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Abstract

Osteoporosis is characterized by low bone mass and compromised trabecular architecture, and is
commonly occurred in post-menopausal women with estrogen deficiency. In addition, prolonged
mechanical unloading, i.e., long term bed rest, can exaggerate the bone loss. Sclerostin is a Wnt
signaling antagonist and acts as a negative regulator of bone formation. A sclerostin-neutralizing
antibody (Scl-Ab) increased bone mineral density in women with postmenopausal osteoporosis
and healthy men. The objective of this study is to characterize the condition of bone loss in
ovariectomized (OVX) rats with concurrent mechanical unloading and evaluate the effect of
sclerostin antibody treatment in mitigating the prospective severe bone loss conditions in this
model. Four-month-old OV X- or sham-operated female SD rats were used in this study. They were
subjected to functional disuse induced by hind-limb suspension (HLS) or free ambulance after 2
days of arrival. Subcutaneous injections with either vehicle or Scl-Ab at 25mg/kg were made twice
per week for 5 weeks from the time of HLS. uCT analyses demonstrated a significant decrease in
distal metaphyseal trabecular architecture integrity with HLS, OV X and HLS+OVX (Bone volume
fraction decreased by 29%, 71% and 87% respectively). The significant improvement of various
trabecular bone parameters (Bone volume fraction increased by 111%, 229% and 297%
respectively as compared with placebo group) with the administration of Scl-Ab are associated
with stronger mechanical property and increased bone formation by histomorphometry. These
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results together indicate that Scl-Ab prevented the loss of trabecular bone mass and cortical bone
strength in OV X rat model with concurrent mechanical unloading. The data suggested that
monoclonal sclerostin-neutralizing antibody represents a promising therapeutic approach for
severe osteoporosis induced by estrogen deficiency with concurrent mechanical unloading.
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severe osteoporosis; mechanical unloading; post-menopause; sclerostin antibody;
histomorphometry

Introduction

Osteoporosis is characterized by compromised bone mass and microarchitectural
deterioration [1-3]. Currently, it is estimated to affect more than 10 million Americans,
cause about 1.5 million osteoporotic fractures each year and put an estimated 44 million
Americans at risk, which exerts an extensive financial burden on the healthcare system with
a direct annual medical cost of around 20 billion dollars[4]. With the growth of aging
population, the incidence of osteoporosis and prevalence of osteoporotic fractures is
expected to increase dramatically [5-8].

Significant bone loss related to mechanical disuse or loss of weight bearing in prolonged
bed-ridden patients represents a critical issue [9-11]. Numerous biochemical parameters
showed uncoupling between bone resorption and formation markers as well as an increased
number of osteoclasts and enlarged resorption cavities in histomorphometric studies in
prolonged immobilized subjects [10, 12, 13]. A considerable imbalance between bone
formation and resorption induced by abrupt decline of ovarian production of estrogen in
post-menopausal women represents another primary cause of the condition of osteoporosis
[14]. Women over 50 years of age have also been reported as the most sedentary group of
the adult populations [15]. Lack of mechanical stress and physical loading deteriorates bone
integrity as exercise was proved to be beneficial to preserve bone mineral density (BMD)
and prevent bone loss conditions [16, 17]. The two risk factors above expose elderly female
to greater risk of osteoporosis and fractures. Therefore, It is highly clinically relevant to
examine the severe osteoporosis condition due to estrogen deficiency accompanied by
concurrent mechanical unloading where more rapid and devastating bone mass deterioration
is present, in conditions such as post-menopausal women who are confined to bed after the
onset of stroke or accidents [10, 18] and a better understanding of the interactions of the two
risk factors may help lead to a better prevention and treatment of the disease.

