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Abstract

Background One of the strongest predictors for osteo-
porosis is peak bone mass. Interventions to augment peak
bone mass have yet to be developed. B-Ecdysone (BEcd), a
natural steroid-like compound produced by arthropods to
initiate metamorphosis, is believed to have androgenic ef-
fects and so may be used to augment bone mass.
Questions/purposes The purpose of this study was to use
both male and female (1) gonadal-sufficient; and (2) -insuffi-
cient mice to investigate sex differences in terms of bone
development and structure after BEcd administration.

Two of the authors (WD, HZ) contributed equally to this manuscript.
This work was funded by a National Institutes of Health grant ROl
AR061366 (WY), 1PSOAR063043 (NEL), K24 AR048841 (NEL),
and the endowed chair for aging at UC Davis (NEL).

All ICMIJE Contlict of Interest Forms for authors and Clinical
Orthopaedics and Related Research™ editors and board members are
on file with the publication and can be viewed on request.

Clinical Orthopaedics and Related Research®™ neither advocates nor
endorses the use of any treatment, drug, or device. Readers are
encouraged to always seek additional information, including FDA-
approval status, of any drug or device prior to clinical use.

Each author certifies that his or her institution approved the animal
protocol for this investigation and that all investigations were
conducted in conformity with ethical principles of research.

This work was performed at the UC Davis Medical Center,
Sacramento, CA, USA.

W. Dai

Department of Science and Technology, Integrative Medicine
Discipline, Longhua Hospital Shanghai University of Traditional
Chinese Medicine, Shanghai, PR China

W. Dai, H. Zhang, Z. A. Zhong, L. Jiang, H. Chen,

Y.-A. E. Lay, A. Kot, N. E. Lane, W. Yao (IX)

Center for Musculoskeletal Health, Internal Medicine,
University of California at Davis Medical Center, 4800 2nd
Avenue, Suite 2004, Sacramento, CA 95817, USA

e-mail: Yao@ucdavis.edu; wei.yao@ucdmc.ucdavis.edu

Methods Two-month-old male and female Swiss-Web-
ster mice were randomized to receive either vehicle or
BEcd (0.5 mg/kg) for 3 weeks. In a separate experiment to
evaluate the effects of BEcd on sex hormone-deficient
mice, gonadectomy was performed in male (orchiectomy
[ORX]) and female mice (ovariectomy [OVX]). Sham-
operated and the ORX/OVX mice were then treated for
3 weeks with BEcd. Primary endpoints for the study were
trabecular bone structure and bone strength.

Results In male mice, the trabecular bone volume was
0.18 £ 0.02 in the placebo-treated (PL) and 0.23 £ 0.02 in
the PEcd-treated group (p <0.05 versus PL); and
0.09 £ 0.01 in the ORX group (p < 0.05 versus PL) and
0.12 £ 0.01 in the ORX + BEcd group. Vertebral bone
strength (maximum load) was 43 & 2 in PL and 51 & 1 in
the BEcd-treated group (p < 0.05 versus PL); and 30 £ 4
in the ORX group (p < 0.05 versus PL) and 37 + 3 in the
ORX + BEcd group. In female mice, trabecular bone
volume was 0.23 4+ 0.02 in PL and 0.26 £ 0.02 in the
BEcd-treated group (p < 0.05 versus PL); and 0.15 + 0.01
in the OVX group (p < 0.05 versus PL) and 0.14 &+ 0.01 in
the OVX + BEcd group. Maximum load of the vertebrae
was 45 + 2 in PL and 48 + 4 in the BEcd-treated group;
and 39 £ 4 in the OVX group (p < 0.05 versus PL) and
44 £+ 4 in the OVX + BEcd group.
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Conclusions These findings suggest the potential use of
BEcd in the augmentation of bone mass in growing male
and female mice. It may also partially prevent the detri-
mental effects of gonadectomy on trabecular bone.
Clinical Relevance Our results support the potential use
of BEcd or nature products that are rich in BEcd to augment
peak bone mass. BEcd may differ from the other anabolic
hormone treatments that may have severe side effects such
as serious cardiac complications. However, its effects on
humans remain to be determined.

