femur [17]. It is possible that differences in the timing of intervention as well as species
differences are responsible for the different results.
Besides, this study supports that OVX results in higher vascular canal porosity, weakening the
biomechanical properties of the long bone, which is in good agreement with the study of femoral necks
from rats [1]. A study of rats 10 weeks post-OVX also has indicated that estrogen deficiency leads to
increased cortical bone vascular canal porosity, which has been proved to closely relate with bone
strength [3, 21]. Shah et al. verify this change in cortical vascular canal porosity in a study of rats 4 and 8
weeks after ovariectomy. However, they tend to refute the decreased mechanical properties induced by
ovariectomy, because the indentation hardness and elastic modulus are unaffected [20]. The reason for
the different results may be that the indentation hardness and elastic modulus and the axial compression
stiffness and maximum load measured in this study are evaluated from different aspects of
biomechanical properties. Moreover, we believe that the biomechanical properties of long bones could be
weakened during prolonged estrogen deficiency states. Different duration after the intervention may be
another reason for the different results.
Here, autophagy activity was evaluated to explore the possible mechanisms of changes in bone.
Autophagy acts to degrade the impaired proteins or organelles to maintain cell homeostasis, it can be
activated by cellular stress such as under situations of energy deficiency, starvation or hypoxia [4]. The
increased ratio of LC3-Ⅱ/LC3-Ⅰ and reduced P62 expression serve as indexes of activated autophagic
activity [7, 8]. In this study, 12 weeks after the intervention, the OVX group showed markedly higher
activity of autophagy in bone tissue when compared with the Sham group, indicating that ovariectomy
has an activating function to autophagy. The results are in agreement with previous studies [2, 28].
Estrogen withdrawal, increased oxidative stress and up-regulation of microRNA-119a-3p are the potential
factors for autophagic activation in the bone of OVX mice [2, 5, 22]. Rapamycin has been shown to inhibit
mTORC1 specifically, leading to increased autophagy activity [4]. Therefore, for bone tissue of OVX mice,
autophagy was further activated with rapamycin intervention.
Researches have indicated that inhibition of autophagy results in decreased differentiation and bone
resorption [13, 26]. Besides, Gavali et al. reported that estrogen reduces osteoblasts apoptosis and
enhances mineralization by promoting autophagy [6]. These findings are supported by Yang et al. [27].
Therefore, it is believed that moderate autophagy is advantageous for the survival or functions of
osteoclasts and osteoblasts. However, in this study, after further activating autophagy by rapamycin,
TRAP-positive osteoclasts were noticeably reduced in the epiphysis, suggesting the damaged
osteoclastogenesis. Also, the expression of BALP was decreased, indicating restricted differentiation of
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osteoblasts. We suppose that activated autophagy might act as a protective reaction after ovariectomy to
resist cellular stress, while excessive autophagy could instead cause damage. This idea is supported by
researches for autophagy in the motor neuron. In neurodegenerative disease, autophagy may have a
neuroprotective effect by degrading aggregated proteins, but excessive autophagy by rapamycin
treatment results in mitochondria damage and apoptosis in motor neuron [12, 29]. Therefore, in this
study, it could be speculated that both osteoclasts and osteoblasts are damaged by excessive autophagy
simultaneously, but the mechanisms underlying the inconsistent changes in cancellous and cortical bone
require further study.
There are still some limitations in this study that need to be recognized. Firstly, in this study, mice received
prolonged rapamycin treatment immediately after ovariectomy, other dosages and intervention time of
rapamycin treatment should be taken into consideration. Secondly, there is a lack of molecular biology
testing to verify the hypothesized mechanisms, such as the differentiation of osteoblasts. Thirdly, the
number of tibiae on which high-resolution micro-CT scanning was performed was limited and was only
used as a preliminary determination. On the other hand, the advantages of this study were the long
duration of the intervention and the detection of different parts of the cortical bone. Also, we performed
biomechanical tests on long bones as a functional assessment.
Taken together, rapamycin may not improve the quality of long bone in OVX mice. Excessive autophagy
activity might be a possible mechanism. These findings may help to provide a comprehensive view of
rapamycin treatment. In the clinical use of rapamycin, especially for postmenopausal women, there is a
need to pay close attention to the possible adverse changes in cortical bone. In addition, we have
demonstrated that cortical bone loss and attenuated biomechanical properties occur in the long bone
after long time OVX, besides of cancellous bone loss.

Conclusion
Here, we have indicated that rapamycin treatment for OVX mice rescues cancellous bone loss and
cortical bone porosity but partly reduces the size of cortical bone, while could not ameliorate the
decreased biomechanical properties of long bones. Therefore, rapamycin does not improve the overall
quality of long bones in OVX mice. The high activity of autophagy might account for the results. Besides,
we also provide evidence that long time ovariectomy leads to both cancellous and cortical bone loss and
decreased biomechanical properties of the long bone.
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BALP, Bone-specific alkaline phosphatase
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Figure 1
The three-point bending test set-up. The mouse tibia was placed between two supports with a span of 10
mm on a slider. A compressive force was applied to the bone until it was broken

Figure 2
The body weight of mice during 12 weeks. * P<0.05
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Figure 3
The micro-CT images of both cancellous bone and cortical bone of femurs at the distal and diaphyses
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Figure 4
Micro-CT analysis of cancellous bone from distal femurs: (A) bone volume/tissue volume (BV/TV), (B)
connection density of trabecular (Conn.D), (C)trabecular number (Tb.N), (D) trabecular thickness (Tb.Th),
(E) trabecular separation (Tb.Sp), (F) tissue mineral density (TMD). * P<0.05, ** P<0.01
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Figure 5
High-resolution micro-CT scanning analysis of the vascular canal porosity of the proximal tibial cortical
bone

Figure 6
Tests of biomechanical properties: (A) stiffness (N/mm) evaluated by the simulated compressive test, (B)
maximum load (N) measured by the three-point bending test, (C) one of the displacement-load curves
from the three-point bending test. ** P<0.01
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Figure 7
Histochemical Staining: (A-C) the HE staining, (D-F) the TRAP staining

Figure 8
Western blot and qualification for LC3-Ⅱ/LC3-Ⅰand P62. ** P<0.01

Page 19/19