Sclerostin, an osteocyte-expressed glycoprotein encoded by SOST gene, acts as a negative
regulator of bone formation by antagonizing Wnt/p catenin signaling [2, 19-22]. Both
extended immobilization and condition of post-menopause has been related to an increase of
sclerostin serum levels [10, 22, 23]. Patients with homozygous inactivation mutation of
SOST gene develops sclerosteosis, a rare genetic disorder characterized by undetectable
level of serum sclerostin, very high bone mass phenotype and nerve entrapment due to
excessive bone formation. Individuals with heterozygous carriers for the mutation had
increased bone mineral density and lower risk of fractures. This discovery has led to the
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hypothesis that sclerostin neutralizing agents might mimic the heterozygous carrier
condition and be efficacious in reversing bone loss in osteoporosis [24-26]. Targeted
deletion of SOST gene in mice resulted in increased bone formation, bone mass and bone
strength whereas overexpression of SOST leads to an osteoporotic phenotype in mice [11,
19, 21, 27].

It has been the emphasis of multiple recent studies to target Wnt/p catenin signaling pathway
to promote bone formation [11, 19, 28]. Using monoclonal antibody to inhibit sclerostin
seems to be a very promising strategy in that SOST is almost exclusively expressed in
osteocytes [29, 30]. Sclerostin- neutralizing monoclonal antibodies (Scl-Ab) has been tested
in disuse-induced and OV X-induced osteoporosis animal models. In a right hind-limb-
immobilization female rat model, histomorphometric data showed that Scl-Ab mediated
blockade of sclerostin dramatically enhanced bone formation with an increased bone mass
and reduced bone resorption [31]. In an aged OV X female rat model simulating
postmenopausal osteoporosis, twice per week subcutaneous Scl-Ab injection at 25mg/kg
was administered for 5 weeks. Micro-CT and histomorphometry data exhibited significant
increases in bone formation and bone mass comparing to the placebo groups. These changes
together with improved stiffness and maximum load data obtained from destructive four-
point bending tests indicate an improved skeletal strength [2].

All the evidences above consolidate the notion that Scl-Ab -mediated blockade of sclerostin
represents a promising therapeutic approach for the treatment of osteoporosis induced by
either immobilization or post-menopause. However, little is known about the effect of
prolonged and severe osteopenia in bone loss induced by concurrent mechanical unloading
and OV X. The efficacy of Scl-Ab in rats suffered from severe osteoporosis with presence of
both prolonged immobilization and estrogen deficiency is yet to be determined. The aim of
the study is to evaluate the effect of Scl-Ab in a severe progressive bone loss from combined
estrogen deficiency and functional immaobilization, such as under OV X with concurrent
hindlimb suspension disuse in a rat model. Bone volume fraction, mechanical strength, bone
formation rate, and plasma formation/resorption markers in such severe osteopenia and
osteoporosis conditions were examined.

Materials and Methods

Animals

All experimental procedures with the described animal models were approved by the
Institutional Animal Care and Use Committee (IACUC) at Stony Brook University.

Seventy-seven 4-month-old female Sprague-Dawley rats (Charles River, Wilmington, MA)
weighing an average of 327+35g were purchased at 4-month of age and housed individually
in a temperature-controlled animal facility with a 12:12 hour light:dark cycle at Stony Brook
University. They were allowed free access to chow diet and water. Thirty-three rats that had
undergone ovariectomy surgery and forty-four rats that had undergone sham surgery (Sham)
10 days before the arrival were subject to either functional disuse or free ambulance after 2
days of acclamation. Functional disuse was induced by HLS where the immobilization was
realized by a tail harness device attached to tail that had been cleaned with 70% isopropanol
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and briefly coated with benzoin. The other end of the harness was attached to a swivel
apparatus that was suspended from the roof of the cage. Due to an approximate 30° head-
down tilt, the hind-limbs of the animals were prevented from touching the ground of the
cage at all time during the experiment, while free ambulance of forelimbs was allowed [32,
33]. All animals were checked twice a day to monitor their health conditions and their
weights throughout the study.