Introduction

Peak bone mass (PBM) is defined as the maximum amount
of bone tissue that is presented at the end of skeletal
maturation. PBM is dependent on the rate of bone growth,
which is highest during infancy and the pubertal growth
period. Adolescence is a particularly critical period of bone
acquisition, because the rate of bone growth nearly doubles
that of the earlier years, and approximately 40% of the new
adolescent bone comes from periosteal expansion. At the
end of puberty, the epiphyseal growth plates fuse and linear
bone growth ends. However, bone growth continues at the
endocortical and trabecular bone surfaces and 90% to 95%
of the PBM is acquired by 20 years of age [22]. Epi-
demiological studies have shown that males have higher
PBM than females, which may delay the osteoporosis de-
velopment in males until their eighth decade of life [2, 5,
16]. Although sex differences in PBM are largely predis-
posed by genetic determinants in rodents [31] and humans
[32], increased physical activities during the prepubertal
period may alter PBM. In boys, regular exercise is asso-
ciated with higher bone mineral density assessed at the
spine, femoral neck, and total body, whereas in girls, bone
mineral density is associated more with winter sunlight
exposure [23]. Although weightbearing exercise and the
intake of calcium and vitamin D intake through diet and
supplements during puberty have a modest impact on the
augmentation of PBM [6, 11, 29, 39], interventions with
greater efficacy have yet to be developed.

During puberty, serum estrogen levels increase in fe-
males. Estrogen has a number of effects on bone cell activity
including periosteal apposition inhibition, endosteal bone
resorption, and chondrocyte remodeling. These effects result
in epiphyseal closure and attenuate periosteal expansion
[10]. During puberty in males, serum levels of estrogen also
increase, resulting in periosteal expansion through estrogen
receptor o, whereas androgen acts on osteoblasts and os-
teocytes through androgen receptor to increase trabecular
bone formation [27]. Hormones largely regulate skeleton
development, but the direct use of hormones in the growing
skeleton is limited as a result of their negative effects such as
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tumorigenesis in the reproductive system [26, 33]. Addi-
tionally, there are other pitfalls associated with using
anabolic hormones in adults such as severe cardiac and other
complications [28, 34]. Therefore, we chose to investigate
naturally derived products to increase PBM.

One of these naturally derived products is B-Ecdysone
(BEcd), which is produced by arthropods to initiate meta-
morphosis, the so-called molting process [36]. A number of
plants produce ecdysteroids that protect them from herbi-
vores [14, 15]. Achyranthes root (Niu xi) is one of the
Chinese medicinal herbs often used to treat low back pain,
circulatory disorders, and aging [4, 8, 17]. Achyranthes
extracts are highly rich in BEcd [7]. The latter is reported to
stimulate muscular growth in rodents [3, 9, 18] and in-
crease the growth plate width in estrogen-deficient rats
[24].

The purpose of this study was to use both male and
female (1) gonadal-sufficient; and (2) insufficient mice to
investigate sex differences in terms of bone development
and structure after fEcd administration.

Materials and Methods
Animals and Experimental Procedures

Two-month-old male and female Swiss-Webster mice were
purchased from Jackson Laboratory and housed in the vi-
varium in UC Davis Medical Center. The mice were
randomized into groups with eight to 11 per group: Group
1, male controls treated with phosphate-buffered saline
(vehicle; Male); Group 2, males treated with BEcd
(Male + BEcd 0.5 mg/kg, Sx/week); Group 3, female
controls treated with phosphate-buffered saline (vehicle;
Female); Group 4, females treated with PBEcd (Fe-
male 4+ BEcd 0.5 mg/kg, 5Sx/week). The B-Ecd dose was
chosen from a pilot dose-response study we performed on
male mice with doses of 0.25 to 1 mg/kg [12].