Scl-Ab treatment

The animals were divided into 7 groups with n=11 per group: (1) Sham+Veh, (2) Sham
+HLS+Veh, (3) Sham+HLS+Scl-Ab, (4) OVX+Veh, (5) OVX+Scl-Ab, (6) OVX+HLS+Veh,
(7) OVX+HLS+Scl-Ab. Group 1, 2, 4 and 6 were injected with Phosphate-Buffered Saline
(PBS) subcutaneously twice per week for 5 weeks while Group 3,5 and 7 were injected with
a sclerostin monoclonal antibody (Scl-Ab; Amgen, Thousand Oak, CA, USA) at 25mg/kg at
the same frequency and duration [34, 35]. The treatment of either vehicle or Scl-Ab started
at the time that is approximately 2 weeks after sham or OV X surgery. The antibody was
shipped to Stony Brook University on dry ice from Amgen and stored in =80 °C until
thawed for making injection solution.

MCT analysis

After five weeks of study, animals under isoflurane anesthesia were euthanized via cervical
dislocation to ensure rapid euthanasia. Both right and left hind-limbs of rats from all the
groups were harvested and preserved in 70% EtOH at =20 °C. A high resolution uCT
scanner (UCT-40, SCANCO Medical AG, Bassersdorf, Switzerland) was adopted for
scanning distal portion of right femurs with a spatial resolution of 15 um and a specific
Gaussian sigma, support and lower threshold of 0.5, 1 and 330 for defining analyzed objects
and image smoothing purpose. One 750 um region of trabecular bone that was 300 pm
proximal to the epiphyseal plate of distal femur was chosen as the area of interest. Bone
volume fraction (BV/TV, given as %), trabecular thickness (Th.Th, mm) and structure model
index (SMI) were evaluated for the trabecular region.

Mechanical Testing

Mechanical testing was performed by 4-point bending on the mid-shaft of right femur,
which produces stress between two upper loading points while the lower two points serve as
support. Servo hydraulic MTS 858 Mini Bionix frame (MTS Systems, Eden Prairie, MN,
USA) was adopted to perform the bending. Specimens were placed on the frame
horizontally with mid-shaft of the diaphysis facing to the notch in the same position and
orientation in order to minimize the variation. The rate of displacement was set to be
Imm/min with a preload of 1 N and the bending was imposed on specimen continuously
until fracture occurred [36]. The maximal load and the curve of load-displacement were
monitored. Based on the load-displacement curve plotted, the maximum bending force
applied until fracture was recorded as ultimate force (N) and slope of the linear portion that
represents material elasticity was used to calculate stiffness (kN/mm) [37].
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Histomorphometry

All rats were subject to two subcutaneous calcein (Sigma-Aldrich Inc., St.Louis, MO, USA)
injections at 15mg/kg 3 days and 13 days before euthanasia. After uCT scanning and 4 point
bending, the distal portions of right femurs were cut against fractures made by mechanical
test and subsequently dissected into two equal-size halves along the sagittal plane by using
low speed diamond wheel saw (South Bay Technology, Inc., San Clemente, CA, USA). The
lateral sides of distal femurs were saved for future studies while the medial sides were
dehydrated with isopropanol and used for histomorphometry. The samples were then
infiltrated and embedded with a mixture of methyl methacrylate, di-butyl phthalate and
benzoyl peroxide. After the media were cured, longitudinal slices were sectioned to 5 pm
using a Leica 2165 microtome (Leica, Wetzlar, Germany). The region of interest
encompasses the trabecular area that was scanned by uCT system earlier. A section area of
approximately 0.6 mm? at metaphyseal area of the bone was examined by using the
Osteomeasure software (OsteoMetrics Inc., Decatur, GA, USA) to trace the calcein label in
the trabecular bone under fluorescent microscope. Histomorphometric bone volume fraction
(aBVITV, %), trabecular thickness (aTh.Th, pm), mineralizing surface/bone surface (MS/BS,
%), mineral apposition rate (MAR, um/day) and bone formation rate (BRF/BS, um3/um2/yr)
were evaluated.