The mice were euthanized after 3 weeks of treatment at
3 months of age. All of the mice were maintained on com-
mercial rodent chow (22/5 Rodent Diet; Teklad, Madison, W1,
USA) ad libitum with 0.95% calcium and 0.67% phosphate.
The mice were housed in a room that was maintained at 20 °C
with a 12-hour light/dark cycle. In a separate experiment to
evaluate the effects of BEcd on sex hormone-deficient mice, a
gonadectomy was performed in male (orchiectomy [ORX])
and female (ovariectomy [OVX]) mice. Sham-operated and
the ORX/OVX mice were then treated with BEcd 0.5 mg/kg,
Sx/week for 3 weeks. BEcd was purchased from Sigma
Aldrich (molecular weight = 480.6, with purity > 98%).
Calcein (Sigma Aldrich, St Louis, MO, USA) was injected at
20 mg/kg to all mice 7 and 2 days before euthanasia, respec-
tively. All animals were treated according to the USDA animal
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care guidelines with the approval of the UC Davis Committee
on Animal Research.

Micro-CT Measurements of Bone Architecture and
Mineral Density of Bone Tissue

The fifth lumbar vertebrac were scanned and measured
using the VivaCT 40 (Scanco Medical AG, Bassersdorf,
Switzerland) at an energy level of 70 KeV and intensity of
145 pA with a voxel resolution of 10 pm in all three spatial
dimensions. The entire lumbar vertebra was scanned and
the trabecular bone juxtaposed to both the cranial and
caudal growth plates and the cortex was evaluated. The
gray-scale images were segmented using a constrained
three-dimensional Gaussian filter (sigma, 0.8; support, 1.0;
fixed threshold of 240) to extract the structure of the
mineralized tissue to obtain trabecular bone volume and
thickness [25, 42]. For the right midfemur, the scanning
was performed at the middle femur continuing proximally
1 mm. All the slices were used to evaluate cortical bone
volume and cortical bone thickness [19, 45, 46].

Biochemical Methods

Serum levels for bone turnover markers, osteoprotegerin, os-
teocalcin, and Dkk1 were measured using a luminex multiplex
bone panel assay (EMD Millipore, Billerica, MA, USA) and
serum CTX-1 was measured by enzyme-linked immunosorbent
assay (Immunodiagnostic Systems Inc, Gaithersburg, MD,
USA) following the manufacturer’s instructions.

Cryostat Section for Bone Formation Measurements

The first and second lumbar vertebrae were used for
cryostat sectioning. The samples were fixed in fresh 4%
paraformaldehyde on ice for 4 hours and then transferred to
30% sucrose overnight. The sections (8 pum) were obtained
using a Leica microtome coupled with a tape transfer
system (Leica Microsystems Inc, Buffalo Grove, IL, USA).
The middle right femurs were embedded in methyl
methacrylate and sectioned to 30 um using a Leica SP1600
microtome (Leica Microsystems Inc). Bone histomor-
phometry was performed using the Bioquant imaging
analysis system (Bioquant Image Analysis Corporation,
Nashville, TN, USA) [19, 45, 46]. Lumbar vertebral sam-
ples from all groups and only FX from the intact groups
were evaluated for bone histomorphometry. Bone histo-
morphometry was not performed for the cortical bone from
the ORX and OVX + BEcd treatment groups as a result of
the lack of structural and bone strength changes measured
by micro-CT and mechanical testing.

Biomechanical Testing

The lumbar vertebral compression and the left femurs
three-point bending tests were performed using an MTS
831 electro-servo-hydraulic testing system (MTS Systems
Corp, Eden Prairie, MN, USA) at a displacement rate of
0.01 mm/s with a 90-N load cell. Values for the maximum
load were determined. A measure of work to failure was
estimated by calculating the area under the load versus
displacement curve [19, 37, 44, 45].

Statistical Methods

Sample size calculation was estimated from our published
data on glucocorticoid-induced (GC) bone loss using tra-
becular bone volume as our primary endpoint. Mean
trabecular bone volume for the placebo-treated (PL) group
was 12%, in GC was 10%, and sigma was 2%. The ef-
fective sample size to have 80% power and alpha 0.05 was
eight animals per group. Means and SDs were calculated
for all parameters from all groups. Two-way analysis of
variance was used to investigate the main effects of sex,
treatments, and their interactions. Bonferroni post hoc tests
were used to make comparisons between the groups (SPSS
Version 18; SPSS Inc, Chicago, IL, USA; GraphPad Prism,
La Jolla, CA, USA). p < 0.05 was considered significant.