ELISA analysis of resorption marker

Blood samples were obtained from the caudal vein of animals under anesthesia at week 5
during sacrifice for tartrate-resistant acid phosphatase 5b (TRACP 5b) testing. All the
samples were kept in 1.5ml Eppendorf tubes that had been pre-washed with heparin. Plasma
samples were obtained by centrifuging the blood samples at a speed of 3000rpm at 4°C.
Plasma aliquots were then stored at —80°C. Plasma bone turnover marker (BTM) level of
TRACP 5b were examined and quantified by adopting immunological assay (IDS Inc.,
Scottsdale, AZ). All testing was performed according to manufacturer’s protocols.

Statistical analysis

Results
uCT

All the results were reported as mean+SD for all of the analysis. uCT, histomorphometry
and bone turnover marker data were all evaluated by using GraphPad Prism software
(\Version 5.01, GraphPad Software Inc., San Diego, CA, USA). One-way analysis of
variance (ANOVA) with Tukey’s pairwise multiple comparison tests were performed on all
data from the distal femur metaphysis. The level of significant differences between two
groups was identified by using a p value of less than 0.05.

As shown in Figure 1a and 1b, uCT analysis of the metaphyseal region of distal femur
revealed 5 weeks of mechanical unloading alone resulted in 29% loss in trabecular bone
volume compared to sham control. Vehicle-treated OV X rats had a significant 71% decrease
in BV/TV. OV X rats with concurrent HLS resulted in an even greater bone loss of 87%,
representing a severe bone loss condition. Scl-Ab treatment showed a counteractive effect on
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bone mass loss. Scl-Ab treatment was associated with significantly greater BV/TV with an
increase of 111% and 229% in HLS and OV X rats compared with respective control. Even
greater increase in BV/TV (297%) was found in OVX + HLS group (Figure. 1b), likely due
to extremely low BV/TV in vehicle-treated OVX + HLS rats. Th.Th did not change
significantly in rats with either HLS alone or OV X alone, however, rats with concurrent
OVX and HLS showed a significant decrease of Th.Th (-26%) (Figure. 1c). Scl-Ab
administration significantly improved Th.Th to similar extent in HLS, OVX and OVX+HLS
rats compared with respective vehicle control (88%, 87% and 97% respectively). Structure
model index (SMI) (Figure. 1d) was significantly greater in HLS alone group, OVX alone
group as well as OVX+HLS group (+73%, +129% and +184%, respectively) compared with
sham control. In rats treated with Scl-Ab, SMI was significantly lower (-396%, —159% and
-46%) in all three conditions compared with respective controls.

Mechanical Testing

Four-point bending test demonstrated that HLS alone or OVX+HLS were associated with
significantly lower stiffness as compared with Sham controls (—23% and —29% respectively)
(Figure. 2a). In Scl-Ab treated groups, stiffness was significantly greater in all 3 conditions
(+31%, +32% and +57%, respectively) compared with respective controls. Ultimate load
was not significantly lower in HLS, OV X or OV X plus HLS as compared with Sham
controls, but it was significantly greater in Scl-Ab-treated HLS or OV X rats as compared
with respective vehicle controls and sham group (Figure. 2b).

Histomorphometry

Figure. 3f shows the representative images of calcein labeled trabecular bone. The data of
histomorphometric analysis of distal femoral metaphysis trabecular bone is presented in
Figure. 3a—3e. OV X alone had significant decrease of BV/TV at =36% in comparison to
sham control. HLS plus OV X showed greater bone loss (-71%) than HLS alone and OV X
alone. Scl-Ab treatment significantly preserved bone mass in all three conditions. Similar
trend was observed in Tb.Th. These results are generally consistent with uCT analysis.
MS/BS was significantly greater in three Scl-Ab treated groups compared with respective
controls. MAR and BFR/BS were significantly greater in Scl-Ab treated OV X rats with or
without HLS compared with respective controls.

ELISA analysis of resorption marker

Bone turnover marker levels normalized to age match control are shown as percentage
difference in Figure. 4. At the end of the study, plasma TRACP 5b level in the Sham+HLS
+Scl-Ab rats were significantly reduced relative to that in the corresponding Sham+HLS
+Veh rats. TRACP 5b level in OV X+Veh rats showed a decreasing trend as compared with
that in the age-match control rats. Scl-Ab treatment in OVX animals failed to recover this
trend. TRACP 5b level in OVX+HLS+Veh rats at sacrifice was at similar level relative to
that in the age-match control animals, while administration of Scl-Ab in OVX+HLS rats
maintained this trend.
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Discussion

We used concurrent mechanical unloading in addition to OV X to study the effect of severe
bone loss. The HLS animals and OV X animals used in this study developed substantial bone
loss condition. Remarkably, the HLS+OVX animals were significantly more osteoporotic
resulting from the additive effect of concurrent mechanical unloading and ovariectomy with
87% of bone loss compared to age-match control group. In this study, Scl-Ab is proposed as
a therapeutic bone anabolic agent for treatment of bone loss based on its effectiveness in
previous bone loss animal studies and human clinical trials [31, 38]. Beyond the fact that our
data indicated that short-term administration (5-week) of Scl-Ab resulted in complete
reversal of the bone loss condition induced by prolonged mechanical unloading or OVX
surgery, bone mass and mechanical parameters were further increased to levels greater than
age-match controls as also evidenced in previous studies [2]. Whereas in the severe
osteoporosis model introduced by concurrent mechanical immobilization and deficiency of
estrogen, Scl-Ab was able to partially mitigate the deterioration of trabecular bone
architecture and morphology as well as maintain mechanical robustness. SMI, which
measures trabecular concavity, serves as an indirect method to provide indication of plate- or
rod-like trabecular bone microstructure and an important predictor of fracture [39]. The SMI
value usually ranged from 0 to 3, where 0 stands for an ideal plate structure while 3 stands
for and ideal rod structure. Values between 0 and 3 corresponds to trabecular structures with
different ratios of rod and plate structure [40]. The data of SMI strongly suggested that by
HLS alone, OV X alone or HLS+OVX, geometry of trabeculae shift towards a more rod-like
structure, while subcutaneous injection of Scl-Ab totally reversed the trend in HLS alone
group and OV X alone group. HLS+Scl-Ab showed an even more significant plate-like
geometry compared to the age-match control group, suggesting a less vulnerability to
fractures. In the OVX+HLS induced severe osteoporosis, Scl-Ab moderately alleviated the
condition by shifting the trabeculae towards a more plate-like geometry.

In addition to the diminished bone volume fraction and trabecular thickness in the severe
osteoporosis scenario, OVX + HLS rats also had a jeopardized mechanical property, such as
lower stiffness and ultimate load, which might be accounted by the thinning of cortical shell
and reduced cortical bone volume (data not shown). The considerable improvement of the
related parameters by short term administration of Scl-Ab to OVX+HLS rats could be
rendered noticeable gain in whole bone strength at femoral diaphysis. This finding is
divergent from previous study by Tian et. al, who stated that the lag of cortical response is
hard to overcome by a short term treatment of Scl-Ab for 4 weeks after they found
insignificant cortical histomorphometry response. In depth morphological and structural
cortical bone studies will be needed to further characterize the tissue level changes of
cortical bone and provide an explanation for the changes of the mechanical property changes
seen in both untreated and Scl-Ab treated animals.