Results

Does BEcd Treatment Affect Overall Well-being of the
Mice?

Male mice weighed 31 g at the beginning (Day 0) of the
study and were 36 g at the end (p < 0.05 from Day 0)
when they were 11 weeks of age. Baseline body weight for
the female mice was 25 g and they weighed 28 g at
11 weeks. ORXed mice did not gain body weight over the
study period, whereas OVXed mice’s body weights in-
creased from 25 g to 29 g and was similar to the sham-
operated mice. PEcd treatment did not alter body mass
changes in the male or female mice (Table 1).

Does BEcd Treatment Affect Bone Turnover and Bone
Structures?

Serum Bone Turnover Marker Changes

In male mice, serum osteocalcin was 5.1 & 1.6 in PL and

6.5 £ 1.5 in BEcd-treated group; and 13 + 1.4 in the ORX
group (p < 0.05 versus PL) and 15 £ 1.2 in the ORX +
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BEcd group. Serum CTX-1 did not change among the
groups. In female mice, serum osteocalcin was 12 & 2.6 in
PL and 12 + 1.5 in the BEcd-treated group; and 14 + 3.1
in the OVX group and 14 £+ 1.2 in the OVX + BEcd
group. Serum CTX-1 was 19 £ 3.4 in PL and 16 £ 3.0 in
the BEcd-treated group; and 24 £ 1.6 in the OVX group
(p < 0.05 versus PL) and 20 + 2.3 in the OVX + BEcd
group (p < 0.05 versus OVX) (Table 2).

Effects of fEcd on Trabecular Bone Formation and
Resorption

In male mice, the mineralizing surface was 24 £ 6.9 in PL
and 33 £ 1.1 in the BEcd-treated group (p < 0.05 versus
PL); and 26 + 4.1 in the ORX group and 28 + 4.3 in the
ORX + BEcd group. In female mice, MS/BS did not
change among the groups.

In male mice, the surface-based bone formation rate was
0.45 + 0.1 in PL and 0.61 + 0.2 in the BEcd-treated group

Table 1. Body weight changes (mean £ SD)

Treatment groups Day 0/8 weeks Day 21/ 11 weeks

old (g) old (g)

Male

Male + vehicle 31+ 1.7 36 £ 1.0

Male + PB-ecdysone 32+13 36 £ 1.6

ORX + vehicle 31+ 1.2 31 £ 0.8*

ORX + B-ecdysone 31+ 1.3 30 £+ 0.9*
Female

Female + vehicle 25 + 047 28 +£ 0.5

Female + B-ecdysone 25+£03 28 £ 1.5

OVX + vehicle 25+03 29 £+ 0.8%

OVX + B-ecdysone 25 £ 0.7 29 £+ 0.9%

* p < 0.05 for ORX/OVX versus sham; Tp < 0.05 for sex difference;
ORX = orchiectomy; OVX = ovariectomy.

Table 2. Bone turnover changes (mean + SD)

(p < 0.05 versus PL); and 0.61 £ 0.2 in the ORX group
(p < 0.05 versus PL) and 0.69 £ 0.1 in the ORX + BEcd
group. In female mice, the BFR/BS was 0.64 4+ 0.2 in PL
and 0.86 £ 0.3 in the BEcd-treated group; and 0.66 + 0.2
in the OVX group and 0.82 £ 0.2 in the OVX + BEcd
group (p < 0.05 versus OVX) (Table 2).

The osteoclast surface did not change among the treat-
ment groups in male mice. Oc/BS was 0.57 £ 0.1 in PL
and 0.61 £ 0.1 in the BEcd-treated group; and 0.91 + 0.1
in the OVX group (p < 0.05 versus PL) and 0.78 £ 0.01 in
the OVX + BEcd group (p < 0.05 versus OVX) (Table 2).