Histomorphometric analysis showed that 2D bone volume fraction as well as 2D trabecular
thickness changed in parallel with pCT results. Trabecular bone volume and trabecular bone
thickness were dramatically decreased in severe osteoporosis model. Scl-Ab treatment in
severe osteoporosis scenario significantly mitigated bone mass loss condition and totally
reversed the bone thinning by surpassing the original Th.Th level. Similar to previous rat
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studies [2, 41], Scl-Ab treated groups showed significant increase in key bone formation
indices (MS/BS, MAR and BFR/BS) as compared to respective control. The observed
increases in MS/BS suggest that sclerostin neutralizing resulted in a more robust bone
mineralizing activity on trabecular surface. BFR/BS is significantly elevated in HLS or OVX
treated with Scl-Ab whereas HLS+OV X treated with Scl-Ab shares a similar trend. Not
surprisingly, in parallel with the robust bone morphologic parameters, BFR/BS in Scl-Ab
treated animals is significantly elevated as compared to respective control, indicating an
active bone matrix mineral deposition and osteoblast activity. In previous studies, compared
to the consistent effect of Scl-Ab on osteoblast activities, the effect of Scl-Ab on bone
resorption remains inconsistent (Ke, et al., Endocrine Review, 2012).

TRACP 5b, mainly produced by osteoclast and abundant in osteoclast cytoplasm [42], is
well known as a bone resorption marker. In our present study, with 5 weeks administration
of Scl-Ab, the plasma TRACP 5b value significantly decreased in Sham+HLS rats,
indicating Scl-Ab preserved bone volume via both pro-anabolic and anti-catabolic responses
in mechanical unloaded rats. This result is supported by previous studies, where Shahnazari,
et al. showed that Scl-Ab maintained the bone osteoclast surface while reduced serum
concentration of TRACP 5b in mechanically unloaded animals [11]. There was no
significant change of TRACP 5b value in OV X alone animals regardless of the treatment. As
the plasma TRACP 5b levels is basically a reflection of osteoclast numbers rather than
osteoclast activity [43, 44], the insignificant decrease of TRACP 5b in OV X+Veh rats is
thought to be due to the significant loss of bone volume as evidenced in micro CT and
histomorphometry. In a similar long term study of Scl-Ab using OVX model, Li X et al.
observed that in OV X animals, the TRACP 5b level had a decreasing trend as compared with
Sham controls at week 6 [45]. In the OVX+HLS+Veh animals, TRACP 5b level showed a
slight decrease as compared to age-match control rats. This result was supported by an
earlier study using the combination of OV X and concurrent mechanical unloading via sciatic
neurectomy [46], in which Sun et al. observed a significantly lower serum TRACP 5b level
at week 2 following OV X surgery as compared with control group. However by week 4, the
TRACP 5b level trended back to normal control level, which is thought to be correlated with
the non-persistent bone loss profiles between Week 2 and 4 [47]. Interestingly, Scl-Ab
administration for 5 weeks in OVX+HLS rats did not exert significant changes on TRACP
5b level, indicating the osteoclast number was not increased despite the significant increase
in BV/TV as evidenced by micro CT and histomorphometry data, which may imply the role
of Scl-Ab in inhibiting osteoclast activity by suppressing osteoclast number in concurrent
mechanical unloading and estrogen deficient rat model. Histomorphometry analysis of total
number of osteoclasts by TRAP staining will be needed in the future to further verify this
hypothesis. It is also possible that Scl-Ab may regulate osteoclast activities due to its ability
to antagonize sclerostin, which has been reported to be able to increase osteoclast
recruitment and activity [48, 49].

The mechanism of action and regulation of sclerostin as a negative regulator of bone
formation is yet to be fully understood [50]. It is currently believed that sclerostin, an
osteocytes exclusive glycoprotein, blocks the activation of Wnt signaling pathway by
binding to low-density lipoprotein receptor-related proteins 5 and 6 (LRP5 and LRP6) that
mediate the regulation of Wnt signaling [20, 51], which in turn interferes the Wnt signaling
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by antagonizing the survival and promotional effects on mesenchymal stem cells of the
osteoblastic lineage [22, 52, 53]. Numerous factors have been associated with SOST
expression by osteocytes as well as its serum level, among which bone mechanical loading is
suggested to be one crucial regulator. Osteocytes have been recently suggested to be the
proximate cell population that is responsible for mechanotransduction as targeted ablation of
osteocytes resulted in osteoporosis with mechanotransduction dysfunction [47]. Absence of
mechanical loading by immobilization results in higher SOST levels and down regulation of
Whnt signaling, thus directly links to disuse osteoporosis. Sex steroid hormone, especially
estrogen, is another important relevant regulator of SOST level. Post-menopausal women
have higher serum sclerostin level compared to pre-menopausal women. In post-menopausal
women, sclerostin level is inversely related to the free estrogen index (FEI), which suggests
that sclerostin level is directly suppressed by estrogens [54, 55]. However mechanism of the
regulation and a complete characterization of the pathway are still under continuous study.

In summary, this 5-week study demonstrated that both lack of mechanical stimulation and
OVX resulted in significant bone loss in metaphyseal region and weakened mechanical
properties in mid-shaft of the femur whereas OV X with concurrent mechanical unloading
lead to more advanced trabecular microarchitecture deterioration as well as further
compromised mechanical properties. With short-term pharmacologic inhibition of sclerostin
by using neutralizing Scl-Ab, bone mass and strength were significantly improved and
normalized to or beyond age-match control level. Scl-Ab prevented trabecular bone loss in
HLS-induced, OVX-induced as well as HLS+OVX induced osteoporosis. These results
suggest that monoclonal sclerostin-neutralizing antibody represents a promising anabolic
therapeutic approach for severe osteoporosis induced by estrogen deficiency with concurrent
mechanical unloading. Potential application of the agent may have a great impact on elderly
female population with reduced physical activities.
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Highlights
We used novel concurrent mechanical unloading in addition to OV X to

characterize the effect of severe bone loss condition.

Our study is highly clinical relevant and associated closely with post-menopause
cohorts who are mechanically immobilized due to diseases or accidents.

HLS+OVX animals were significantly more osteoporotic resulting from the
additive effect of concurrent mechanical unloading and ovariectomy.

With short-term inhibition of sclerostin by using Scl-Ab, bone mass and strength
were significantly improved and normalized to or beyond age-match control
level.

Scl-Ab prevented trabecular bone loss in HLS-induced, OV X-induced as well as
HLS+OVX induced osteoporosis.
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Figure 1.
a) UCT reconstruction images of trabecular area of distal femur of rats. b) Graphs show

mean+SD values for bone volume fraction (BV/TV, %). ¢) Mean+SD values for trabecular
thickness (Tb.Th, um). d) Mean+SD values for SMI. *p<0.05 vs. Sham+Veh; "p<0.05 vs.
Sham+HLS+Veh; #p<0.05 vs. OVX+Veh; &p<0.05 vs. OVX+HLS+Veh.
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a) Mean+SD values for 4-point bending stiffness. b) Mean+SD values for 4-point bending
ultimate load. "p<0.05 vs. Sham+Veh; "p<0.05 vs. Sham+HLS+Veh; #p<0.05 vs. OVX

+Veh; &p<0.05 vs. OVX+HLS+Veh.
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Mean+SD of histomorphometric analysis of distal femoral metaphysis trabecular bone.
Graphs a)-e) shows Mean+SD values for 2D bone volume fraction (aBV/TV, %), 2D
trabecular thickness (Th.Th, pm), mineral surface (MS/BS, %), mineral apposition rate
(MAR, um/day) and bone formation rate (BFR/BS, um3/ umz2/day). f) Representative
images of calcein labeled trabecular bone histomorphometry in distal region of

femur. "p<0.05 vs. Sham+Veh; "p<0.05 vs. Sham+HLS+Veh; #p<0.05 vs. OVX

+Veh; &p<0.05 vs. OVX+HLS+Veh.
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