Effects of PEcd on Trabecular Bone Structures

In male mice, the BV/TV was 0.18 & 0.02 in PL and
0.23 £ 0.02 in the PEcd-treated group (p < 0.05 versus
PL); and 0.09 & 0.01 in the ORX group (p < 0.05 versus
PL) and 0.12 + 0.01 in the ORX + BEcd group. In female
mice, BV/TV was 0.23 £ 0.02 in PL and 0.26 & 0.02 in
the PEcd-treated group (p <0.05 versus PL); and
0.15 £ 0.01 in the OVX group (p < 0.05 versus PL) and
0.14 & 0.01 in the OVX + BEcd group (Fig. 1).

Effects of PEcd on Cortical Bone Formation
in Gonadal-sufficient Mice

In male mice, bone formation at the periosteal bone surface
was 1.31 £ 0.1 in PL and 1.80 £ 0.3 in the BEcd-treated
group (p < 0.05 versus PL). In female mice, Ps-BFR was
1.1 £ 0.1 in PL and 1.7 & 0.2 in the BEcd-treated group
(p < 0.05 versus PL) (Fig. 2). In male mice, bone forma-
tion at the endocortical bone surface was 0.9 £ 0.1 in PL
and 2.6 £ 0.3 in the BEcd-treated group (p < 0.05 versus
PL). In female mice, Ec-BFR was 1.4 4+ 0.1 in PL and

Treatment groups Osteocalcin (pg/mL) CTX-1 (ng/mL) MS/BS (%) BFR/BS (pm3/um2/day) Oc/BS (number/mm)
Male
Male 51+ 1.6 23+ 1.7 24 +£ 6.9 0.45 £ 0.1 0.60 + 0.1
Male + B-ecdysone 65+ 15 21 £5.0 33 + 1.1% 0.61 + 0.2} 0.59 £ 0.1
ORX + vehicle 13 + 1.4* 26 £ 2.5 26 + 4.1 0.61 £+ 0.2* 0.66 £+ 0.1
ORX + B-Ecdysone 15 &£ 1.2* 25 £ 2.7 28 £ 4.3 0.69 £ 0.1 0.62 £ 0.1
Female
Female 12 £ 26 19 £ 34 26 + 4.8 0.64 &+ 0.2° 0.57 £ 0.1
Female + B-ecdysone 12415 16 &+ 3.0 35 £ 103 0.86 + 0.3 0.61 £ 0.1
OVX + vehicle 14 £ 3.1 24 £ 1.6% 29 +£ 8.3 0.66 + 0.2 091 £ 0.1*
OVX + B-ecdysone 14+£12 20 + 2.3 34 +9.1 0.82 £+ 0.2 0.78 + 0.0*

# p < 0.05 for ORX/OVX versus sham; 'p < 0.05 for sex difference; ¥p < 0.05 treatment effect within the same sex; MS/BS = mineralizing
surface; BFR/BS = surface-based bone formation rate; Oc/BS = osteoclast/bone surface; ORX = orchiectomy; OVX = ovariectomy.
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Fig. 1 BEcd treatment increases vertebral trabecular bone volume
and bone strength. Two-month-old male or female mice were treated
with BEcd for 21 days. Lumbar vertebral trabecular bone (LVB)

3.2 4+ 0.4 in the BEcd-treated group (p < 0.05 versus PL)
(Fig. 2).

Effects of PEcd on Cortical Bone Structure

In male mice, cortical bone volume was 0.80 + 0.02 in PL
and 0.88 % 0.03 in the BEcd-treated group (p < 0.05 ver-
sus PL); and 0.74 £ 0.02 in the ORX group (p < 0.05
versus PL) and 0.74 4+ 0.01 in the ORX + BEcd group
(p < 0.05 versus PL). In female mice, cortical BV was
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structure measured by micro-CT and bone strength was measured by
compression test. *p < 0.05 between indicated groups. M = male;
F = female.

0.66 £ 0.1 in PL and 0.79 £ 0.2 in the BEcd-treated group
(p < 0.05 versus PL); and 0.67 £ 0.01 in the OVX group
and 0.70 &+ 0.03 in the OVX + BEcd group.

In male mice, cortical bone thickness was
0.182 % 0.005 in PL and 0.204 + 0.06 in the BEcd-treated
group (p < 0.05 versus PL); and 0.173 &£ 0.005 in the
ORX group (p < 0.05 versus PL) and 0.173 4 0.003 in the
ORX + BEcd group (p < 0.05 versus PL). In female mice,
Ct.Th was 0.174 £ 0.005 in PL and 0.211 % 0.007 in the
BEcd-treated group (p < 0.05 versus PL); and 0.186 +
0.007 in the OVX group and 0.200 %+ 0.005 in the OVX +
BEcd group (Fig. 3).
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Fig. 2A-B BEcd treatment increases cortical bone formation. (A) Bone
formation rate measured at the periosteal and endocortical bone surfaces
by bone histomorphometry. (B) Representative cross-sectional cortical

Does BEcd Treatment Affect Bone Strength?
Effects of PEcd Treatment on Vertebral Bone Strength

In male mice, the vertebral maximum load was 43 & 2 in
PL and 51 % 1 in the BEcd-treated group (p < 0.05 versus
PL); and 30 £ 4 in the ORX group (p < 0.05 versus PL)
and 37 + 3 in the ORX + BEcd group (p < 0.05 versus
ORX). The vertebral work to failure was 22 4+ 1 in PL and
23 + 4 in the PEcd-treated group; and 11 + 3 in the ORX
group (p < 0.05 versus PL) and 15 £ 2 in the ORX +
BEcd group (p < 0.05 versus ORX) (Fig. 2).

In female mice, the maximum load of the vertebrae was
45 4+ 2 in PL and 48 + 4 in the BEcd-treated group; and
39 £4 in the OVX group (p <0.05 versus PL) and
44 £+ 4 in the OVX + BEcd group. The vertebral work to
failure was 20 £+ 1 in PL and 21 £ 4 in the BEcd-treated
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Male Male +3Ecd

Female

Female + 3Ecd

bone sections from the midfemurs in intact male and female mice that
were treated with BEcd for 21 days. *p < 0.05 between indicated
treatment groups. M = male; F = female. Scale bar = 100 micron.

group; and 17 £ 1 in the OVX group (p < 0.05 versus PL)
and 26 + 6 in the ORX + BEcd group (p < 0.05 versus
OVX) (Fig. 2).

Effects of BPEcd Treatment on Cortical Bone Strength

In male mice, the femoral maximum load was 13 £ 0.8 in
PL and 15 £ 0.3 in the PEcd-treated group (p < 0.05
versus PL); and 13 &+ 0.5 in the ORX group and 13 + 0.5
in the ORX + BEcd group. The femoral work to failure
was 2.5 + 0.2 in PL and 2.8 £ 0.3 in the PBEcd-treated
group (p < 0.05 versus PL); and 2.1 & 0.2 in the ORX
group and 2.4 £ 0.1 in the ORX + BEcd group (Fig. 3).
In female mice, the maximum load of the femurs was
11 £ 0.5 in PL and 12 £+ 0.5 in the BEcd-treated group
(p < 0.05 versus PL); and 12 £ 0.5 in the OVX group and
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Fig. 3 BEcd treatment increases cortical bone mass and bone strength. Middle femoral bone structure measured by micro-CT and bone strength
was measured by femoral three-point ending test. *p < 0.05 between indicated treatment groups. M = male; F = female.

13 £ 0.5 in the OVX + BEcd group. The femoral work to
failure was 2.0 £ 0.1 in PL and 2.6 & 0.1 in the BEcd-
treated group (p < 0.05 versus PL); and 2.2 4+ 0.2 in the
OVX group and 2.4 + 0.2 in the ORX + BEcd group
(Fig. 3).

Discussion

Treatment with BEcd increased both trabecular and cortical
bone volume and bone strength in both sexes through
anabolic mechanisms in gonadal-sufficient mice. In gonadal-
insufficient mice, trabecular bone loss was partially

prevented with concurrent BEcd treatment in the ORX and
OVX animals.

This study had a number of limitations. First, we only
used one dose of B-ecdysone and only included one time
point. Additionally, we did not evaluate the potential ac-
tivation or deactivation of hormonal receptors that include
estrogen and androgen receptors after PEcd treatment or if
B-Ecd would alter the sensitivities of the hormonal recep-
tors. Because BEcd is structurally similar to testosterone or
estrogen, it is thought to have steroid hormone-like effects
including stimulating protein synthesis, promoting carbo-
hydrate and lipid metabolism, alleviating hyperglycemia
and hyperlipidemia, having immunologic modulation
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effects, and protecting endothelial cells from apoptosis.
However, it was reported that BEcd did not bind to the
estrogen receptor [35], and its pharmacological effects may
not involve estrogen receptor activation. To further ex-
amine whether hormones play a role in the effects of BEcd
on bone, we treated the ORX male and OVX female mice
with BEcd. BEcd treatment partially prevented trabecular
bone loss primarily through further increases in tissue-level
bone formation markers and bone formation rates. How-
ever, BEcd treatment at the current dose and treatment
length failed to have beneficial effects on the cortical bone
in hormone-deficient mice. A longer treatment period or
dose-dependent study may be necessary to further elucidate
whether sex steroid status altered BEcd treatment efficacy
as far as the skeletal changes are concerned.

Sex Differences in Skeletal Geometry and Bone
Strength

The mice we used gained approximately 10% body mass
during the study period. These Swiss Webster mice nor-
mally obtain their peak bone mass by 4 months of age [25,
40, 41, 43]. For this reason, the bone development in mice
in this study might resemble late pubertal human bone
development. We found that female mice had similar
vertebral bone mass and strength as the male mice at
3 months of age. These observations were similar to the
results of another study performed in C57BL/6 mice [1].
Although the females had higher trabecular bone volume
within the vertebral body, the smaller bone size in female
mice compared with the male mice may correspond to a
lower maximum compression load and the overall bone
strength (work to failure) for both trabecular bone (verte-
brae) and cortical bone (femoral shafts).

Sex Differences in Response to BEcd Treatment

Sex is a significant contributing factor to the different
therapeutic responses observed between females and
males. For example, muscle-derived mesenchymal stem
cells obtained from female mouse donors have superior
myogenic ability to those from males [13] but lower
chondrogenic potential [30]. Supplementation of the cul-
ture medium with estrogen increases the osteogenic
differentiation of the bone marrow-derived stromal cells
from both male and female rat donors [20]. In humans, the
prevalence of colony-forming osteogenic units cultured
from bone marrow aspirates is significantly reduced with
age for women but not for men [20]. One of the main
growth factors for peak bone mass acquisition, insulin-like
growth factor, is associated with bone mineral density of

@ Springer

the spine and hip in postmenopausal women (> 55 years)
who were not on estrogen but not in aged-matched men
[21]. In patients with growth hormone deficiency, men had
significantly higher bone gain than women after recom-
bined human growth hormone treatment [21]. In skeletally
mature mice, parathyroid hormone has similar osteogenic
effects on osteogenesis in vitro but exerts a greater anabolic
effect on the trabecular and cortical bone in male mice than
in female mice [38].

In the current study, we found BEcd increased bone
formation rates to similar degrees in male and female mice
at the trabecular bone site. The increase in bone formation
rate at the trabecular bone surface resulted primarily from
greater the osteoblast-forming surface (mineralized sur-
face). Similarly, the percentage increases in cortical bone
volume and bone strength (maximum load and work to
failure) were similar in intact male mice than in intact
female mice that were treated with BEcd.

In summary, we found that the short-term administration
of BEcd in growing intact mice resulted in marked en-
hancements in both trabecular and cortical bone formation
that was associated with significantly increased trabecular
and cortical bone volume. These findings imply the po-
tential use of BEcd in the bone mass augmentation in
growing males and females. Our results indicate that BEcd
may partially prevent the detrimental effects of gonadec-
tomy on trabecular bone but not on cortical bone. BEcd
may differ from the other anabolic hormone treatments that
have caused some real problems when taken from the
laboratory to human models such as serious cardiac com-
plications. However, its efficacy in humans awaits further
investigations.
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